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Abstract

In recent years, transportation has been an important contributor to greenhouse gas (GHG)
emissions globally. Electrification is an important step toward a more sustainable
transportation industry, The purpose of this paper is to outline various challenges and
opportunities associated with the adoption of electric trucks. A systematic literature review is
undertaken to identify the relevant themes for electric truck adoption. Brief case studies of
manufacturers serve to illustrate results from the literature review. Among the findings,
technological, human, public policy, industrial and business factors emerge. The paper
concludes that electric truck adoption is a complex multifaceted phenomenon beyond purely
technological considerations. Future research should focus on making better models of
adoption that encompass a wider range of issues.
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1. Introduction

In recent years, many governments have launched initiatives to promote sustainable practices
in transportation and logistics. Indeed, transportation is an important contributor to
greenhouse gas (GHG) emissions globally. As such, emissions reduction comes with a
reduction in the use of fossil fuels, especially when using internal combustion engine (ICE)
vehicles as a baseline. Over the years, a range of alternatives have been developed.
Compressed natural gas (CNG) is sometimes positioned as a potential solution to decrease
GHG:s., especially “renewable natural gas” since that may be carbon neutral depending on
how it is produced and used. Gas producers pitch this as a perfect solution to decarbonize
trucking over longer distances (Doyon, 2023) even though is does entail the combustion of a
fossil fuel. Hybrid powertrains also bring benefits as they also reduce fuel consumption and
extend total vehicle range — thus reducing GHGs — yet they do not eliminate tailpipe
emissions because of the limited range afforded by the battery pack. Plugin hybrid electric
vehicles (PHEVs) for their part do typically show an extended electric-only range when
compared to “regular” hybrid powertrains but they do not eliminate tailpipe emissions either.
Another potential alternative ICE vehicles comes in the form of FCEVs, or fuel cell electric
vehicles. While this offers fast refueling and better range than classical battery electric
vehicles (BEVs), they lack sufficient refueling and fuel (i.e. hydrogen) production
infrastructure at the time of writing this paper. Sources of energy (hydro, coal, nuclear) also
have an impact on the amount of carbon attached to a particular GHG reduction technology.

A significant portion of the literature points to battery electric vehicles (BEVs) and trucks
(BETs) for the great potential they hold to help meeting emission targets globally, if only
because of their lack of tailpipe emissions. Our research question is focused on electric truck
adoption (i.e. BETs) in the context of an increasing need for greener transportation. We look
into the main themes identified in the literature that center on electric truck adoption and
briefly examine how they correlate with the cases of three original equipment manufacturers.
We conclude by extracting challenges and opportunities for electric truck adoption and
identify overarching issues that reach across themes contained in the literature.

This paper is structured as follows. It starts with the case for electrification in the greening of
transportation. Then, the methods used to address the research question are described. After
which, the paper delves into the findings in the form of themes identified in the literature:
Batteries, infrastructure, holistic perspectives, costs, government-related factors and operator
experiences. The paper concludes with challenges and opportunities as the relate to electric
truck adoption.

2. Greening transportation

Trucking is a significant source of GHGs in transportation and while an important strand of
the literature focuses on vehicle routing, load optimization and related issues, such as
metaheuristics for charging strategies (Peng, Wu, & Boriboonsomsin, 2024), a lot of work
remains to be done on trucks themselves, the infrastructure that surrounds them as well as the
conditions necessary to gain a better understanding of the conditions that help the transition
away from fossil fuels in trucking.

One way to decrease GHGs from trucking revolves around electrifying them. It is an
important step toward a more sustainable transportation industry, whether on long-haul routes
or for last mile logistical purposes in the context where many jurisdictions are trying to
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achieve net-zero objectives in the transportation sector as in the case of the USA (e.g.
Mohammed & Villegas, 2023).

This may have some obvious benefits on the sustainability side in part because of the
reduction in tailpipe emissions and fuel costs, it nevertheless brings a wide range of
challenges both for independent and fleet operators. The purpose of this paper is to map the
challenges and opportunities associated with the adoption of electric trucks.

