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Abstract: The rapid growth in e-commerce calls for research on the potential of electric vehicles in improving
last mile delivery. Whereas existing studies have examined aspects of last mile delivery, such as challenges,
acceptance/ benefits, and feasibility, the studies are fragmented, with conflicting findings and regional differ-
ences. Thus, there is a need for a comprehensive understanding of the studies to map out current research
trends and propose future research agendas. To address this research gap, a bibliometric review was conducted
on 375 publications from the Scopus database. Findings reveal that pioneering countries like the USA have
researched integrating electric vehicles into last mile delivery systems, focusing on technological advancements
such as battery technologies and smart grids. The sustainability theme is common in most studies, focusing on
controlling carbon emissions and energy efficiency. The electric micro-mobility theme has grown in recent
years, while emerging technologies remain underexplored, especially in developing economies. Future re-
search should address the underexplored areas. These include charging infrastructure, electric micro-mobility
innovations, alongside the social and ethical implications of integrating emerging technologies into electric
vehicles for last mile delivery.
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1. Introduction

Electronic commerce (e-commerce) allows people to order goods online without leaving home
[1]. Globally, sales from e-commerce are projected to reach $8.034 trillion in 2027 from $5.784 trillion
in 2023 [2], a 38.9% growth within four years. The rapid growth in global e-commerce sales is ex-
pected to continue, increasing the demand for last mile delivery. The last dispatch and delivery points
define the last mile structure [3]. Thus, customers need transportation to receive the goods they order
online. The vehicles used in last mile delivery can run on different power sources (i.e., either fossil,
hybrid, or fossil-free) [4]. The last mile process is often the most polluting, inefficient, and expensive
part of the supply chain [3], because it heavily relies on fossil-powered vehicles. This could be at-
tributed to numerous challenges, including logistical challenges (such as sudden change of delivery
routes and unoptimised routing), environmental challenges (e.g., greenhouse gas emissions, air and
noise pollution), infrastructure challenges (for example, traffic congestion and insufficient parking
places), operational challenges (such as vehicle maintenance), and delivery challenges (e.g., fast or
many delivery options) [3]. Traffic concerns, high delivery costs, and unconducive local government
by-laws are common last mile delivery challenges in developing economies such as Kenya [5]. Like-
wise, the increasing volume of goods, costly home delivery, pressure for tight delivery deadlines,
ageing workforce (in developed economies), and sustainability were identified as the main challenges
facing last mile delivery [6]. Similarly, environmental challenges such as negative externalities of ur-
ban congestion, high carbon emissions, habitat loss, noise, and air pollution are common in last mile
delivery [7].

Due to their potential for environmental, economic, and operational benefits in last mile deliv-
ery, electric vehicles are increasingly becoming popular. An electric vehicle is any vehicle that uses
electric or traction motors for its propulsion [8]. These include battery electric vehicles (BEVs), hybrid
electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), fuel cell electric vehicles (FCEVs),
and extended range electric vehicles (EREVs) [9-11]. BEVs run solely on electricity stored in recharge-
able batteries, powered by an electric motor, and have no internal combustion engine (Barbosa et al.,
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2022; Ullah et al., 2023). PHEVs combine a conventional internal combustion engine with an electric
motor and a rechargeable battery [9, 11]. HEVs use a conventional combustion engine and an electric
motor to power the vehicle. The electric motor provides additional power when needed, e.g., during
acceleration, and the internal combustion engine provides range and power for longer trips [9, 11].
FCEVs run on electricity generated by a fuel cell (i.e. using hydrogen as a fuel) to power an electric
motor. They have a more extended driving range after recharging than BEVs [9, 11]. EREVs operate
primarily on electricity stored in a battery, with an internal combustion engine kicking in when the
battery is depleted to extend the driving range [9, 11]. Thus, a variety of electric vehicles can be used
in last-mile delivery.

Sustainability concerns, such as greenhouse gas reduction, energy security and independence,
resource conservation, air pollution reduction, and socioeconomic impacts, are key drivers of the
adoption of electric vehicles [12, 13]. The potential economic impacts of electric vehicles include cre-
ating new manufacturing, maintenance, and charging infrastructure jobs. The potential social im-
pacts of electric vehicles include improved air quality and reduced noise pollution [11, 13], contrib-
uting to better health outcomes and a higher quality of life [13]. Electric vehicles can also offer comfort
and efficiency in operations not provided by gasoline vehicles [8]. Environmental impacts of electric
vehicles relate to reduced greenhouse gas emissions and improved energy efficiency [10, 11]. Green
vehicles (including electric vehicles) may contribute to the alleviation of problems such as environ-
mental pollution, global warming, and oil dependency [14]. Due to being a clean and environmen-
tally friendly mobility option, electric vehicles represent a promising alternative to conventional in-
ternal combustion engine vehicles [11, 15].

Whilst electric vehicles offer numerous benefits, the uptake is hindered by various limitations.
These include infrastructure limitations (such as inadequate charging infrastructure and limited ac-
cess to electricity), affordability (e.g., the high initial cost of electric vehicles, concerns related to bat-
tery replacement and maintenance costs), consumer behaviour and preferences (for example cultural
factors), lack of comprehensive policies and regulations [15], especially in developing economies.
Todorovic et al. [10] identified negative economic impacts of electric vehicles, such as high invest-
ments in infrastructure and car production, changes in the type of employment and business opera-
tions, and personal expenses for purchasing electric vehicles. Singh et al. [12] also noted that eco-
nomic aspects of electric vehicles include the high total cost of ownership, high purchase costs, and
low resale value of electric vehicles. With the advancement of electric mobility, critical materials used
in electric vehicle batteries and electronic equipment tend to be scarce [16]. Disposing of electric ve-
hicle batteries also poses significant environmental concerns due to toxic materials [17]. Operational
barriers such as limited driving range and additional costs in training drivers have hindered the
adoption of electric vehicles in last mile deliveries [18]. In Africa, the challenges confronting the adop-
tion of electric vehicles include high upfront costs, poor grid systems, frequent blackouts, inadequate
infrastructure (e.g. roads and charging systems), and dominance of conventional vehicles [19]. Anx-
ieties related to limited driving range, risk of queueing at charging stations, payload restrictions, and
unreliable grids affect the acceptance of electric vehicles in France and the United Kingdom (UK) [20].
In Italy, insufficient energy infrastructure, high cost of electric vehicles, and insufficient technological
development of batteries are key issues discouraging the switch to electric vehicles for last mile de-
livery [21]. There are notable variations in infrastructure standards across different regions [10]. The
authors noted a need for greater clarity concerning legal matters, inconsistent regulations, and liabil-
ities associated with electric vehicles.

