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ABSTRACT 

This literature review synthesises current academic research on alternative propulsion 

systems in road freight. Analysing over 150 scientific papers, it explores both economic and 

environmental dimensions. A structured bibliographic approach was employed, involving a 

three-phase selection process: evaluating the relevance of research platforms, identifying the 

most effective keyword combination and determining whether keyword searches in abstracts 

or full texts provide more pertinent results. A statistical evaluation highlights prevailing 

research trends and uncovers notable gaps, particularly in regional representation and vehicle 

type diversity, with a bias towards HDTs. Moreover, while the literature heavily emphasises 

electrification and hydrogen-based technologies, biofuels – despite their compatibility with 

existing internal combustion vehicles and their potential as a transitional fuel – remain 

underrepresented. Given their expected role in achieving EU climate objectives, further 
research is needed on the ecological, financial and operational impacts of their integration 

into freight networks. The review ultimately calls for more comprehensive investigations into 

infrastructure development and enhanced prospective analyses. Such research is critical for 

policymaking and for building stronger cooperation between shippers and carriers. In brief, 

given the transformative investments required for electric vehicle deployment, a deeper 

analysis of collaborative models could provide valuable strategies to accelerate the transition 

to zero-emission freight solutions. 

KEYWORDS 

road freight; alternative fuels; literature review; battery electric vehicles (BEVs); life cycle 
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1. INTRODUCTION 

According to [1] and [2], road freight transport is a major contributor to greenhouse gas emissions and 

urban air pollution, primarily due to its reliance on fossil fuels. Faced with growing environmental and health 

concerns, it becomes imperative to seek and adopt alternative solutions that can offer comparable performance 

while minimising negative environmental impacts. Among the explored alternatives are electric vehicles, 

biofuels, hydrogen and hybrid technologies. Each of these alternatives offers specific advantages and unique 

challenges in terms of performance, cost and long-term viability. Rather than evaluating the viability of these 

technologies, this literature review aims to systematically map and assess the existing body of research. It 

focuses on when studies were published, which vehicle types and drivetrain technologies they cover, as well 

as the geographical and methodological scope they represent. 

Although the decarbonisation of road freight transport is a growing area of concern, relatively few 

comprehensive literature reviews have been conducted to date on alternative solutions to fossil fuels. 
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While [3] addresses road freight sustainability from environmental, economic and social perspectives, 

providing a comprehensive and multi-dimensional analysis, the issue of eco-friendly vehicles is only 

superficially treated and tends to be overshadowed by broader systemic considerations. 

[4] provide a structured overview of the state of system dynamics models applied to freight transport 

decarbonisation. The review classifies the selected studies within the green logistics framework, distinguishing 

strategies such as decreasing the overall demand for freight transport, transitioning to cleaner transport modes, 

making more efficient use of transport infrastructure and vehicles, improving energy performance, and 

adopting low-carbon energy sources. However, only 13 out of the 50 studies reviewed specifically address 

alternative solutions to diesel, limiting their direct relevance to the scope of this review. 

In addition, several case studies provide valuable insights by presenting specific analyses of fossil fuel 

alternatives in road freight transport. While these studies help contextualise the topic, they often present limited 

perspectives due to methodological and thematic constraints. 

For instance, the literature review in [5] focuses primarily on studies of light-duty vehicles in Europe and 

the United States, using techno-economic models such as LBST and ANL GREET to compare hybrid, plug-

in hybrid, battery electric and fuel cell technologies. While detailed, it is based on a limited number of reference 

studies and excludes medium- and heavy-duty vehicles, which reduces the applicability of these alternative 

solutions in freight transport. 

The review in [2] focuses exclusively on the electrification potential of heavy-duty trucks in countries such 

as the United States [6], Canada [7] and China [8], analysing costs and emissions. However, this leaves out 

light- and medium-duty freight vehicles, potentially hindering a comprehensive overview of fossil fuel 

alternatives or resulting in a biased one. 

Finally, the literature review in [6] includes 31 studies that primarily focus on the environmental impacts 

of freight vehicles of all sizes in developed areas. Nevertheless, these works offer limited economic analysis 

and do not address the specific challenges faced by emerging regions. Therefore, caution must be exercised in 

generalising conclusions. 

In response to these limitations, the present literature review stands out by its breadth and depth. Covering 

158 scientific publications, it encompasses a wide and diverse range of fuel technologies and vehicle types in 

diverse geographic contexts, including both developed and emerging regions. Moreover, this review includes 

ecological and economic analyses, relying on various methods such as total cost of ownership (TCO) [9], life 

cycle assessment (LCA) [10, 11], simulation [9, 11, 12], well-to-wheel analysis [13], and mathematical 

optimisation [14-18]. It includes both retrospective and prospective studies to analyse the evolution of 

technologies and policies related to alternative solutions, while identifying emerging trends that could 

sustainably transform the sector. This literature review also encompasses studies modelling scenarios related 

to charging conditions, energy prices, and vehicle mileage. This comprehensive and diversified approach 

provides more robust guidance for policymakers, researchers, and practitioners in their search for sustainable 

and efficient solutions to replace fossil fuels in road freight transport. 

The paper is organised as follows. Section 2 defines the scope and describes the methodology used for the 

bibliographic search, including the selection of platforms, the keyword strategy and the multi-step filtering 

process. Section 3 presents and discusses the results, including descriptive statistics and research trends. 

Section 4 highlights existing gaps in the literature and offers recommendations for future research. Section 5 

provides a discussion, analysing the main findings, explaining the dominance of electric solutions in road 

freight transport, and interpreting the implications for future research and policy. Section 6 outlines the 

limitations of the review. Finally, Section 7 concludes the paper. 

2. METHODOLOGY 

In order to refine the search, several limits have been set. The exclusion criteria were defined as follows: 

⎯ Language: Publications in English were prioritised to ensure consistent comprehension and access to a 

broad scientific database. German terms were also included in the search. However, no studies in German 

were ultimately retained; 
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⎯ Year of publication: Only studies published after the year 2000 were considered, to ensure the relevance 

and currency of technologies and data; 

⎯ Peer review: Only peer-reviewed articles were included to guarantee the credibility and reliability of the 

information. 

2.1 A three-step decision-making process 

A rigorous bibliographic methodology was employed using a three-step decision-making process. This 

included choosing the most effective platform, selecting the most informative keyword combination, and 

deciding whether to search for keywords in abstracts or full texts to obtain more relevant results. 

Selection of the research platform 

The literature review process began with the selection of three prominent academic platforms: EBSCO 

Discovery Service (EDS)1, EBSCOhost2 and Web of Science (WoS)3. Each platform was assessed for its 

comprehensiveness, search precision and capacity to retrieve relevant documents. 

Preliminary analyses revealed that EDS generated an extremely high number of results, but with a low 

relevance ratio. This is partly due to EDS’s tendency to retrieve documents where keywords appeared in the 

bibliography or footnotes, without substantive discussion of the topic. EBSCOhost, while providing 

specialised databases, yielded a more limited number of studies and required pre-selection of specific sub-

databases, which restricted its coverage. In contrast, WoS demonstrated a superior balance of coverage and 

relevance, with a significantly higher proportion of pertinent documents. 

To validate the platform selection, comparative searches using identical keyword combinations were 

performed across all three platforms. WoS consistently provided the highest ratio of relevant studies to total 

search results. Therefore, WoS was chosen as the exclusive platform for the remainder of the review. 

Choice of keywords 

Keywords are used to target searches within databases. Identifying keyword combinations is essential for 

filtering results relevant to the subject under study. 