3. Methods

This research is undertaken in two phases. First, a systematic literature review is carried out
to identify the relevant elements of a mapping effort. Second, case studies of pure-electric
truck original equipment manufacturers (OEMs) are examined. The results from these steps
are then clustered and presented around the relevant topics that were uncovered.

For the first phase, a systematic literature review was conducted using the PRISMA principles
(Moher, Liberati, Tetzlaff, Altman, & PRISMA Group*, 2009), implying that a documented
search strategy underlined the review complete with an appreciation of the biases and
limitations of the technique. A keyword search strategy was used from general formulations
to more specific ones as the search progressed. This led to a narrowly scoped pool of articles
from which the analysis stems.

For the second phase, the case study method (Yin, 2009) was applied to three pure-electric
OEMs that constituted a convenience sample in line with the exploratory objectives of this
research. This was done through publicly available sources of information. These sources
were triangulated (Mathison, 1988) to ensure sufficient levels of internal richness within cases
alongside acceptable diversity across cases so that results and findings would be empirically
rigorous and if not generalizable, they would at least show high levels of internal consistency.
Following the aforementioned two-sept process ensured the research met accepted and
sufficient thresholds of reliability and validity (Carmines & Zeller, 1979). The results from
each step are then presented and clustered around the themes uncovered in the literature with
the relevant implications that follow.

4. Results
4.1 Phase one: exploring the literature

Major databases containing transportation or transportation-related journals were interrogated
with a series of keywords related to electric trucks. The databases were selected for their
academic contents and their breadth of scientific articles related to the research question.
ScienceDirect, Web of Science, Taylor and Francis Journals, Business Source Premier
(EBSCO) and ABI/Inform (Proquest) were interrogated. Keywords allowing for simple and
broad coverage were used such as: “electric trucks”, adoption, fleet and obstacles to adoption
were used. Results are reported in table 1.
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Table 1 — Keyword and relevant articles from the databases surveyed on electric trucks

Keywords | ScienceDirect | Web of Taylor & Business ABI/Inform

Science Francis Source

Premier

“Electric 1414 392 119 110 18
Trucks”
AND 571 41 101 12 0
Adoption
*AND Fleet | 403 21 62 6 2
*AND 149 0 16 1 0
Obstacles
*AND 106 0 12 1 0
obstacles
AND fleet
Total 41 21 9 12 15
selected

The selection criteria were the following. Only academic peer-reviewed publications
(including book chapters) were selected. Other types of publications (i.e. trade journals,
magazines, etc.) were excluded. Article contents were filtered for relevance by keywords,
then by titles for appropriateness.

Relevant articles abstracts were collated, and 98 papers were selected across all five
databases. 28 were deleted as similar journals are covered by more than one database. After
removing duplicates, 70 papers in total were included in the sample. All papers were directly
related to road freight, heavy vehicles, heavy trucks and similar themes.

4.2  Phase two: Pure player electric trucking cases

After scoping the literature, we sought to gain insights into whether the outcomes reported
were aligned with the reported experiences of pure player electric truck OEMs. This paper
sought to illustrate this with companies that — at the time this research was started — were
considered leaders in their fields.

Since the industry is very dynamic, as multiple projects are launched for electric truck
manufacturing globally, and given the exploratory nature of this research, this paper settled on
a convenience sample. The following criteria were applied to select relevant OEMs.

First, they had to have had important coverage in the business and trade journals so that
sufficient information was published about them to help in pursuing this research. Second,
these players had to come from a geography that demonstrates high levels of similarity and/or
compatibility in infrastructures, regulations, and business environment. Third, these players
had to be “pure players” (i.e. not have legacy ICE truck manufacturing activity) to achieve
better comparability in that competitive space and eliminate the biases that may arise from
legacy players trying to optimize their ICE-related activities at the expense of the electric
products.
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Following the determination of these criteria, three companies were selected: Lion Electric,
Nikola and Tesla. All three companies have wide media coverage. They come from North
America which is a highly integrated economic space where countries have a compatible

regulatory environment.

All are so-called electric “pure players” since they do not have legacy ICE activities. Even
though Nikola also has hydrogen ambitions, they have not appeared to be at the expense of
the electric activities. Finally, all three companies manufacture and sell trucks commercially.