The preceding discussion shows a growing body of research on electric vehicles. Existing studies
have addressed particular aspects of last mile delivery, such as challenges [18, 19], acceptance/ bene-
fits [22], and feasibility [23]. However, there are conflicting findings and regional disparities. Thus,
there is a need for a comprehensive study as the research is currently fragmented. In addition, as e-
commerce grows and electric vehicle technology advances, a bibliometric review can reveal emerging
trends supporting last mile delivery as well as identification of areas which require future research.
A search in the Scopus database using keywords (Article title (“electric vehicle*”) AND (“last mile”
OR “last-mile”) AND (“bibliometric”) did not find any studies directly matching the focus of this
review. Thus, there is a need to investigate the current state of research and propose a future research
agenda for electric vehicles in last mile delivery. This is meant to guide policy formulation and pro-
mote widespread adoption of electric vehicles in last mile delivery. The specific research questions
are:
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1. What are the current trending themes in the study of electric vehicles in last mile delivery?

2. What are the research gaps and proposed future research areas on electric vehicles in last mile deliv-
ery?
The remainder of the paper is organised as follows: Section 2 describes the materials and methods,
Section 3 presents the results, Section 4 discusses findings, and Section 5 presents conclusions.

2. Materials and Methods

This review followed a bibliometric analysis to answer the research questions. Bibliometric anal-
ysis aims to quantify published studies on a specific topic, highlighting existing knowledge and the
trends for new studies [16]. This approach was adopted to identify the topics of electric vehicles that
received the most attention. This will offer insightful information to policymakers and researchers to
guide future technological development in electric vehicles, implementation, and research to address
last mile delivery challenges.

The main categories of bibliometric analysis are performance analysis, which accounts for the
contributions of different research constituents, and science mapping, which focuses on relationships
between research constituents [24]. Performance analysis techniques include the productivity of dif-
ferent research constituents such as authors, institutions, countries, and journals in a field. In contrast,
science mapping techniques include citation, co-citation, co-word, and co-authorship analyses [24].
Thus, this review first presents performance analysis descriptives, followed by science mapping find-
ings to visualise the relationships in the topic.

The required data was searched to conduct the bibliometric analysis, and appropriate data anal-
ysis techniques were applied to achieve the aims of the review. The search strategy involved the
selection of appropriate keywords, database(s), and inclusion criteria. A search was done on the Sco-
pus database on 14 October 2024 using a combination of the following keywords: (Article title, Ab-
stract, Keywords ("electric vehicle*" OR “electric car*” OR “electric bike*” OR “electric scooter*” OR
“electric rickshaw*” OR “electric automobile*” OR “electric truck*” OR “electric mobility” OR “elec-
tric micromobility” OR “EV” OR “BEV” OR “HEV” OR “PHEV” OR “FCEV” OR “EREV” OR “e-
vehicle*” OR “e-car*” OR “e-bike*” OR “e-scooter*” OR “e-rickshaw*” OR “e-automobile*” OR “e-
truck®” OR “e-mobility” OR “e-micromobility” OR ((“battery” OR “plug-in battery” OR “hybrid” OR
“fuel cell” OR “extended range”) AND “electric vehicle*”)) AND ("last mile" OR "last-mile") AND
(“delivery” OR “logistics” OR “distribution” OR “transport*”). The search was limited to journal ar-
ticles, conference papers, review papers, and book chapters published in the English language be-
tween 2010 and 2024. The search provided a total of 434 publications. The Scopus database was used
because it is considered among the largest databases of peer-reviewed scientific literature [25]. Even
though the Scopus and the Web of Science databases index similar journals, the Scopus indexed
66.07% more unique journals than the Web of Science [26]. The 434 publications were manually in-
spected, and those that were not relevant to the topic, without titles or abstracts, were deleted. This
reduced the number to 375 publications, which were then exported as a CSV Excel file for further
analysis. The Bibliometrix package (specifically the Biblioshiny app) was used for performance anal-
ysis and science mapping. Performance analysis (quantitative measures representing authors, jour-
nals, and countries) was used to identify the scholars, sources, and countries that have contributed
the most, as well as identify the dominant themes and trends used in the study of the topic. Science
mapping (citation analysis, co-citation analysis, co-word analysis, and thematic mapping) helped to
identify the dominant themes and trends used in the study of the topic. Table 1 provides the main
information about the data. Even though the search was limited to publications between 2010 and
2024, it was noted that the first publication was in 2013, indicating that this is a young field. The
average citations per publication is high (17.3), highlighting the research’s significant impact and rel-
evance.

Table 1. Main information about the publications (2013 —2024)

Description Results
Timespan 2013:2024
Sources (Journals, Books, etc.) 205

Documents 375
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Annual Growth Rate % -5.61
Document Average Age 2.73
Average citations per doc 17.3
References 13927
DOCUMENT CONTENTS
Keywords Plus (ID) 2149
Author's Keywords (DE) 1069
AUTHORS
Authors 1145
Authors of single-authored docs 18
AUTHORS COLLABORATION
Single-authored docs 19
Co-Authors per Doc 3.7
International co-authorships % 19.73
DOCUMENT TYPES
Article 224
book chapter 25
conference paper 123
Review 3

Source: Authors’ own

3. Results

This section provides a comprehensive description of the results obtained and their interpreta-
tion.