For this literature review, which aims to explore alternative solutions to fossil fuels in transport, a systematic 

method of combining keyword sets was implemented. This method allows for a focused examination of the 

ecological and economic impacts of alternative propulsion technologies while covering the two main transport 

domains: freight and passenger transport. Including keywords related to passenger transport helps ensure that 

no potentially useful studies are excluded due to overly strict categorisation. For example, this approach can 

capture studies that primarily focus on passenger transport but also include relevant sections or analyses related 

to freight transport. Similarly, both ecological and economic aspects are included as they contribute 

significantly to the research objective. Adjustments to keyword combinations may be made depending on the 

relevance and quality of the results retrieved. 

Thus, six different combinations of five keyword sets were formulated to optimise the search. Each set is 

defined by a group of keywords, as listed in Table 1. 

Keyword sets used: 

⎯ Set 𝐸1: “Alternative drives” – Includes terms related to various alternative propulsion technologies; 

⎯ Set 𝐸2: “Economic aspect” – Focuses the analysis on the economic impacts of propulsion technologies; 

⎯ Set 𝐸3: “Ecological aspect” – Focuses the analysis on the ecological impacts of propulsion technologies; 

⎯ Set 𝐸4: “Freight transport” – Specifies freight transport as the application domain; 

⎯ Set 𝐸5: “Passenger transport” – Specifies passenger transport as the application domain. 

  

 
1 https://research.ebsco.com/c/6az4lk/search/advanced/filters?autocorrect=n 
2 https://research.ebsco.com/c/jpkfed/search/advanced/filters?autocorrect=n 
3 https://www.webofscience.com/wos/alldb/advanced-search 

https://research.ebsco.com/c/6az4lk/search/advanced/filters?autocorrect=n
https://research.ebsco.com/c/jpkfed/search/advanced/filters?autocorrect=n
https://www.webofscience.com/wos/alldb/advanced-search
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Table 1 – Keyword sets 

Set Keywords 

Set 𝐸1: Alternative drives 

“Autogas*” OR “LPG” OR “CNG” OR “natural gas*” OR “fuel cell” OR “diesel” OR “electr*” OR 
“battery” OR “internal combustion engine*” OR “hydrogen*” OR “alternative drives” OR “alternative 

propulsion” OR “biofuel” OR “biogas*” OR “Elektr*” OR “Wasserstoff*” OR “Hybrid*” OR 
“Autogaz” OR “Erdgas*” OR “Bioethanol” OR “Bio-diesel” OR “Kraftstoff*” OR “Brennstoffzelle*” 

OR “Batterie*” OR “alternative Antriebe” 

Set 𝐸2: Economic aspect 

“total cost of ownership” OR “TCO” OR “life cycle cost*” OR “operational lifetime costs” OR “LCC” 
OR “Gesamtbetriebskosten” OR “gesamte Betriebskosten” OR “Gesamtkosten des Betriebs” OR 

“Lebenszykluskosten*” 

Set 𝐸3: Ecological aspect 

“life cycle assessment” OR “life cycle analysis” OR “sustainability assessment” OR “carbon footprint” 
OR “cradle-to-grave analysis” OR “LCA” OR “Ökobilanz” OR “Umweltbilanz” OR 

“Lebenszyklusanalyse” OR “CO2-Fußabdruck” 

Set 𝐸4: Freight transport 

“ground transport*” OR “land transport*” OR “transport by road” OR “road traffic” OR “heavy goods 
vehicles” OR “HGV” OR “road freight” OR “road carriage” OR “road haulage” OR “trucking” OR 

“truck transport” OR “Straßenfracht” OR “Straßengüterverkehr*” OR “Lkw-Transport” 

Set 𝐸5: Passenger transport 
“passenger transport*” OR “public transport*” OR “mass transit” OR “passenger car*” OR “Bus*” OR 

“Personentransport*” OR “öffentlicher Verkehr” OR “Massenverkehrsmittel” OR “ÖPNV” 

 

Keyword set combinations defined for the search: 

⎯ Combination 𝐶1: 𝐸1 AND 𝐸2 AND 𝐸4 – Focuses on the economic analysis of freight transport; 

⎯ Combination 𝐶2: 𝐸1 AND 𝐸3 AND 𝐸4 – Focuses on the ecological analysis of freight transport; 

⎯ Combination 𝐶3 : 𝐸1  AND 𝐸2  AND 𝐸3  AND 𝐸4  – Targets studies that address both economic and 

ecological aspects of freight transport; 

⎯ Combination 𝐶4: 𝐸1 AND 𝐸2 AND (𝐸4 OR 𝐸5) – Focuses on the economic analyses of freight and/or 

passenger transport; 

⎯ Combination 𝐶5: 𝐸1 AND 𝐸3 AND (𝐸4 OR 𝐸5) – Focuses on the ecological analyses of freight and/or 

passenger transport; 

⎯ Combination 𝐶6: 𝐸1 AND 𝐸2 AND 𝐸3 AND (𝐸4 OR 𝐸5) – Targets studies that address both economic 

and ecological aspects of freight and/or passenger transport. 

While several combinations are applied to explore the use of alternative propulsion technologies from 

different angles, only one combination will subsequently be selected to ensure the study’s relevance and 

research results. 

The systematic inclusion of Set 𝐸1  in all combinations reflects the central importance of alternative 

propulsion technologies in the study, emphasising the primary goal of understanding and evaluating their 

viability and impact in the transport sector. 

Including passenger transport in the search significantly increases the number of results, revealing a 

stronger scientific focus on passenger transport compared to freight transport alone. Depending on whether the 

keywords are searched within the full text or just the abstract, the number of results increases by a factor 

ranging from 2.3 to 3.2 when passenger transport is included (see Table 2). 

Table 2 – Increase in the number of search results by including passenger transport 

 Ecological perspective Economic perspective Both 

Full text 3.0 3.2 3.0 

Abstract 2.3 3.1 2.8 

 

However, including such a large number of articles may hinder the ability to maintain a literature review 

focused specifically on freight transport. To preserve the overall coherence of the analysis and facilitate the 

synthesis of results, it is therefore necessary to exclude all keyword combinations that include Set 𝐸5, which 
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relates to passenger transport. At the same time, neither the economic nor the ecological dimension should be 

neglected in this study. As a result, a new keyword combination is proposed: 

⎯ Combination 𝐶7 : 𝐸1  AND (𝐸2  OR 𝐸3 ) AND 𝐸4  – Targeting studies related to the economic and/or 

ecological analysis of freight transport. 

This new keyword combination 𝐶7 was selected for the literature research, as it adopts a broader logic than 

𝐶3 by allowing the inclusion of studies focusing on either economic or ecological aspects (or both). Moreover, 

this approach remains within the thematic scope, as the selected keyword combination specifically targets road 

freight transport. 

Abstract vs. full-text search decision 

A critical methodological decision was whether to limit the search to document abstracts or to extend it to 

the full text. Preliminary testing indicated that restricting the search to abstracts would have resulted in the 

omission of a substantial portion of relevant studies. Specifically, analysis showed that 67.6% of the relevant 

studies identified via full-text searches were absent from abstract-only searches. 

Given the depth required for this review and the risk of missing essential documents, it was decided to 

conduct the search across the full text of articles. Although this approach was more time-consuming due to the 

increased number of documents to be assessed, it enabled a more comprehensive and accurate retrieval process. 

A detailed description of this multi-step bibliographic procedure, including the four successive queries that 

guided the selection of the research platform, the formulation of the keyword combination, and the decision 

between abstract-only and full-text searches, is provided in [19]. 