Table 2 — Companies and their product lineups*
Lion Electric! Nikola? Tesla
Country of origin Canada USA USA
Products Medium to heavy Heavy trucks Semi trucks
trucks and school
buses
Shipped volumes 386 vehicles shipped | 203 trucks shipped PepsiCo and DHL
(2024) deliveries (as of Q3 from Q1 to Q3 2024 | have received units,
2024) number N/A
Technology BEV FCEV + BEV BEV
Miles logged Approx 10M miles Approx 3.3 M miles Approx 4.6M miles
driven ** driven as of Feb 2025 | driven as of Sept 2024
Access to charging | Operated a battery Operated a battery Operates a battery
plant®** access to plant, hydrogen plant, access to
public charging stations and affiliates | proprietary charging
infrastructure stations

Notes: ! Lion filed for bankruptcy on Dec 19¢
chapter 11 on Feb 19, 2025

" 2025. 2 Nikola filed for bankruptcy under

Sources: *Corporate websites. ** As of 2022. ***Closed down in bankruptcy proceedings

5. Findings and discussion

Once the papers were analyzed, they were grouped into their general research themes. Papers
focused on batteries, infrastructure as it leads to adoption, trends toward holistic perspectives,
cost-related issues, government-related factors, and operator experiences. The papers were
mapped according to interlocking conceptual levels ranging from individual truck
characteristics to a fleet-level perspective. They also examined issues linked to policy and
technology. These are mapped in figure 1, with the truck — fleet issues on the horizontal axis
and the technology — policy issues on the vertical axis.
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Figure 1: The main themes uncovered in the literature

While cost-centric issues were central to many papers, issues surrounding batteries were
usually covered in the upper left quadrant at the intersection of technology and individual
trucks perspectives. Infrastructure issues were often explored from a policy perspective
whether they concerned trucks or fleets. Many papers advocated for a range of holistic
perspectives as they recognized the existence of systemic intertwined issues when it comes to
electric trucking. Government related factors tend to be examined from perspectives
encompassing regulatory issues at the intersection of fleets and policy. Operator experiences
for their part are often explored from a technology perspective, whether it touches trucks or
fleets. The mapping presented in figure 1 is a stylized view of the literature as some
individual papers may have broader or narrower views on these topics. Yet, it is a useful tool
to understand the extent to which the literature has studied these issues since all electric truck
OEMs were confronted to them to varying degrees.

Among the findings, technological, human, public policy, industrial and business factors
emerge. On the technical side, autonomous driving, range, battery technology and lifecycle
management emerge as relevant. Human factors such as the operator’s proficiency and
training also appear. Public policy issues like tax incentives or policies that promote social
acceptability, are also believed to have an impact. On the industrial and business front,
charging infrastructure (availability, available power and network quality), industry-level
business models (including sales and servicing, insurance, finance and insurance), prices as
well as operating costs are shown to be important. The following sections will review
batteries; the link between adoption and infrastructure; the emergence of holistic perspectives;
cost-related issues; government-related factors; and operator experiences.

5.1 Batteries

Energy storage is a key piece of the electrification puzzle as battery design and usage patterns
have some impact on user barriers like range anxiety and the need for an adequate charging
infrastructure (Ahmad, Khalid, & Panigrahi, 2021). Such infrastructure needs to be shared
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with usage optimized through a platform approach (Govik, 2024). Some have suggested
battery-swapping as a potential solution (Catay & Sadati, 2023). This in a context where the
relevance of long range batteries is sometimes put into question (Alp, Tan, & Udenio, 2022).
Industry specialists contend that battery weight remains an important issue to work on
(Bolduc, 2022).

Batteries themselves have proven important for OEMs. Indeed, Lion, Nikola and Tesla have
chosen to develop their batteries focussing on range and their commonality across their
respective vehicle platforms. They also deliberately chose to invest in battery manufacturing
to ensure a steady supply. They benefitted from having more control over design and
production volumes. However, given their precarious financial situations and recent
bankruptcies, Lion and Nikola no longer have battery manufacturing abilities.