3.1. Performance analysis

Between 2013 and 2015, there was little research on the topic, with no more than ten publications
done per year (Figure 1). This may be attributed to a few government incentives and policies (e.g.,
subsidies on electric vehicles), the slow growth in e-commerce, and most e-commerce companies re-
lying on conventional delivery vehicles. There were incentive policies for revitalising the automobile
industries between 2009 and 2011 [9]. From 2016, there was a double-digit publication growth, rising
from 11 to 15 publications in 2019 (Figure 1). During this period, there were rising environmental
concerns and regulatory pressures for green logistics. The adoption of the Sustainable Development
Goals (SDGs) by the United Nations in 2015 is partly responsible for interest in electric vehicles dur-
ing this period [12]. From 2020, there was a significant increase in publications, rising from 31 to a
high of 80 publications in 2023 (Figure 1). However, a slight decline in publications in 2022 could be
attributed to the impact of Coronavirus disease 2019 (Covid-19) disruptions on research outputs. In
recent years, the growing interest in electric vehicles in last mile delivery can be attributed to techno-
logical advancements, increasing environmental concerns, and energy security [11]. Many govern-
ments have implemented policies to promote environmentally friendly and innovative transport
technology to mitigate the climate change threat brought on by transport sector emissions and mini-
mise dependence on other countries for oil [11]. Thus, the sharp increase in recent years can be at-
tributed to conducive government incentives and policies, increasing environmental regulations (e.g.,
the Paris Agreement), technological advancements, and the rapid growth of e-commerce.
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Figure 1. Number of publications on EVs in LMD research (2013 — 2024). Source: Authors” own.

3.1.1. Most productive sources- journals

The top-ranked journal is Transport Research Part D: Transport and Environment, with 914 ci-
tations, an h-index of 13, and a g-index of 17 calculated from 2017 (Table 2), thus the most influential
journal. The Sustainability journal is ranked second with 380 citations, an h-index of 9, and a g-index
of 17, calculated from 2015 (Table 2). The two journals cover a broad range of topics. In contrast, the
World Electric Vehicle Journal and the Transportation Research Part C: Emerging Technologies cover
specialised research topics. The Transportation Research Part C: Emerging Technologies journal has
five publications with 469 citations (Table 2), implying highly impactful studies. The journal focuses
on specialised topics such as machine learning and artificial intelligence in electric vehicles. The Eu-
ropean Journal of Operational Research is relatively new, starting its publication in 2022 with an m-
index of 1.667 (Table 2), implying a few highly impactful studies. The studies focus on optimisation
and modeling problems in last-mile delivery (route optimisation, and energy consumption model-
ing). The Energies journal and the Transportation Research Part A: Policy and Practice started pub-
lishing in 2020, each with a high m-index of 1.6 (Table 2), implying few high-impact studies despite
being new.

SCImago ranks all the listed journals in different subject categories. Journals such as Sustaina-
bility, Energies, Journal of Transport Geography, Environmental Science and Technology, Sustaina-
ble Cities and Society, and the 2020 Forum on Integrated and Sustainable Transportation Systems
cover sustainability subject. The Transportation Research Part C: Emerging Technologies, the Lecture
Notes in Computer Science (Artificial Intelligence and Bioinformatics), the IEEE Access journal, and
the 2021 International Conference on Models and Technologies for Intelligent Transportation Sys-
tems focus on technological innovations. The World Electric Vehicle Journal and the 2013 World Elec-
tric Vehicle Symposium and Exhibition focus on electric vehicles, while the European Journal of Op-
erational Research focuses on operational research. The Transportation Research Part A: Policy and
Practice, and the Case Studies on Transport Policy focus on policy and regulation. The journals fo-
cusing on operations and transportation cover issues such as routing problems, operational costs,
and range anxiety resulting from electric vehicles. The journals focusing on sustainability cover issues
like carbon emission control and improved energy efficiency. The journals focusing on technological
innovations cover technological advancements in electric vehicles, such as routing algorithms, and
battery technologies. Thus, the multidisciplinary approach is essential in considering all perspectives
from different subject categories to understand electric vehicles fully. Combining insights from trans-
portation, operational research, sustainability, and technological innovations can lead to more com-
prehensive and innovative electric vehicle solutions for last mile delivery. For instance, integrating
operational research findings on route optimisation with battery technology from technological in-
novation journals would extend electric vehicle range and reduce delivery times.

Table 2. Top 20 most productive journals on EVs in LMD research (2013 — 2024).
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Rank Journal g-in- m-in-
h-index dex dex TC NP PY_start
1 Transportation Research Part D:
Transport and Environment 13 17 1.625 914 17 2017
2 Sustainability 9 17 0.900 380 17 2015
3 Energies 8 13 1.600 186 13 2020
4 Transportation Research Part A:
Policy and Practice 8 10 1.6 378 10 2020
5 Journal of Transport Geography 6 8 1 164 8 2019
6 Transportation Research Procedia 6 8 0.667 156 8 2016
7 European Journal of Operational
Research 5 5 1.667 8 5 2022
8 Transportation Research Part C:
Emerging Technologies 5 5 0.556 469 5 2016
9 Case Studies on Transport Policy 4 7 1.000 88 7 2017

10  Lecture Notes in Computer Science
(Including Subseries Lecture Notes
in Artificial Intelligence and Lec-

ture Notes in Bioinformatics) 4 5 0.444 29 6 2016

11 Sustainable Cities and Society 4 5 1.000 186 5 2021

12 World Electric Vehicle Journal 4 6 0.333 59 6 2013
13 2013 World Electric Vehicle Sym-

posium and Exhibition, EVS 2014 3 3 0.273 20 3 2014

14 Applied Sciences 3 3 0.750 23 3 2021
15 Environmental Science and Tech-

nology 3 3 0.600 68 3 2020

16 IEEE Access 3 4 0.600 93 4 2020

17 Transportation Research Record 3 7 0.333 63 10 2016

18 2020 Forum on Integrated and Sus-
tainable Transportation Systems,
Fists 2020 2 2 0.4 7 2 2020
19 2021 7th International Conference
on Models and Technologies for In-
telligent Transportation Systems,