2.2 Evaluation and classification of documents 

Following the establishment of the search strategy, the next step involves assessing the retrieved documents 

and progressively filtering them to retain only the most relevant ones. The selected documents are then 

classified, facilitating their analysis. 

Progressive filtering process 

The literature selection process employed a progressive filtering methodology, systematically narrowing 

the body of documents through multiple refinement stages: 

⎯ Initial search: The WoS platform yielded 2,209 documents using the selected keyword combination and 

exclusion criteria; 

⎯ First filtering stage: Exclusion of irrelevant subject categories4, particularly documents classified under 

“Engineering” that did not directly pertain to transport systems. This step reduced the dataset to 1,814 

documents; 

⎯ Second filtering stage: Screening of titles and abstracts to remove documents not aligned with the research 

objectives, focusing on road freight transport. This phase reduced the selection to 297 studies; 

⎯ Final filtering stage: Full-text reviews were conducted to ensure each study explicitly addressed road 

freight transport, rather than passenger or other transport modes. This rigorous review led to a final 

selection of 158 relevant scientific publications. 

Figure 1 provides a detailed overview of the dataset refinement process, highlighting the stepwise reduction 

from an initial broad corpus to a focused and reliable selection.  

 
4 WoS offers a detailed classification system that categorises scientific publications into specific fields, allowing for further 

refinement of results through targeted filters. 
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Figure 1 – Stepwise filtering of retrieved documents 

Classification framework 

Each of the 158 retained studies was systematically classified according to multiple criteria: 

⎯ Title, Authors, Journal, Year of publication: These fundamental data provide a quick overview of the 

source and the time period of the study; 

⎯ Geography: Documents are classified by investigated geographic regions, including Africa, Oceania, 

Asia, America and the EU + UK; 

⎯ Perspective: Each study is analysed to determine whether it deals with ecological concerns, economic 

concerns or a combination of the two; 

⎯ Scenario focus: Table 4 groups the various scenarios identified during the analysis of the studies. The 

simple consideration of different fuels is not retained as a scenario, since it is the core subject of the study; 

⎯ Transport type: A distinction is made between studies dedicated exclusively to freight transport and those 

that also cover passenger transport; 

⎯ Vehicle type: Table 5 lists the groups of vehicle types; 

⎯ Drivetrain technology and fuel: Table 6 shows the types of fuels studied; 

⎯ Study type: A distinction is made between retrospective and prospective studies. 

These criteria were chosen to ensure a comprehensive, multidimensional analysis of the retained 

documents. The aim of this classification was to facilitate a structured and systematic statistical analysis, 

revealing thematic patterns, methodological diversity and the overall distribution of research efforts. Each 

criterion addresses a key aspect of the research landscape – technological, geographical, methodological or 

thematic. Together, they help explain how the literature approaches road freight decarbonisation. Other criteria, 

like fleet sizing or mileage, were considered but excluded due to inconsistent reporting across studies and a 

risk of adding complexity without offering clear analytical benefits. 

A simplified classification, based on geography, perspective, vehicle type, drivetrain technology, and 

including all selected documents, is provided in the Appendix (see Table 9). 

3. EMPIRICAL RESULTS 

A statistical analysis was performed to evaluate and interpret the data gathered from the classified 

documents, with the objective of exploring the evolution of research interest, assessing the frequency of key 

topics, and identifying potential gaps in the literature. 

  

2,209 documents (search results for 𝐶7 and full text)

exclusion of the category "Engineering" in WoS

1,814 documents

exclusion based on titles and abstracts

297 documents

exclusion based on key 
paragraphs or full text

158 documents
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3.1 Document sources 

The selected and analysed papers originate from 55 different scientific journals. Figure 2 is a Pareto diagram 

representing the breakdown of publications by scientific journal. With respectively 17 and 16 documents, 

Applied Energy and Transportation Research Part D stand out as the most prolific scientific journals on this 

subject. Journal of Cleaner Production totals 13 documents and also emerges as an essential scientific journal. 

Together, these three account for 29.1% of the documents retained for classification (see Table 3). 

 
Figure 2 – Number of publications by scientific journal 

Table 3 – Share of publications per scientific journal (only the 13 most represented journals are included) 

Scientific journal Quantity Percentage Cumulative percentage 

Applied Energy 17 10.76% 10.76% 

Transportation Research Part D 16 10.13% 20.89% 

Journal of Cleaner Production 13 8.23% 29.11% 

Energies 9 5.70% 34.81% 

International Journal of Hydrogen Energy 9 5.70% 40.51% 

Sustainability 9 5.70% 46.20% 

World Electric Vehicle Journal 7 4.43% 50.63% 

Energy Policy 7 4.43% 55.06% 

Energy 4 2.53% 57.59% 

Science of the Total Environment 4 2.53% 60.13% 

Renewable and Sustainable Energy Reviews 3 1.90% 62.03% 

Environmental Science and Technology 3 1.90% 63.92% 

Transportation Research Interdisciplinary Perspectives 3 1.90% 65.82% 

3.2 Temporal and geographic distribution 

Figure 3 shows the cumulative number of publications by world region from 2000 to 2023. Publications from 

2024 are excluded from this and subsequent figures to avoid skewing the perspective of the research landscape, 

as the data extraction from WoS was done mid-year.  
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Figure 3 – Number of publications by continent and year (stacked, 2000–2023) 

Globally, the number of studies has been gradually increasing since 2010. However, the geographic 
distribution is quite uneven. Africa is the least represented continent, with absolutely no study conducted in 

this region during the entire period. Interest in Oceania is also very low, with a few studies emerging in recent 

years, but this remains marginal (one per year since 2022). Studies concerning the European Union and the 
United Kingdom have been significantly increasing since 2015, with a notable peak in 2021. With more than 

41.4% of studies focusing on this geographic region, it appears to be of great interest in the search for 

alternative solutions to fossil fuels. The trajectory of the curve for America is similar to the general trend. With 

52 studies focusing on this region, it seems to play a key role in research as well. It should be noted that 69.2% 
of the studies conducted on the American continent focus on the United States. Asia has been modestly 

represented in studies until 2016, after which the number of studies gradually increased, surpassing those 

dedicated to the American continent in 2021. The percentage of studies focusing on China (80.0% of studies 
conducted in Asia) highlights this country’s primacy in the search for alternative fuels. 

This graph highlights increased dynamism in recent years (85.3% of the retained studies occurred after 

2016), with a particular focus on Europe, America, and, more recently, Asia in this critical field of the energy 

transition in road freight transport. 

3.3 Economic vs. ecological investigation 

Figure 4 summarises the perspectives covered in the analysed documents. The majority (82 out of 158) 

address both the ecological and economic consequences of adopting alternative solutions in the road freight 
transport sector. The ecological dimension is particularly important, with an additional 52 documents (32.9% 

of the retained papers) focusing exclusively on this aspect. Finally, 24 documents (15.2% of the retained 

papers) are dedicated solely to the economic perspective.  

 
Figure 4 – Percentage distribution of publications by investigation perspective 
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3.4 Research focus over time 

Table 4 presents a list of key scenarios considered in studies on alternative fuels in the transport sector. This 
helps illustrate which factors are most commonly analysed in the literature and highlights the main variables 

that influence the assessment of alternative fuel performance. For each scenario, a brief description is provided 

along with the number of studies in which it appears. It is important to note that the scenarios are not mutually 

exclusive; a single study may address multiple scenarios simultaneously. 