5.2 Adoption and infrastructure

Electric truck adoption is often contingent on reasons linked to sustainability. There also
appears to be a growing link between adoption and charging infrastructure quality and
availability. Over the years, many systematic reviews on EV adoption have been carried out.
Among other factors that extend beyond the usual sustainability issues and cost trade-offs
(e.g. Gillstrom, Bjorklund, Stahre, & Abrahamsson, 2024), Alarcon et al. (2023) identified
long-haul trucking, charging infrastructure and business models as research opportunities,
while Lu et al. (2023) show that optimizing fleet charging strategies yield substantial benefits
for operators and that attractive charging infrastructure may yield to a positive effect on
emissions reduction because of its attractiveness.

Furthermore, adoption needs to consider the development of — and investment in — the
charging infrastructure as it does constitute a perceived barrier (e.g. Alp et al., 2022;
Anderhofstadt & Spinler, 2019). Indeed, charging infrastructure that integrates reverse
logistics yields interesting emission reductions as demonstrated in the Norwegian case (Yu &
Sun, 2024).

Charging infrastructure has proven to be an important part of the adoption puzzle. For
example, Tesla can count on a proprietary network and has developed “Megachargers” to be
used by Tesla semis. Nikola has collaborated with Chargepoint to use, develop and accelerate
the deployment of a charging infrastructure. Lion has chosen to work with its customers to
meet their charging needs.

Past work also shows that overhead lines, or catenaries, have great potential to decrease
emissions from transportation and truck deliveries (P16tz, Gnann, Jochem, Yilmaz, &
Kaschub, 2019). Along the same lines, ehighways, that have segments outfitted with a
catenary, are a piece of innovative infrastructure that may constitute a solution to significantly
reduce truck GHG emissions (Colovic, Marinelli, & Ottomanelli, 2024) but such
infrastructure’s penetration is impacted negatively by the high capital costs they entail
(Haddad et al., 2022). Wireless charging systems are another option believed to have shown
potential (Un-Noor et al., 2024; X. K. Wu, Zhang, & Chen, 2023).

Other research finds that while electric roads yield important social benefits, these benefits
vary as a function of the electrification technology and vehicle energy storage characteristics
(Sédllberg, Borjesson, & Jienwatcharamongkhol, 2024). The general implication is that the
adoption of electric trucks, because of the constraints they entail — whether infrastructure
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related or others (charging, range, etc.) - mean that business models need to be revisited, i.e.
scaling up operations in a given geographical area implies the need for an “ecosystem” and
overcoming organizational challenges within the firms involved in this change (Baron &
Apitsa, 2017). As such, ecosystem-thinking requires a shift in perspective.

53 Towards holistic perspectives on trucking

Electric trucking should be thought of in a systemic way in the same manner as EVs should be
from a holistic mobility perspective (Tilly, Yigitcanlar, Degirmenci, & Paz, 2024). A
systemic perspective is also posited to allow for better informed decision-making at the
strategic level (Raoofi, Brodin, & Pernestél, 2024) for all actors involved. From this, an
emphasis on a “whole of lifecycle” perspective is needed to work on the full spectrum of
GHG emissions that come from heavy trucks (Bhardwaj & Mostofi, 2022).

To a certain extent, all three OEMs studied here are looking into “whole of lifecycle”
perspectives. Their focus centers on their trucks and the technology portfolio around them.
They also indirectly position themselves across the spectrum of GHG emissions from their
usage and, to a lesser extent, from manufacturing activities.

5.4 Cost-related issues

Truck reliability and cost of ownership are seen as significant issues by experts in a study
conducted with German experts (Anderhofstadt & Spinler, 2019) and others (Vijayagopal &
Rousseau, 2021) with some works focussing on the Indian context (Singh, Patil, Sharma, &
Jarial, 2024). In other usage contexts, such as New York City, electric trucks have been
shown to use less energy and to emit less GHGs than their diesel powered equivalents while
being cheaper or slightly more expensive to operate depending on their drive cycles (Lee,
Thomas, & Brown, 2013). Similar tests in Sao Paulo have shown that efficiency was
contingent on ambient temperature (Lima, Baldo, & de Souza, 2024).