Mt-Its 2021 2 2 0.5 19 2 2021
20 Computers and Industrial Engi-
neering 2 3 0.333 66 3 2019

Source: Authors’ own

3.1.2. Most productive authors

Table 1 shows 1 145 authors have contributed to research on the topic, with 18 (1.6%) being single
authors. This suggests a collaborative research approach to the topic. The top three researchers (i.e.,
Andaloro L., Antonucci V., and Napoli G.) have the highest impact and productivity on the topic,
each with five publications, 72 citations, a h-index of 4, and a g-index of 5 calculated from 2014 (Table
3). They have co-authored five publications focusing on infrastructure for smart cities (e.g., charging
stations) and electric vehicle technological innovations (e.g., energy storage and battery technology).
These are groundbreaking studies published in high-impact journals, likely to promote the uptake of
electric vehicles in the last mile delivery. Emerging researchers (such as Hosseinzadeh A. and Kluger
R.) have a high m-index of 0.75 and 202 citations from the three publications calculated from 2021
(Table 3), an indicator of groundbreaking studies. They have co-authored three studies focusing on
the factors influencing the use of electric micro-mobility (the use of small, low-speed, electric-pow-
ered vehicles such as electric bikes and electric scooters) in last mile delivery. The most recent re-
searcher is Kepaptsoglou K, who has a high m-index of 1.5 from the four publications calculated from

d0i:10.20944/preprints202412.1599.v1
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2023 (Table 3), an indicator of groundbreaking studies. The author focuses on using electric micro-
mobility (e.g. e-bikes and e-scooters) in last mile delivery. Veteran researchers (such as Lebeau P.,
Macharis C., and Van Mierlo ].) each have 113 citations from the three publications, having started
their publication in 2013 (Table 3), suggesting a sustained contribution and possibly more founda-
tional work on electric vehicles in last mile delivery. They have co-authored three publications focus-
ing on how electric vehicles affect delivery efficiency, environmental benefits, and operational per-
formance compared to conventional vehicles.

Table 3. Top 20 most productive authors on EVs in LMD research (2013 - 2024)

Rank Element h_index g _index m_index TC NP PY_start

1 Andaloro L 4 5 0.364 72 5 2014

Antonucci V 4 5 0.364 72 5 2014
3 Napoli G 4 5 0.364 72 5 2014
4 Sergi F 4 4 0.364 44 4 2014
5 Bielinski T 3 3 0.600 222 3 2020
6 Hosseinzadeh A 3 3 0.75 202 3 2021
7 Keoleian G 3 3 0.750 36 3 2021
8 Kepaptsoglou K 3 4 1.500 36 4 2023
9 Kluger R 3 3 0.75 202 3 2021
10 Lebeau P 3 3 0.250 113 3 2013
11 LiZ 3 4 0.75 195 4 2021
12 Macharis C 3 3 0.250 113 3 2013
13 Micari S 3 3 0.300 51 3 2015
14 Northrop W 3 3 0.500 48 3 2019
15 Simic V 3 3 0.6 122 3 2020
16 Van Mierlo | 3 3 0.250 113 3 2013
17 Vasan A 3 5 0.375 25 5 2017
18 Wazna A 3 3 0.600 222 3 2020
19 Catay B 3 4 0.500 65 4 2019
20 Agnello G 2 2 0.200 23 2 2015

Source: Authors’ own

3.1.3. Most productive countries

The top five countries based on the frequencies of scientific production (i.e., by corresponding
authors) are the United States of America (USA (227), Germany (157), Italy (135), India (123), and
China (103) (Table 4). The high ranking of the USA can be attributed to government policy pushing
for electric vehicle adoption, which is expected to ensure that half of new passengers and trucks sold
in the country have zero emissions by 2030 [27]. In China and the USA, the rapid expansion of e-
commerce companies like JD.com, Alibaba, and Amazon are at the forefront of experimenting with
new delivery vehicles such as electric vehicles. The high rankings of the USA and China relate to
pioneering research on integrating electric vehicles into last mile delivery systems, focusing on tech-
nological advancements such as autonomous driving, battery technologies, and smart grid integra-
tion. Germany's and Italy's high rankings result from their automotive companies' contributions to
the development of innovative electric vehicle technologies. Emerging markets like India’s ranking
can be attributed to research aimed at overcoming local challenges and promoting electric vehicle
adoption (mostly e-scooters). Brazil, an emerging economy, is ranked 16th (Table 4), with research
focusing on electric vehicle technology adaptation and infrastructure development to address urban
mobility and environmental challenges. No African country was among the top 20 most productive
countries (Table 4), underscoring a significant regional disparity in scientific research. Thus, the lead-
ing countries have contributed substantially to research on electric vehicles in last mile delivery. This
includes policy analysis, battery technology, and charging infrastructure. The emerging countries are
addressing local challenges and opportunities related to electric vehicle adoption.

Table 4. Top 20 countries’ scientific production on EVs in LMD research (2013 — 2024)
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Rank Country Frequency
1 USA 227
2 Germany 157
3 Italy 135
4 India 123
5 China 103
6 Greece 65
7 Spain 54
8 South Korea 38
9 UK 35
10 Netherlands 33
11 Poland 32
12 Turkey 28
13 Sweden 26
14 France 25
15 Australia 23
16 Brazil 22
17 Belgium 21
18 Canada 20
19 Portugal 19
20 Japan 16