Table 4 – Scenarios 

Scenario Description 
Number of 

studies 

Energy production 
method / energy 

mix 

The source of the energy used to power vehicles (renewable energy, 
nuclear, fossil fuels) affects the overall life cycle emissions of alternative 

fuels. 
41 

Driving conditions 
Driving conditions affect energy consumption and vehicle wear (load 

factor, weather, road and traffic conditions). 
24 

Energy price 
(including carbon 

price) 

Fluctuations in energy prices, including the cost of carbon emissions, 
which varies according to government policies, directly impact the 

profitability of fossil fuel alternatives. 
23 

Penetration rate / 
fleet size 

The adoption rate of alternative technologies in the vehicle fleet or the 
size of the fleet of alternative fuel vehicles influences economies of scale 

for vehicle and infrastructure acquisition and maintenance. 
16 

Annual mileage 
The total distance covered by a vehicle over a year influences energy 

demand, operating costs, as well as wear and tear and vehicle depreciation 
(particularly for electric vehicles, whose range depends on usage). 

13 

Equipment costs 
(including 
subsidies) 

The cost of purchasing and installing necessary equipment (vehicles, 
charging infrastructure, etc.) impacts the financial analysis, as do state 

subsidies and financial incentives. 
12 

Vehicle range / 
battery capacity 

The maximum range, depending on battery or fuel tank capacity, affects 
the operational performance of vehicles and the feasibility of transitioning 

to alternative solutions. 
9 

Technological 
advancements 

Future technological advancements can influence the performance, costs, 
and efficiency of alternative vehicles and infrastructure (e.g. improved 

batteries). 
7 

Battery 
degradation / 
vehicle age 

Battery performance declines over time due to charging and discharging 
cycles, affecting maintenance costs, vehicle durability and energy 

efficiency. 
6 

Vehicle lifetime 
The operational lifespan of vehicles impacts the TCO and the amortisation 

of investments. 
5 

Vehicle 
configuration 

The specifications of the vehicle (dimensions, weight, type of 
transmission, tyre size, battery type, etc.) affect energy consumption and 

carbon emissions. 
4 

Refuelling / 
recharging method 

Different recharging technologies (slow, standard, fast charging, overnight 
recharging, etc.) influence the operational efficiency of alternative 

vehicles. 
4 

 

 The evolution in the distribution of studies across various scenarios over time reflects shifts in research 

priorities. Figure 5 shows the cumulative number of publications per year for the six most represented research 

focuses.  
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Figure 5 – Number of publications by research focus and year (stacked, 2010–2023) 

Since 2015, research topics such as annual mileage, energy prices and driving conditions have shown varied 

patterns of interest. Research on annual mileage has been sporadic, with a modest peak in 2023, likely due to 
advancements in vehicle range. Interest in energy prices peaked in 2021, reflecting broader public debate on 

energy and carbon emissions costs. Driving conditions have remained a consistently studied topic. Although 

fleet penetration rates were not covered in 2022, they remain a steady area of focus. Since 2017, studies on 
equipment costs have become more frequent, likely due to evolving subsidies. However, energy mix scenarios 

remain more prominent, especially with peaks in 2022 and 2023. This trend underscores increasing concern 

over how energy sources impact diesel alternatives. 

3.5 Transport types 

As explained in Section 2.1, some studies focus on both freight and passenger transport. 29.6% of the 

retained studies fall into this category. The rest focus exclusively on freight transport. Figure 6 illustrates this 

situation.  

 
Figure 6 – Percentage distribution of publications by transport type 

3.6 Vehicle types 

Table 5 provides an overview of the different vehicle types commonly referenced in studies on alternative 

fuels in road freight transport. Each category is accompanied by a brief description to clarify its usage. 
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Table 5 – Vehicle types 

Vehicle type Description 

Forklift + Pushback tractor Specialised transport for short distances (in warehouses and airports) 

Goods and logistics vehicle + Truck 
Generic terms that require more specific details and are used when neither the class nor 
the weight is specified 

LDT + MiDT + LDV + LCV + Van Light-duty truck, mini truck, light-duty vehicle, light commercial vehicle and van 

MDT + MDV Medium-duty truck and medium-duty vehicle 

HDT + HGV + HDV Heavy-duty truck, heavy goods vehicle and heavy-duty vehicle 

 

The analysis reveals that most studies focus on heavy vehicles, which are often considered the most 

challenging segment to decarbonise due to their high energy demands and long-haul usage patterns. As shown 
in Figure 7, this type of vehicle is studied in nearly half of the cases. The light vehicle category and the medium 

vehicle category complete the top three, in that order. However, they are significantly less represented and 

together account for fewer studies than those dedicated to heavy vehicles.  

 
Figure 7 – Number of publications by vehicle type 

3.7 Drivetrain technologies 

In the context of research on alternative fuel solutions, ICEVs are generally used as a reference baseline, 

compared to other transmission categories. Figure 8 represents the percentage of studies dedicated to each 

alternative powertrain group. Studies mainly focus on a few technologies. Thus, BEVs account for 44.7% of 
the studies. With 24.0%, FCEVs are also well represented. These are the only categories that exceed 15.0%. 

Two other categories surpass the 5.0% mark: HEVs with 13.4% and their counterparts, whose batteries can be 

plugged into an electrical socket for recharging, the PHEVs, with 8.9%. None of the other powertrain groups 
exceeds 2.5%. 
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Figure 8 – Percentage distribution of publications by drivetrain technology 

3.8 Fuels 

Table 6 provides an overview of the various fuel types considered in the studies. Each fuel is briefly 
described, highlighting its origin, composition or production pathway. 

Table 6 – Fuels 

Fuel Description 

Biodiesel / oxygenated 
fuel (ether, ester, 
alcohol) / FAME 

Produced by transesterification of vegetable oils (soybean, rapeseed, sunflower, palm) or animal fats – 
a reaction between the feedstock and an alcohol 

Biofuel 
Generic term for liquid and gaseous transport fuels (such as biodiesel, bioethanol and biogas) made 
from biomass 

Biogas (gaseous, 
liquefied) 

Mixture of methane, CO2 and small quantities of other gases produced by anaerobic digestion of 
organic matter in an oxygen-free environment 

CNG / LNG Compressed or liquefied natural gas 

Electricity 
Generated from fossil fuel, solar energy, biomass, wind, nuclear or hydropower plants (no distinction is 
made) 

Fischer-Tropsch diesel Synthetic diesel resulting from the FT-synthesis – a reaction between carbon monoxide and hydrogen 

Hydrogen 
Produced from fossil fuels, nuclear or hydropower plants, solar energy, biomass, wind, renewable or 
grid electricity (no distinction is made) 

Hythane Blend of hydrogen and compressed natural gas 

LPG Liquefied petroleum gas 

Renewable diesel / HVO Produced by hydrotreating (hydrotreated vegetable oil), gasification or pyrolysis of biomass feedstock 

Renewable NG / 
biomethane 

Near-pure source of methane produced either by “upgrading” biogas (a process that removes any CO2 
and other contaminants present in the biogas) or through the gasification of solid biomass, followed by 
methanation 

SVO Straight vegetable oil 
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Figure 9 represents the interest in the different fuel types. Logically, electricity and hydrogen are present in 

proportions similar to those observed in Figure 8 for BEVs and FCEVs. Indeed, these two types of energy are 
mainly used by BEVs and FCEVs, respectively. With slightly more than 16.0% of all studies, CNG / LNG 

complete the podium of substitute fuels. New-generation biofuels are relatively underexplored in the literature, 

providing limited additional perspective on alternative options.  