There is a trade-off between the lower energy costs afforded by electric trucks when
compared to diesel vehicles and the costs that may be attributed to longer charging times (see
Cheng & Lin, 2024). BETs may also be an interesting tool that allows for 24h urban delivery
as they are silent relative to gas-powered trucks and can have competitive operations costs
(Moll, P16tz, Hadwich, & Wietschel, 2020). Yet, research in the Swedish context has shown
that BET/BEV have a cost advantage over ICE trucks especially in cases of high asset
utilization with depot charging as a most cost-effective strategy (Engholm, Allstrom, &
Akbarian, 2024). Some suggest that charging while driving may be an option for long haul
routes (Boysen, Briskorn, & Schwerdfeger, 2023).

Furthermore, inducing companies to shift toward alternative fuels (including electricity)
implies a great sensitivity to costs, which in turn may favour hybrid vehicles in emerging
markets (Cantillo, Amaya, Serrano, Cantillo-Garcia, & Galvan, 2022). In Latin America, it is
posited that initial costs and costs of ownership represent substantial barriers and in that
context it is possible the medium trucks may be a segment that is prone to higher levels of
adoption than heavy trucks (see Tanco, Cat, & Garat, 2019).

While the OEMs that are examined in this paper have been paying attention to their own
production costs. They do provide maintenance and software updates, although to uncertain
degrees in the cases of Nikola and Lion.
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5.5 Government-related factors

Short term wins are important in implementing successful green measures, there has been
research on the trade-offs between carbon pricing, emission standards and energy efficiency
measures touting the importance of the former (e.g. Parry, Evans, & Oates, 2014). These
debates are often permeated by technology as an overarching factor to work on. But beyond
the technology, political processes matter greatly (see Meyer, von der Gracht, & Hartmann,
2022). Lawmakers see the energy transition problem essentially through funding (Sciara,
Waxman, & Buchanan, 2024). For example, BET Fleet deployment priorities should be
around favourable areas where this is encouraged by policymakers as in the case of China
(Qiao & Raufer, 2022). Beyond the usual technical factors for adoption, the Volvo Low-
Impact Heavy Green Transport Solution (LIGHTS) project lessons further emphasize the
importance of government incentives to accelerate the adoption process (Fenton & Kailas,
2021). An interesting example is truck weight regulatory incentives. For example, the
European Union has weight exemptions for two tons over class; in California, they are 2000
pounds over class; while other jurisdictions like Canada or Japan do not have such policies in
place (International Energy Agency, 2021). Another tool to induce the transition could be the
phasing out of fuel subsidies in some economies (Charabi, Al Nasiri, Al Awadhi, Choudri, &
Al Bimani, 2020).

In any case, legislative issues and those that relate to charging infrastructure seem to be
underestimated by lawmakers who tend to overemphasize financial/fiscal incentives (Taefi,
Kreutzfeldt, Held, & Fink, 2016). Yet, public policies on electrification should also take into
account the need for low carbon energy that will power the grid as electricity requirements are
bound to increase with the growth of the charging infrastructure (e.g. Talebian, Herrera, Tran,
& Meérida, 2018).

The most visible issue related to government issues has been that of government incentives
and mandates. Anecdotal evidence shows that sales volumes of BETs have continued to rise
in North America (Shchedrina, 2025) despite the lack of mandates in many geographies.
These incentives are usually useful inducements for operators to acquire trucks or to start
electrifying their fleets. Also, governments have invested in OEMs directly or through public
investment vehicles (e.g. Lion Electric) or by providing important tax breaks (e.g. Tesla).

5.6 Operator experiences

A lot of work has been done on whether electric trucks (including long haul) are competitive
or not (Kallionpéé, Nair, & Liimatainen, 2023). This notion of being competitive is one of
importance for operators and fleet managers. Indeed, fleet composition and mileage have a
bearing on transportation managers’ opinion of battery electric trucks (e.g. Konstantinou &
Gkritza, 2023). Some others have found that a lack of information for operators may also be a
limit to adoption (Imre, Celebi, & Koca, 2021). Fleet managers deem infrastructure, purchase
costs and range to be among the top factors that impact electrification (Sugihara, Hardman, &
Kurani, 2023).