Source: Authors’ own

3.2. Science mapping
3.2.1. Co-authorship analysis

The USA has the highest collaboration rate, mainly with Canada, China, India, and European
countries (Figure 2). The USA’s collaborations (specifically with India) focus on integrating electric
vehicles (e.g. e-scooters) by evaluating challenges and barriers to their adoption. In Europe, the
United Kingdom has the highest rate of collaboration with Sweden (Figure 2), showing intraconti-
nental collaborations. In Asia, China has the highest collaboration rate, mainly with Australia and
Korea (Figure 2). China’s collaborations with Australia focus on two-wheeled transport (e.g., e-bikes),
green vehicle routing, and efficient e-scooter charging solutions. Africa has a low rate of collaboration
(Figure 2). While Tunisia collaborates with Luxembourg, Morrocco collaborates with France. Studies
in Nigeria explored challenges to adopting electric vehicles (e.g., scarce infrastructure, affordability
issues, and unequal access to energy) and opportunities for renewable energy utilisation. Tunisia’s
collaboration with Luxembourg explored the potential for modular electric vehicles to improve last
mile delivery efficiency (e.g., by addressing challenges of limited battery capacity and optimising
vehicle routing). Thus, the USA, China, India, and a few European countries dominate the research
on electric vehicles in last mile delivery.
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Country Collaboration Map

Longitude

Latitude

Figure 2. Country collaborations map on EVs in LMD research (2013 —2024).
Source: Authors” own

3.2.2. Co-citation analysis

Authors are split into several clusters, defined by the similarity of the research areas in which
the author works [10]. Similarity in a research topic is measured by the frequency with which two
publications are cited together [11]. Figure 3 shows three major themes: The main cluster (orange) led
by Schneider M. (2014) forms the core of the network and is likely to be a foundational study in the
topic. Schneider (2014) explores the theme of electric vehicle performance (i.e. the electric vehicle
routing problem due to the limited battery capacities and vehicle freight capacities). The second clus-
ter (red) includes Smith C.S. (2018) and Gossling S. (2020) exploring policy implications for the adop-
tion of electric vehicles, e.g., infrastructure and dedicated parking. The third cluster (blue), led by
Hardt C. (2019) and Gruber J. (2014), relates to the use of electric micro-mobility, e.g., e-scooters and
e-bikes in last mile delivery. The connection between the red and blue clusters implies a need to make
policy-driven decisions when using electric micro-mobility. The isolated cluster (green) led by Ar-
nold F. (2018) and Melo S. (2017) relates to case studies. All the clusters are isolated from each other,
an indicator of early phases of research on the topic. A more mature research topic looks at influences
between topics, resulting in interconnected clusters.
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Figure 3. Co-citation network on EVs in LMD research (2013 — 2024). Source: Authors” own

3.2.3. Co-word analysis

The analysis identified 2 149 keywords plus on electric vehicles in last mile delivery publications
(Table 1). The high number of keywords highlights the topic’s diverse range of research. In addition,
Table 5 lists the top 50 most frequently used keywords. From the top 50 keywords, the four main
themes include sustainability, technological innovations, operational efficiency, and electric micro-
mobility. The operational efficiency of electric vehicles includes keywords like fleet operations, vehi-
cle routing, optimisation, costs, travel time, and transport planning (Table 5). The performance of
electric vehicles has a positive effect on the intention to buy the vehicles [11]. The theme of techno-
logical innovations includes keywords like secondary batteries, charging (batteries), integer pro-
gramming, learning systems, routing algorithms, drones, autonomous vehicles, and automation (Ta-
ble 5). Optimising routes using advanced routing algorithms and advances in battery technology is
crucial for the widespread adoption of electric vehicles in last mile delivery. Many researchers have
recently focused on developing advanced battery systems due to the high demand for alternative
secondary batteries [9]. The sustainability theme includes keywords like energy utilisation, sustaina-
ble development, greenhouse gases, sustainability, energy efficiency, traffic congestion, carbon diox-
ide, emission control, environmental impact, energy management, and life cycle (Table 5). The uptake
of electric vehicles in last mile delivery is often motivated by the aim to achieve Sustainable Devel-
opment Goals by reducing greenhouse gas emissions, especially carbon dioxide, in urban areas. The
theme of electric micro-mobility includes keywords such as micro-mobility, cycle transport, electric
scooters (e-scooter), and electric bikes (Table 5). The electric micro-mobility alternatives are becoming
common in last mile delivery over short distances in urban areas. Thus, co-word analysis shows that
embracing electric vehicles for last mile delivery can help in operational efficiency and sustainable
transportation in last mile delivery.

Table 5. Top 50 most frequent words on EVs in LMD (2013 - 2024)

Rank Rank Occur-
Word(s) Occurrences Word(s) rences

1 urban transportation 54 26 public transportation 13

2 fleet operations 43 27 traffic congestion 13

3 public transport 37 28 carbon dioxide 12

4 vehicle routing 37 29 drones 12

5 energy utilisation 33 30 electric bikes 12

6 micro-mobility 33 31 urban areas 12
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7 secondary batteries 31 32 carbon footprint 11
8 sustainable development 31 33 optimisation 11
9 charging (batteries) 28 34 autonomous vehicles 10
10 freight transportation 26 35 costs 10
11 greenhouse gases 26 36 decision making 10
12 urban transport 25 37 energy-consumption 10
13 cycle transport 21 38 learning systems 10
14 travel time 21 39 optimisations 10
15 energy efficiency 19 40 routing algorithms 10
16 sustainability 19 41 sales 10
17 transportation plan-

vehicle routing problems 19 42 ning 10
18 electric scooters 18 43 urban area 10
19 integer programming 17 44 automation 9
20 freight transport 16 45 behavioral research 9
21 travel behavior 16 46 covid-19 9
22 city logistics 15 47 e-scooter 9
23 environmental impact 15 48 energy management 9
24 gas emissions 14 49 greenhouse gas 9
25 emission control 13 50 life cycle 9

Source: Authors’ own

A word trend analysis was used to understand word growth over time. In the early stages (2013
to 2015), the words electric vehicle(s) and urban transportation were common (Figure 4), although
the frequencies were relatively low. The words last mile and fleet operations were used from 2014
(Figure 4), although they did not report significant frequencies. During this period, interest in electric
vehicles for last mile delivery was limited. Most e-commerce businesses relied on conventional de-
livery vehicles. The moderate growth period between 2016 and 2019 saw a moderate increase in the
frequencies of the words electric vehicle(s), urban transportation, and last mile (Figure 4). The signif-
icant growth period between 2020 and 2023 saw the highest frequencies of the words electric vehi-
cle(s) and last mile (Figure 4). Energy utilisation, vehicle routing, fleet operations, urban transporta-
tion, public transport, and bicycles also reported significant rise in frequencies (Figure 4). Thus,
growth in words over time moved from broad (e.g. electric vehicles, last mile, and urban transport)
to specific (energy utilisation, vehicle routing, and fleet operations).