 
Figure 9 – Number of publications by fuel 

3.9 Vehicle type and drivetrain technology distribution 

Figure 10 shows the distribution of publications by drivetrain technology for the three most represented 

vehicle types. For each category, the distribution generally aligns with the previous conclusions, with BEVs 
dominating the literature. FCEVs and hybrid solutions appear less frequently. However, the proportion of 

FCEV-focused studies for LDTs and MDTs is somewhat higher than anticipated. These vehicle categories are 

typically associated with regional and urban transport, where BEVs are generally considered more viable due 
to their shorter-range requirements and compatibility with predictable routes. In this context, an even higher 

share of BEV studies could have been expected.  It should be noted that CVs are only considered in the context 

of heavy-duty vehicles, where the relative share of hybrid vehicle studies is slightly below average. Besides, 

despite the well-known challenges of fully electrifying long-haul operations due to range limitations and 
infrastructure constraints, BEVs appear somewhat overrepresented in this segment. 

 
Figure 10 –Number of publications by vehicle type and drivetrain technology 
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3.10 Temporal and drivetrain technology distribution 

Figure 11 represents the year-by-year evolution of the number of studies dedicated to different powertrain 
groups since 2010.  

 
Figure 11 – Number of publications by drivetrain technology and year (stacked, 2000–2023) 

The number of studies on BEVs has been steadily increasing since 2011. A significant rise can be observed 

starting in 2019, reaching a peak of 20 studies in both 2021 and 2023. This powertrain group has been the most 
studied in the past four years. Studies on FCEVs started to increase significantly in 2016, with notable growth 

beginning in 2019 and peaking at 14 studies in 2022. Although the number of studies slightly decreased in 

2023 (12 studies), FCEVs continue to attract considerable attention. 
Studies on HEVs and PHEVs have gradually increased until 2017, after which their numbers dropped to 

lower levels in the following years. A slight resurgence in the number of studies on hybrid vehicles can be 

observed in 2022. However, the declining interest in this technology compared to BEVs and FCEVs remains 

unchanged, as evidenced by the fact that, in 2023, the number of studies dedicated to hybrid vehicles decreased 
once again, while research on alternative solutions reached its peak. Despite their potential role in a gradual 

transition to fully decarbonised vehicles, hybrid vehicles (HEVs and PHEVs) appear to be receiving less and 

less attention in research. CVs have been a very underrepresented topic, with an average of one study published 
per year since 2018. 

In summary, studies on hybrid vehicles seem to be declining, possibly due to growing interest in zero direct-

emission technologies such as BEVs and FCEVs, which have dominated research on alternative fuels for road 
freight transport since 2020. 

 

3.11 Temporal design of studies by scenario 

Table 7 summarises the number of retrospective, prospective and mixed studies considered in the various 
scenarios.  
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Table 7 – Temporal design of studies by scenario 

Scenario Retrospective Prospective Mixed 

Energy production method / energy mix 20 20 1 

Driving conditions 15 9 0 

Energy price (including carbon price) 8 13 2 

Penetration rate / fleet size 3 13 0 

Annual mileage 7 6 0 

Equipment costs (including subsidies) 4 7 1 

Vehicle range / battery capacity 6 3 0 

Technological advancements 3 4 0 

Battery degradation / vehicle age 4 2 0 

Vehicle lifetime 4 1 0 

Vehicle configuration 4 0 0 

Refuelling / recharging method 3 1 0 

 

Overall, the studies are fairly evenly divided between retrospective and prospective studies, with a slight 

dominance of retrospective studies, as shown in Figure 12. This indicates that research on alternative fuels in 
road freight transport is fairly balanced between analysing past data and future predictions. Mixed approaches 

(incorporating both retrospective and prospective elements) are occasionally employed for scenarios such as 

energy prices, equipment costs and energy production methods. This reflects the correlation between historical 

trends and their impact on future key factors. 
However, depending on the scenario, there is often a clear tendency to focus predominantly on either 

retrospective or prospective analysis. For example, vehicle configuration and vehicle lifetime are 

predominantly, if not exclusively, investigated retrospectively. This is likely due to the reliance on long-term 
data for these variables. For instance, vehicle configuration evolves with innovation but at a relatively slow 

pace compared to other factors. Similarly, vehicle lifetime inherently requires prolonged observation periods. 

Conversely, scenarios involving the penetration rate of new technologies in the market are primarily explored 

through prospective studies. This is because this variable depends on future factors such as public policies, 
economic developments, technological advancements and market acceptance. Furthermore, retrospective 

analyses are often constrained in this area due to the relatively recent emergence and limited market penetration 

of alternative technologies. Consequently, researchers naturally turn to prospective analyses to anticipate their 

development. 

 
Figure 12 – Percentage distribution of publications by temporal design of studies 
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4. RESEARCH GAPS AND PROPOSED FUTURE RESEARCH DIRECTIONS 

Despite recent advancements in the field of alternative fuels for road freight transport, this statistical 
analysis reveals several research gaps. These are detailed in the following paragraphs. 

4.1 Insufficient integration of infrastructure in prospective research 

Although BEVs and FCEVs are increasingly studied for their environmental benefits and potential to 
replace internal combustion engines, the development of the infrastructure needed to support them has not 

received the same attention. However, it is essential to include a study of the infrastructure needed for their 

implementation in order to assess the relevance and viability of the project. Indeed, the lack of fast and 

accessible charging stations may limit the adoption of BEVs, particularly for long-distance transport, as well 
as in rural areas. For FCEVs, the challenge is even greater, as the production, storage and distribution of 

hydrogen on a large scale requires significant investments and technological advancements to be viable. Just 

like the lack of fiscal support and incentives for electromobility [20], the lack of charging infrastructure is a 
major obstacle to the adoption of electric vehicles [21]. For this reason, electric vehicle penetration remains 

particularly low in Africa, accounting for less than 1.0% of total car sales across the continent [22]. In contrast, 

more mature markets like China, Europe and the United States have implemented extensive charging 
infrastructure and benefit from policy frameworks that support electric vehicle adoption. China, for example, 

aims to have sufficient infrastructure for more than 20 million electric vehicles in 2025, and the United States 

has allocated billions of dollars to support a charging network across 122,000 km of highway [20]. Besides, 

policy initiatives such as the European Union’s Alternative Fuels Infrastructure Regulation (AFIR) underline 
the necessity of extending the TEN-T network. This includes adding fast charging stations in strategically 

important urban nodes [23]. 

In brief, it is important to rebalance research to include not only vehicle improvements but also the 
development of appropriate infrastructure. This includes studies on the optimal geographic distribution of 

charging stations and hydrogen refuelling stations, fast charging technologies, and the economic and 

environmental impacts of these infrastructures. Although some recent studies have begun to address 
infrastructure development for trucks in the United States and in Germany [24, 25], further research efforts 

should be more systematically directed toward this area to support the effective deployment of alternative fuel 

technologies. Future research should therefore integrate comprehensive infrastructure considerations, 

including geographic distribution, advancements in charging and refuelling technologies, as well as the 
associated economic and environmental impacts. Other recent studies addressing the challenges and prospects 

of electric vehicle adoption in Sub-Saharan Africa have predominantly focused on passenger transport [26, 

27]. However, there is a noticeable research gap concerning the electrification of freight transport. Unlike 
passenger transport, freight applications require more energy-intensive solutions, which impose greater 

demands on infrastructure. As such, the integration of freight-specific considerations is necessary to ensure a 

comprehensive transition to sustainable road haulage. 