Along the same lines, the timing of fleet renewal is paramount to successfully achieving the
transition toward greening the fleet with special consideration to not make the transition too
early as to not bear higher costs (Winkelmann, Spinler, & Neukirchen, 2024) with perceptions
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and timing being important variables explaining acquisitions (C. Wu, Li, Zhou, & Zhou,
2023).

In the case of city logistics, more space should be given to EVs in city logistics (see Iwan et
al., 2019). In such a context, the substitution between ICE trucks and BETs may be slowed
by the formers increasing levels of efficiency while the latter may see immediate advantages
in city logistics related applications (see Sacchi, Bauer, & Cox, 2021). Some posit that hybrid
electric may indeed be the best choice (Saha et al., 2024).

Operators generally like electric trucks, but balk at the higher acquisition costs when
compared to ICE trucks. However, when OEMs produce trucks that can fit in their business
models, they tend to adopt them like PepsiCo did with Tesla semis. PepsiCo reports hauling
over short and long distances — “gross vehicle weight plus load of over 70 000 pounds”
(Lockie, 2023). But adoption comes with a caveat, especially for long-haul trucks as BETs
have been shown to have load limitations because of the sheer weight of batteries (Larson,
Parsons, & Kalluri, 2024). This makes the question of the type of freight that is hauled central
to the sustainability of business models built around BEVs that remains understudied as
opposed to range even though they are related.

6. Conclusion and future research

In conclusion, electric truck adoption is a complex multifaceted phenomenon beyond purely
technological considerations. This paper has started by positioning the importance of electric
trucks in the effort to green transportation. Using a two-pronged approach by carrying out on
the one hand a literature review and on the other brief OEM case studies, a range of themes
was extracted: batteries, infrastructure, holistic perspectives, costs, government-related factors
and operator experiences. Each theme came with a set of challenges and opportunities for
adoption presented in table 3. A set of overarching issues across themes was identified as
optimizing the constraints associated with the various elements uncovered in the literature,
adopting a platform perspective, and a particular focus on sustainability.
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Table 3 — Challenges and opportunities for BET adoption with regards to themes
identified in the literature

Theme Challenges Opportunities Overarching issues
Batteries -Range anxiety -Energy storage
-Long-range batteries | -Battery swapping
Infrastructure | -Adequate charging -Shared infrastructure
infrastructure -Attractiveness
-Infrastructure quality | -Integration of reverse
-Business model logistics
-Development -Catenaries
-Investment -Wireless charging
-High capital costs -Electric roads
Holistic -“Ecosystem thinking”
perspectives -Whole-of-lifecycle
perspective
Costs -Cost of truck -Urban deliveries -Optimization
ownership -Charging-while- under relevant
-Cost of energy driving constraints
-Long-haul deliveries | -Hybrid
-Asset utilization -Medium trucks -Platform
-Heavy trucks perspectives
Government- | -Types of -Deployment in -Sustainability
related technologies incentivized areas
factors supported -Incentives
-Funding -Phasing out fuel
-Legislative issues subsidies
-Grid energy
generation
Operator -Competitiveness -Increase the space for
perspectives | -Fleet composition EVs
-Mileage -Hybrid electric
-Infrastructure vehicles
-Purchase costs
-Range
-Timing of fleet
renewal
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Future research should focus on making better models of adoption that encompass a wider
range of issues. Such issues may examine other technical factors and tools like vehicle 2 grid,
full self driving capability, fleet management automation and the importance of artificial
intelligence. Other issues may involve supply chain issues for OEMs and battery makers
through a research strand that examines the issue from the perspective of the availability of
critical minerals to support the transition to EVs, like for example cobalt (Seck, Hache, &
Barnet, 2022). Another possible grouping of issues may be related to health as some papers
have started to affirm that there are measurable health benefits behind the transition to electric
(Tong, Jenn, Wolfson, Scown, & Aufthammer, 2021).
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