Words' Frequency over Time

100

Cumulate occurrences

2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

Year

Term

Figure 4. Words’ frequency over time on EVs in LMD research (2013 — 2024) Source: Authors’ own

3.2.4. Thematic mapping
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Thematic mapping of published documents helps to discover themes in a field: motor, basic,
emerging or declining, and niche themes [28]. Figure 5 shows motor themes (quadrant one), which
are central and developed; basic themes (quadrant two), which are central but undeveloped; emerg-
ing or declining themes (quadrant three), which are peripheral and undeveloped; and niche themes
(quadrant four), which are peripheral but developed [29, 30].

emission control
sales
life cycle
autonomous vehicles
greenhouse gas
human
carbon footprint
automation vehicles

urban transportation

$ public transport

g bicycles

BB | ] micro-mobility
58 sustainable development
g freight transportation

a

urban transport
cycle transport
fleet opkrations travel time
vehicleirouting
energy Uutilization
truq';ks
secondary batteries
charging Ebatteries)
vehicle routi:ng problems

integer proagramming

Relevance degree
(Centrality)

Figure 5. Thematic map on EVs in LMD research (2013 —2024). Source: Authors’ own

The motor theme (quadrant one) relates to electro-mobility (Figure 5), forming the foundation
of discussions around electric vehicles. The keywords represented in this theme include electric ve-
hicles and urban transportation. The finding might imply that electric vehicles are crucial in address-
ing urban transportation challenges. The basic theme (quadrant two) relates to electric micro-mobility
(Figure 5), which is considered fundamental but has yet to mature. The keywords in the theme are
bicycles, micromobility, cycle transport, urban transport, and public transport. Since the theme is
relevant but underexplored, more research is required to fully exploit the potential of electric micro-
mobility in urban areas for last mile delivery. The niche theme (quadrant four) relates to environ-
mental sustainability (Figure 5) and is considered mature, i.e., well-established and still relevant. The
keywords in the niche theme include greenhouse gases, emission control, and lifecycle. Emission
control refers to decreasing greenhouse gas emissions, like carbon dioxide, contributing to climate
change [12]. Todorovic et al. [10] noted that the main reasons for introducing electric vehicles are
environmental factors, i.e., greenhouse gas emission reduction and targeting net zero emission. The
high uptake of electric vehicles can potentially reduce environmental carbon footprint [11]. As such,
electric vehicles offer an opportunity to control emissions and reduce carbon footprint. At the inter-
section of quadrant three (the emerging or declining theme) and quadrant two (the basic theme) are
two themes: technological innovations (keywords such as secondary batteries and integer program-
ming) and operational efficiency (keywords such as fleet operations, vehicle routing, and energy uti-
lisation). As basic themes, there is potential for technological innovations to improve the operational
efficiency of electric vehicles in last mile delivery. As emerging themes, the specific application of
technological innovations such as integer programming and charging (batteries) might still be in the
early stages. Limited driving range, reduced payload, uncertain battery lifespan, and long recharge
waiting times are among the challenges of electric vehicle adoption in final parcel delivery [18].

3.2.5. Citation analysis
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Citation analysis will help to identify the seminal publications on electric vehicles in last mile
delivery. Table 6 presents the ten most cited publications on electric vehicles in last mile delivery.
The most cited publication with 862 citations was by Schneider et al. [31], which focuses on electric
vehicle-routing problems with time windows and recharging stations (i.e., an operational aspect of
electric vehicles). The high total citations imply that this is a groundbreaking work on the topic, ad-
dressing the operational challenge of integrating electric vehicles in last mile delivery.

Table 6. Top 10 most cited publications on EVs in LMD (2013 — 2024)

Rank Authors Total Title Journal
cita-
tions Summary
1. Schneider et al. The electric vehicle Transportation The paper considered the electric ve-
[31]. routing problem with Science hicle routing problem with limited
time windows and re- time windows, freight capacities,
charging stations and charging stations. A recharging
scheme (i.e., a hybrid heuristic com-
bining variable neighbourhood
search and tabu search) was pro-
895 posed, showing high performance.
2. Campbell et al. Factors influencing Transportation Re- | A survey on factors influencing the
[32]. the choice of shared search Part C: choice of shared e-bikes in Beijing
bicycles and shared | Emerging Technol- | found that trip distance, high tem-
electric bikes in Bei- ogies peratures, and poor air quality nega-
jing. tively impact bike-share demand.
Even though e-bike sharing is attrac-
tive as a bus replacement, it is un-
clear if it is attractive as a last mile
353 solution.
3. Sanders et al. To scoot or not to Transportation A survey in the USA found that e-
[33]. scoot: Findings froma | Research Part A: scooters are a convenient travel op-
recent survey about | Policy and Practice | tion during hot weather compared
the benefits and barri- to walking. However, traffic safety
ers of using e-scooters concerns and the unavailability of
for riders and non- working equipment when needed
161 riders were noted among the barriers.
4. Figliozzi [34]. Lifecycle modeling Transportation Re- The study presented a framework
and assessment of un- search Part D: showing that UAVs can significantly
manned aerial vehi- Transport and En- reduce CO2 emissions and energy
cles (drones) CO: vironment consumption compared to diesel ve-
emissions. hicles. However, they are less effi-
cient than electric vans and tricycles
for larger payloads and denser de-
139 liveries.
5. Yang et al. [35]. Safety of micro-mo- | Accident Analysis The study examined media reports
bility: analysis of e- and Prevention to identify safety concerns related to
scooter crashes by the rise of shared e-scooter systems
mining news reports in the USA. A total of 169 incidents
were reported between 2017 to 2019,
highlighting the need for safety
measures such as helmet use and not
137 riding under influence.