4.2 Underrepresentation of biofuels in the literature 

While significant attention has been given to electrification and hydrogen-based solutions, biofuels remain 

relatively underexplored in the academic literature on freight transport. Given their compatibility with existing 

internal combustion engines and their potential as a transitional solution – particularly in regions where 
electrification is less feasible – biofuels deserve more focused investigation. Furthermore, despite variations 

across scenarios, biofuels are expected to significantly support EU climate goals, with contributions expected 

to reach 24.5 Mtoe (million tons of oil equivalent) by 2030 and 48.3 Mtoe by 2050. [28] point out that this 
increase is largely driven by a shift towards advanced biofuels, whose contribution is projected to rise from 

8.7 Mtoe to 36.5 Mtoe over the same period. Therefore, future studies should further assess the environmental, 

economic and logistical implications of integrating biofuels into road freight systems, considering regional 

feedstock availability, lifecycle emissions and potential policy incentives. 

4.3 Lack of research on industry cooperation for electrification 

Another neglected dimension is the potential role of shipper-carrier collaboration in facilitating the 

electrification of road freight transport. The transition to battery electric requires substantial investment in new 
infrastructure and adjustments in operational practices, such as route planning and charging schedules. 
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Coordinated strategies between shippers and carriers could facilitate this transition by enabling shared 

investments, optimising charging infrastructure usage and reducing operational costs through better scheduling 
and load management. Despite its importance, this topic is scarcely addressed in the existing literature. Future 

research should investigate collaborative business models, multi-actor investment strategies and policy 

frameworks that encourage cooperation across the supply chain, while also exploring how industry-wide 

collaboration could accelerate the deployment of zero-emission freight solutions, especially for long-haul and 

high-frequency roundtrip operations. 

4.4 Limited vehicle types 

Most studies concentrate on heavy-duty vehicles, while light and medium-duty vehicles are understudied. 
However, these types of vehicles play a key role in freight transport, particularly in last-mile delivery. This 

gap is even more problematic given the rapid expansion of e-commerce and the growing importance of 

sustainable urban logistics. Developing alternative technologies for these vehicles is therefore essential, as 

they constitute a significant share of the global fleet and generally present fewer technical challenges. Future 
research should further investigate light- and medium-duty vehicles, with particular attention to their specific 

operational profiles, charging requirements and integration within city infrastructures. 

4.5 Drivetrain technology bias 

As mentioned in Section 3.9, the proportion of studies focusing on FCEVs and hybrid solutions is somewhat 

higher than expected for LDTs and MDTs. In contrast, their coverage remains relatively limited for HDTs. 

This divergence suggests a potential misalignment between the technological relevance of these solutions and 
the current distribution of research efforts. Indeed, while the academic community’s focus on zero-emission 

solutions is understandable, there is a noticeable bias towards BEVs for HDTs, often at the expense of FCEVs 

and hybrid vehicles. This may reflect current policy priorities, but it risks neglecting transitional technologies 

that could support the shift toward decarbonisation. Hybrid and plug-in hybrid vehicles can play an important 
intermediary role, particularly in contexts where electrification is constrained by infrastructure or where 

operational limitations restrict the use of fully electric options. Similarly, FCEVs could be further explored as 

a complementary solution, especially for long-haul HDT applications where their operational advantages, such 
as longer range and faster refuelling, may offer significant benefits. 

4.6 Restricted geographical coverage 

The majority of studies focus on Europe, America (especially the United States), and, more recently, Asia 
(primarily China). Africa and Oceania are significantly underrepresented, with few or no studies conducted on 

these continents. This limits the global understanding of regional specifics regarding alternative fuels and the 

challenges faced by developing countries. It would be relevant to develop studies on Africa and Oceania to 

understand the barriers to the adoption of alternative fuels, considering the socio-economic and infrastructural 
specificities of these regions. 

However, this lack of research on alternative solutions in developing countries can also be explained by a 

lack of infrastructure. Indeed, without adequate infrastructure, it is materially difficult to conduct studies that 
collect empirical data to assess the impacts and effectiveness of alternative solutions. Africa lags behind other 

continents in terms of infrastructure for electric vehicles. Charging infrastructure, in particular, is far less 

developed in Africa compared to regions like Europe, China or the United States, which are investing heavily 

in public charging stations and fast-charging networks [20]. Recent research about the barriers for vehicle 
electrification was conducted in [24, 25] but only for passenger transportation. Work on freight operations is 

still lacking.  

Table 8 summarises the identified research gaps and their implications for future investigation. Bridging 
these gaps is essential to support a globally coherent and context-sensitive energy transition in the transport 

sector. Future research should therefore aim to develop more integrated and inclusive frameworks that reflect 

the complex interplay between vehicle technology, infrastructure deployment, business ecosystem and 
geographic context. 
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Table 8 – Identified research gaps 

Research gap Description Implication for future research 

Insufficient 
integration of 
infrastructure 

Charging and hydrogen refuelling 
infrastructure underexplored in prospective 

studies 

Include geographic, technical, organisational, 
economic and environmental infrastructure dimensions 

Underrepresentation 
of biofuels 

Limited focus despite their near-term 
compatibility with existing fleets and EU 

climate potential 

Evaluate environmental impacts across the full 
lifecycle, regional resource availability (feedstock 

potential), and the role of biofuels in multi-pathway 
transition strategies 

Lack of cooperation 
models 

Missing analysis of shipper-carrier 
coordination in deploying electric trucks 

Explore shared business models, investment 
mechanisms and policy incentives 

Limited vehicle 
types 

Bias on heavy-duty vehicles 

Expand scope to light- and medium-duty vehicles, 
which play a crucial role in urban freight and last-mile 

delivery 

Drivetrain 
technology bias 

Overrepresentation of BEVs, particularly for 
HDTs, and limited attention to FCEVs and 

hybrid technologies 

Provide a basis for the comparative assessment of 
FCEVs and hybrid solutions, particularly for long-haul 

operations and transitional scenarios 

Restricted 
geographical 

coverage 

Sparse research on alternative fuels in Africa 
and Oceania due to data and infrastructure 

limitations 

Promote context-sensitive studies that address the 
specific challenges of underrepresented regions and 

infrastructure gaps 

5. DISCUSSION 

The analysis of existing research shows that the transition to alternative fuels is strongly oriented toward 

electricity, reflecting technological, economic and policy priorities. The focus on BEVs, even for heavy-duty 

trucks, is explained by the rapid increase in battery energy density, falling costs and the progressive 
development of charging infrastructure, which make this solution increasingly viable for long-distance routes. 

Electric mobility is currently establishing itself and is expected to dominate in the future, primarily for 

reasons of energy efficiency and the availability of low-carbon electricity. In contrast, hydrogen is still largely 
produced from fossil fuels, while biofuels are constrained by resource availability and environmental impacts. 

Even when low-carbon hydrogen becomes widely available, its use will likely be prioritised in sectors where 

substituting fossil fuels is particularly challenging. For instance, in heavy industry, processes often require 
very high temperatures or specific chemical reactions for which direct electrification is not feasible, making 

hydrogen a suitable replacement for coal or natural gas. Similarly, in synthetic fuel production, hydrogen can 

be combined with CO₂ to produce fuels compatible with existing infrastructure for aviation or maritime 

transport, sectors where electrification remains difficult. As a result, hydrogen’s role in mainstream road 
transport is expected to remain limited. 

The technological and economic maturity of electric vehicles, combined with a charging network that is 

both rapidly expanding and already more developed than hydrogen infrastructure, reinforces this trend. These 
factors explain why research and investment are heavily focused on electric solutions for road transport, 

relegating hydrogen to a niche market. This orientation has important implications: it justifies concentrating 

future research efforts on electricity storage, battery optimisation, the deployment of shared infrastructure and 
coordination among stakeholders. 

6. LIMITATIONS OF THE REVIEW 

While this review offers a structured overview of the current academic landscape on alternative traction 
modes in road freight transport, several limitations should be acknowledged. First, the scope of the review was 

limited to peer-reviewed academic publications written in English or German. As a result, relevant studies 

published in other languages or in grey literature may have been neglected, potentially reducing the perspective 

on region-specific practices or policy innovations. Second, the classification framework relied on predefined 
criteria. Although these categories captured key dimensions of the literature, they may have excluded certain 

studies. Third, while the review aimed for objectivity in data extraction and categorisation, the interpretation 

of scenario focus can be partly subjective, particularly in studies that use qualitative approaches. Fourth, the 
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review does not assess the quality or methodological rigor of the individual studies, but rather offers an 

overview of the research areas covered. Finally, the rapid pace of technological and regulatory change in the 

transport sector means that some findings may evolve quickly. 

7. CONCLUSION 

This literature review provides a comprehensive overview of current research on alternative fuels in road 
freight transport. Rather than comparing specific technologies, it assesses the overall scope and focus of 

academic work in this field, indicating which technologies have been studied, along with their geographical 

distribution and research contexts. The analysis shows a clear upward trend in research on diesel substitutes, 

yet notable gaps remain, particularly concerning the diversity of vehicle types and regional coverage. These 
limitations constrain the generalisability of findings and call for a more inclusive research agenda. Greater 

emphasis should be placed on light- and medium-duty vehicles, especially within urban logistics and last-mile 

delivery systems. Additionally, regional disparities should be addressed through context-sensitive approaches 
that account for local infrastructure, policy environments and operational constraints.  

Hydrogen is likely to remain a niche solution, primarily for industrial applications requiring high-

temperature processes or for synthetic fuel production, while biofuels can serve as a transitional option in areas 
where electrification is not yet feasible. However, despite their potential, combustion-based alternatives still 

produce emissions. This explains why many high-income countries increasingly focus on zero-emission 

vehicles, supported by public policies such as subsidies, toll reductions and access to low-emission zones. 

Consequently, BEVs are expected to dominate the future of road freight due to their technological maturity, 
declining costs and the availability of low-carbon electricity. 

Still, the review shows that vehicle technology alone is insufficient. Indeed, large-scale adoption also 

depends on adequate infrastructure and improved coordination among all actors involved. The interdependence 
between charging infrastructure deployment and electric vehicle adoption creates a feedback loop that may 

hinder progress if not properly addressed: insufficient infrastructure slows electric vehicle uptake, while low 

adoption rates discourage further investments in charging networks. Breaking this cycle requires integrated 
planning. Policymakers should also promote collaborative approaches that encourage partnerships between 

shippers and carriers, for instance by supporting joint investments in charging infrastructure. Such measures 

can help accelerate electric truck adoption by reducing individual investment burdens and optimising 

infrastructure use. Ultimately, stronger collaboration between public and private actors is essential to expand 
charging networks and align them with long-term sustainability objectives. To support this shift, future 

research should incorporate real-world freight data to develop more practical and operationally relevant models 

for the decarbonisation of road freight transport. 
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[30] UK economic 
private car, bus, HDT, 

forklift 
BEV, FCEV, ICEV 

[18] East Asia (China) both HDT BEV, FCEV 

[10] not specified both LDV, HGV BEV, FCEV 

[21] EU (Sweden) both HDT ICEV 

[11] North America (US) ecological LCV BEV, EREV 

[31] UK both HDT BEV, ICEV 

[32] EU (Spain) ecological HDT ICEV 
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Reference Geography Perspective Vehicle type Drivetrain technology 

[33] EU (Spain) both truck ICEV 

[34] UK economic MDT, HDT ICEV, HEV, BEV 

[35] not specified ecological HDT ICEV 

[36] South Asia both 
motorcycle, private car, taxi, 

bus, goods vehicle 
ICEV, FCEV, BEV 

[37] EU (Ireland) both HDT ICEV 

[38] EU + UK economic LDT, MDT, HDT ICEV, HEV, BEV, FCEV 

[39] East Asia (China) both MiDT, LDT, MDT, HDT BEV, FCEV, ICEV 

[40] EU (Germany) economic HDT BEV, ICEV 

[41] East Asia (China) economic 
private car, taxi, motorcycle, 

LDT, MDT, HDT 
BEV, FCEV, ICEV 

[42] EU (Germany) economic MDT ICEV, BEV 

[43] East Asia (China) ecological LDT ICEV, BEV 

[44] EU both HDT ICEV, BEV, FCEV 

[45] EU (Germany) both HDT BEV, ICEV 

[46] EU (Germany) ecological HDT ICEV, HEV 

[47] North America (US) both HDT ICEV, FCHEV, BEV 

[48] EU (Greece) ecological MDT, HDT ICEV 

[49] North America (US) ecological LDT, MDT ICEV, HEV, BEV 

[50] North America (US) ecological HDT ICEV, HEV, BEV 

[51] EU (Iceland) both LDV, HDV 
BEV, PHEV, ICEV, HEV, 

FCEV 

[52] South Asia economic LDT, MDT, HDT ICEV, BEV 

[53] East Asia (China) + EU (Germany) ecological private car, HDT, bus FCEV, BEV 

[54] Latin America ecological HDT BEV, ICEV 

[55] EU (Norway) ecological HDT ICEV, FCEV, BEV 

[56] East Asia (China) both LDT ICEV, BEV, PHEV, FCEV 

[7] North America (Canada) both HDT 
ICEV, BEV, PHEV, FCEV, 

PHFCEV, CV 

[57] EU (Germany) both HDT BEV, CV, BSV 

[58] North America (US) economic MDT, bus PHEV, ICEV 

[59] North America (US) ecological 
pick-up truck, LCV, MDT, 

HDT, bus 
ICEV, HEV, BEV, FCEV 

[60] South Asia ecological 
motorcycle, LDT, MDT, 

HDT 
ICEV, BEV 

[61] Latin America both LDT ICEV, BEV 
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Reference Geography Perspective Vehicle type Drivetrain technology 

[62] EU (The Netherlands) ecological private car, van, truck, bus ICEV, BEV, FCEV 

[63] EU (Sweden) both HDT ICEV 

[64] East Asia (China) both private car, LDT, HDT ICEV, BEV, HEV 

[65] North America (US) economic HDT ICEV, BEV, FCEV 

[66] EU (Sweden) both private car, LDT, MDT ICEV, HEV, FCEV, BEV 

[67] East Asia (China) ecological HDT FCEV, ICEV 

[68] North America (US) economic MDT PHEV, EREV 

[66] West Asia ecological HDT ICEV 

[70] North America (Canada) both 
LDT, MDT, HDT, private 
car, van, pick-up truck, bus 

FCEV, BEV, ICEV, PHEV, 
HEV 

[6] North America (US) both HDT ICEV, HEV, BEV 

[71] EU ecological LDT, MDT, HDT  
ICEV, HEV, PHEV, FCEV, 

BEV 

[72] EU (France) both HDT ICEV 

[73] South East Asia both private car, bus, HDT FCEV, BEV, PHEV, ICEV 

[74] North America (US) both 
pushback tractor, inter-

terminal bus 
ICEV, BEV, WPT EV 

[75] North America (US) both 
private car, LDT, MDT, 

HDT 
WPT EV 

[76] North America (US) both LDV, HDT WPT EV, ICEV 

[77] Eu (The Netherlands) economic LCV ICEV, BEV, BSV 

[78] EU economic LCV ICEV, BEV 

[79] EU ecological HDT CV 

[80] North America (US) economic MDT, HDT ICEV, BEV 

[81] North America (US) both private car, MDT, HDT ICEV, BEV 

[14] EU (Spain) both LCV 
ICEV, BEV, FCEREV, 

FCEV 

[82] EU (Germany) both HDT ICEV, BEV 

[83] Oceania ecological private car, LDT ICEV, HEV, PHEV, BEV 

[84] EU + West Asia both truck ICEV, BEV 

[85] EU (Belgium) economic LCV ICEV, BEV 

[86] EU (Germany) +North America (US) both LCV ICEV, BEV, FCEV 

[87] Oceania both HDT ICEV, BEV 

[88] East Asia (China) both HDT ICEV 

[89] EU (Germany) both HDT CV, BEV, ICEV 
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Reference Geography Perspective Vehicle type Drivetrain technology 