6. Kirschstein [36]. Comparison of en- Transportation Re- | The paper presented an energy con-
ergy demands of search Part D: sumption model for drones, compar-
drone-based and Transport and En- ing their energy demand to diesel

131 vironment and electric trucks. Results showed
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ground-based parcel that a stationary drone-based parcel
delivery services delivery system requires more en-
ergy than a truck-based parcel deliv-
ery system, particularly in urban ar-
eas where customer density is high,
and truck tours are comparatively
short.
7. Scheltes & de Exploring the use of | International Jour- | The paper explored an Automated
Almeida Correia automated vehicles as | nal of Transporta- Last Mile Transport system using
[37]. last mile connection tion Science and driverless electric vehicles to im-
of train trips through Technology prove last mile performance of a trip
an agent-based simu- done in a train in Netherlands. Find-
lation model: An ap- ings showed that the system com-
plication to Delft, petes with the walking mode but re-
Netherlands quires improvements such as allow-
ing pre-booking and driving at
126 higher speeds.
8. Bielinski & Electric scooter shar- Sustainability The study investigated user behav-
Wazna [38]. ing and bike sharing iour/ characteristics of e-scooters
user behaviour and and bike sharing in Poland. Results
characteristics. showed that the public e-bike shar-
ing system was more popular than
e-scooter sharing, with residents cit-
ing concerns about e-scooter safety,
high prices, and lack of perceived
usefulness. However, both systems
suffer from limited availability and
123 fleet size, affecting user satisfaction.
9. Hosseinzadeh et E-scooters and sus- Sustainable cities
al. [39]. tainability: Investigat- and society
ing the relationship The study aimed to identify spatial
between the density factors associated with scooter trips
of e-scooter trips and in the USA. Results showed that
characteristics of sus- commercial and industrial land use,
tainable urban devel- scores of walks and bikes influenced
106 opment. the trip density of e-scooters.

10. Liang et al. [40]. Optimising the ser- Transportation Re- The study developed a model for
vice area and trip se- | search Part E: Lo- optimising automated taxi systems
lection of an electric gistics and Trans- | for last mile connectivity to train sta-
automated taxi sys- portation Review tions in Netherlands. Results found
tem used for the last that having electric automated taxis

mile of train trips. constrained the system for small
fleets because they lacked time for
101 charging.

doi:10.20944/preprints202412.1599.v1

Source: Authors’ own.

Publications in Table 6 show that the dominant theme is sustainability. Several publications in
the list focus on the environmental benefits of electric vehicles and alternative delivery vehicles [34,
36]. The studies emphasise the potential of electric vehicles to reduce energy consumption and carbon
emissions in last mile delivery. There is research interest in electric micro-mobility [32, 33, 35, 38], and
autonomous vehicles [34, 36] in last mile delivery. The study by Campell et al. [32] has a high number
of citations (346 citations) highlights the growing interest in electric micro-mobility in congested cities
such as Beijing. The studies on electric micro-mobility focus on their potential in last mile delivery,
safety concerns, and user behaviour. While Yang et al. [35] highlighted the need for e-scooter safety
measures, such as the use of helmets, Saunders et al. [33] noted barriers to using e-scooters, such as


https://doi.org/10.20944/preprints202412.1599.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 December 2024 d0i:10.20944/preprints202412.1599.v1

traffic safety concerns and equipment unavailability. Autonomous vehicles like drones and robots
have the potential to further reduce carbon emissions and energy consumption compared to electric
vehicles [34, 36]. However, there is a lack of research on integrating emerging technologies (e.g., ar-
tificial intelligence, data analytics, and internet-of-things) in electric vehicle research for last mile de-
livery. Several studies also focus on users' acceptance of electric vehicles [32, 33, 38]. Distance, safety,
price/ cost, environmental conditions, and perceived usefulness influence user acceptance of electric
vehicles in last mile delivery. Thus, the topics tend to be broad (e.g., deliveries utilising air and
ground autonomous vehicles, drone-based and ground-based parcel delivery services) or narrow
(e.g., shared e-bikes and e-scooters). The publications show a theme on infrastructure and charging
networks, which are required to support the adoption of electric vehicles in last mile delivery. Schnei-
der et al. [31] indicated that the use of electric vehicles in last mile delivery requires careful route
planning due to limited recharging stations. Hosseinzadeh et al. [39] stress integrating electric mobil-
ity into urban planning and land use examining spatial factors (such as commercial and industrial
land use). The list of studies on the topic also shows the geographic diversity of studies, e.g., Beijing
[32], the USA [33, 35, 39], the Netherlands [37, 40], and Poland [38]. This highlights the importance of
context-specific electric vehicle solutions in last mile delivery.