[90] East Asia (China) both LCV BEV 

[91] North America (US) both MDT, HDT, bus ICEV, BEV 

[92] Latin America both bus, HDT BEV, ICEV 

[93] North America (US) both HDT ICEV 

[94] UK both HGV ICEV 

[95] EU both LCV ICEV, BEV 

[96] EU + North America (Canada) ecological HDT ICEV 

[97] EU (Spain) both MDT, HDT ICEV, HEV 

[98] East Asia (China) both HDT ICEV, HEV, PHEV 

[99] East Asia (China) economic HDT FCEV, BEV 

[24] North America (US) both HDT FCEV, ICEV 

[100] East Asia (China) economic bus, truck BEV, FCEV, ICEV, HEV 

[101] EU (Germany) ecological HDT, private car ICEV 

[102] EU (Norway) both LCV, HDT ICEV, BEV, FCEV 

[103] North America (Canada) both MDT, HDT ICEV 

[104] North America (US) ecological private car, van, bus, truck HEV, BEV, PHEV 

[105] EU (Italy) economic HDT FCEV, BEV 

[106] North America (US) both truck, private car ICEV, HEV, PHEV, BEV 

[107] EU (Finland, Switzerland) ecological MDT, HDT BEV, ICEV 

[108] Oceania ecological MDT, HDT ICEV, BEV, FCEV 

[109] North America (Canada) both private car, HDT BEV, FCEV, ICEV,  

[110] Oceania ecological HDT ICEV, HEV, BEV 

[111] EU ecological private car, MDT FCEV, BEV, ICEV 

[112] East Asia (China) both bus, HDT, private car ICEV, BEV, FCEV 

[113] North America both HDT BEV, FCEV 

[114] UK economic LCV BEV, PHEV, ICEV, FCEV 

[115] East Asia (China) ecological LDT, MDT, HDT ICEV, BEV, FCEV 

[116] EU (Portugal) both LDT BEV, ICEV 

[117] EU (Spain) ecological HDT ICEV 

[118] EU + North America (US) economic MDT, HDT ICEV, BEV 

[119] North America (Canada) ecological HDT ICEV 

[120] EU (Germany) ecological HDT ICEV, HCV 

[121] East Asia (China) both LDT, MDT ICEV, PHEV, BSV 
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Reference Geography Perspective Vehicle type Drivetrain technology 

[122] EU (Germany) ecological HDT FCEV, ICEV 

[123] North America (Canada) both HDT FCHEV, ICEV 

[124] 
EU (Germany, Sweden) + South Asia + South 

East Asia 
ecological HDT ICEV 

[125] East Asia (China) ecological 
private car, bus, LDT, MDT, 

HDT 
BEV, PHEV, ICEV 

[126] North America (Canada) both LDT ICEV 

[127] UK ecological HGV BEV, ICEV 

[128] North America (Canada) both MDT BEV, ICEV 

[129] South East Asia ecological MDT ICEV, BEV, FCEV 

[130] East Asia (China) ecological personal vehicle, bus, HDT ICEV 

[131] North America (US) both private car, LDT ICEV, BEV, HEV 

[132] North America (Canada) both MDT HEV, ICEV 

[133] East Asia (China) ecological HDT ICEV, FCEV, BEV 

[134] EU ecological HDT ICEV 

[135] East Asia (China) + North America (US) ecological LDT, HDT ICEV, BEV 

[136] North America (US) both LCV, LDT, MDT, HDT FCEV, ICEV 

[137] EU (Hungary) both MDT ICEV, BEV 

[138] not specified ecological HDT ICEV 

[139] North America (US) both LDT ICEV, FCEV 

[140] EU ecological private car, van ICEV 

[141] EU (Sweden) economic HDT ICEV, BEV 

[142] North America (US) both MDT HEV, BEV, ICEV 

[143] not specified both HDT ICEV, FCEV, FCHEV 

[16] EU (Poland) both private car, bus, truck ICEV, HEV, FCEV 

[15] North America (US) both HDT ICEV, HEV, BEV, FCEV 

[144] East Asia (China) both LDV, taxi, bus, HDT, LDT ICEV, BEV 

[145] North America (US) economic MDT, HDT ICEV, BEV, FCEV 

[146] EU ecological HDT ICEV, PHEV, BEV 

[147] EU (Spain) both 
private car, bus, motorcycle, 

truck, van 
ICEV, FCEV 

[148] Global ecological private car, bus, HDT FCEV, BEV, ICEV 

[149] North America (US) economic HDT ICEV, BEV 

[150] East Asia (China) both LDT, HDT ICEV 
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[151] EU (Norway) both HDT FCEV, ICEV 

[152] East Asia (China) ecological HDT, MDT, LDT, MiDT ICEV, FCEV 

[153] EU (Denmark, Sweden) + North America (US) both private car, MDV, HDV BEV, FCEV, ICEV 

[154] EU (Ireland) ecological private car, HDT, bus, LCV ICEV, PHEV, BEV 

[17] North America (US) both HDT ICEV, HEV 

[155] East Asia (China) both 

LDT, MDT, HDT, MiDT, 
bus, minivan, private car, 

motorcycle 
ICEV, BEV, HEV 

[156] EU (Germany, Sweden) + North America (US) both HDT CV, BEV, ICEV 

[157] East Asia (China) ecological bus, LDT, HDT ICEV, BEV 

[158] EU (Iceland) both HDT BEV, FCEV, HEV 

[159] EU (Ireland) both HDT BEV, PHEV, ICEV, FCEV 

[12] EU (Germany) both HDT ICEV, BEV 

[2] East Asia (China) both HDT 
BEV, PHEV, FCEV, CV, 

ICEV 

[160] East Asia (China) both 
bus, HDT, private car, 

logistics vehicle 
FCEV, BEV, ICEV 

[161] East Asia (China) ecological taxi, bus, HDT BEV, ICEV 

[162] East Asia (China) both private car, bus, truck 
FCEV, BEV, ICEV, PHEV, 

HEV 

[163] East Asia (China) ecological 
private car, bus, MiDT, LDT, 

MDT, HDT 
ICEV, BEV, PHEV, FCEV 

[164] UK both 
motorcycle, private car, bus, 

LDT, MDT, HDT 
ICEV, BEV, FCEV, HEV, 

PHEV 

[165] East Asia (China) both 
private car, LDT, bus, HDT, 

motorcycle 
ICEV, BEV, HEV 

[166] North America (US) both LDT, LCV ICEV, BEV, EREV 

[167] North America (US) ecological MDT, HDT ICEV, HEV, BEV, FCEV 

[168] EU (Germany) economic MDT ICEV, BEV 

[169] East Asia (China)+ EU + North America ecological Truck ICEV, HEV 

[170] EU ecological bus, HDT ICEV, BEV, FCEV 

[13] North America (US) ecological LCV, LDT, MDT, HDT ICEV, BEV 

[9] EU (Finland) both HDT BEV, FCEV, FCEREV 

[171] North America (US) both MDT, HDT HEV, BEV, ICEV 

 