4. Discussion

The rapid growth in e-commerce calls for urgent research on the potential of electric vehicles in
transforming last mile delivery. Although some studies have addressed particular aspects of last mile
delivery, such as challenges [18], acceptance [22], and feasibility [23], there is a need for a compre-
hensive study as the research is currently scattered. Performance analysis reveals that leading authors
such as Andaloro L., Antonucci V., and Napoli G. have extensively researched electric vehicle tech-
nological innovations (such as energy storage and battery technology) and infrastructure for smart
cities (e.g., charging stations). In contrast, emerging authors like Hosseinzadeh A. and Kluger R. have
researched factors influencing the use of electric micro-mobility (e.g. electric bikes and electric scoot-
ers) in last mile delivery. The USA, Germany, Italy, India, and China are top-ranked scientific pro-
ducers in the topic. This is reinforced by the country collaboration map, which shows considerable
international input into research on the topic, especially from the USA and China. The USA and China
have conducted pioneering research on integrating electric vehicles into last mile delivery systems,
focusing on technological advancements such as autonomous driving, battery technologies, and
smart grid integration. Among leading countries in electric vehicle research, the USA has contributed
significantly to charging infrastructure, battery technology, environmental issues, and policy analysis
[11, 12]. In contrast, little research from African countries highlights regional disparity in research
contributions. The country collaboration analysis identified that Tunisia collaborates with global re-
searchers, exploring the potential for modular electric vehicles to improve last mile delivery efficiency
(e.g., by addressing challenges of limited battery capacity and optimising vehicle routing). The po-
tential of modular vehicles might be overstated in African countries without considering other fac-
tors, such as economic feasibility and infrastructural limitations. Nigeria’s collaborations explored
challenges to adopting electric vehicles (e.g., scarce infrastructure, affordability issues, and unequal
access to energy) and opportunities for renewable energy utilisation. The collaborative approach em-
phasises the importance of teamwork and shared expertise across disciplines in advancing research.
Ullah et al. [11] noted that collaborations can assist researchers in developing joint ventures and ex-
changing innovative technologies and ideas. Analysis of the top-ranked journals revealed that there
is a broad range of journals, such as the Sustainability Journal and the Transport and Research Part
D: Transport and Environment. The broad journals emphasise sustainability (e.g., environmental),
technological innovations (e.g., electric vehicles), and operational (e.g., transportation) aspects. The
specialised journals like the Transport Research Part C: Emerging Technologies and the World Elec-
tric Vehicle Journal explore areas like machine learning and artificial intelligence in electric vehicles.
The newer journals, like the European Journal of Operational Research and Transportation Research
Part A, explore areas like optimisation and policy solutions.

The critical themes used to study electric vehicles in last mile delivery were identified. Thematic
mapping reveals that sustainability is critical in using electric vehicles in last mile delivery. Oe and
Abdullah [41] agree that sustainability is a central theme in business initiatives and developing new
ideas, innovations, and products (e.g., electric vehicles). Analysis of the top cited publications rein-
forces that electric vehicles are associated with environmental benefits such as reduced carbon


https://doi.org/10.20944/preprints202412.1599.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 December 2024 d0i:10.20944/preprints202412.1599.v1

emissions and energy consumption in last mile delivery [34, 36]. Electric micro-mobility is a common
theme in the research on electric vehicles in last mile delivery. The role of micro-mobility might ex-
pand, especially in densely populated areas where the other types of electric vehicles are less efficient.
For instance, analysis of the most cited publications highlights the growing interest in electric micro-
mobility in congested cities such as Beijing [32]. The studies on electric micro-mobility focus on the
potential to further reduce carbon emissions and energy consumption compared to electric vehicles.
The co-word analysis reinforces the electric micro-mobility theme using keywords such as micro-
mobility, cycle transport, electric scooters (e-scooters), and electric bikes. The electric micro-mobility
alternatives are becoming common in last mile delivery over short distances in urban areas to address
the growing sustainability concerns in last mile delivery. However, analysis of the most cited publi-
cations revealed a need for more research on integrating emerging technologies (e.g., data analytics,
artificial intelligence, and internet-of-things) in the use of electric vehicles for last mile delivery. For
instance, artificial intelligence can be used to optimise delivery routes through the use of real-time
data on weather, traffic, and charging stations availability, resulting in efficiency in last mile delivery.
The co-citation analysis revealed a foundational study on electric vehicle performance (i.e. the electric
vehicle routing problem due to the limited battery capacities and vehicle freight capacities [31]. In
addition, Smith (2018) and Gossling (2020) explored policy implications for adopting electric vehicles,
e.g., infrastructure and dedicated parking.

Thematic mapping identified two central themes: electric micro-mobility and technological in-
novations. These are considered fundamental but yet-to-mature themes. Electric micro-mobility can
reduce operational costs in last mile delivery compared to other electric vehicles. However, wide-
spread adoption may be hindered by infrastructure limitations, limited battery life, and safety con-
cerns for riders. Secondary batteries are one technological advancement that can significantly in-
crease the operational efficiency of electric micromobility. Further analysis of the most cited publica-
tions revealed that distance, safety, price/ cost, environmental conditions, and perceived usefulness
influence user acceptance of electric vehicles in last mile delivery [32, 38]. Therefore, it is necessary to
intensify research efforts to overcome the economic, operational, technological, and infrastructural
challenges to increase the uptake of electric vehicles in last mile delivery.

5. Conclusions

Notably, there is an increasing trend in research on electric vehicles in last mile delivery, a pos-
itive sign for the future of e-commerce. This could be attributed to the electric vehicles” economic,
environmental, and operational advantages. Research on electric vehicles in last mile delivery re-
volves around four themes, namely sustainability, electric micro-mobility, electric vehicle perfor-
mance/ operational efficiency, and charging infrastructure/ technological innovations. The future re-
search agenda will focus on addressing several research gaps relevant to these four themes.

e  Developing economies, particularly in Africa, face unique last mile delivery challenges, yet little re-
search originates from these countries. Future research in developing economies should focus on
electric vehicle charging infrastructure and operational feasibility to support last mile delivery (e.g.,
energy grid capacity and location of charging stations). In addition, future research on charging in-
frastructure should focus on systemic challenges faced by developing countries. These include exter-
nal shocks such as power blackouts, inadequate transport policies, lack of government support, and
logistical inefficiencies.

e  Although sustainability dominates research on electric vehicles in last mile delivery, more focus is on
environmental issues, giving little attention to social and economic issues. Patella et al. [14] assert that
sustainability includes environmental, economic, and social considerations in evaluating logistics
configurations. The future research agenda will need to focus on integrating social issues into re-
search on electric vehicles for last mile delivery. These may include safety, standards/ regulations,
ethical and privacy concerns arising from using electric vehicles in last mile delivery. The future re-
search agenda will also need to focus on integrating economic issues into research on electric vehicles
in last mile delivery. These include analysing funding models for charging infrastructure, consumers’
willingness to pay for electric vehicle delivery options, potential for job creation, and the role of eco-
nomic policies in promoting the uptake of electric vehicles in last mile delivery.

e  While interest in electric micro-mobility is growing, particularly in congested cities, the focus remains
on acceptance/ adoption. Electric micro-mobility (e.g., e-bikes and e-scooters) could support the pen-
etration and acceptability of electric vehicles because they are considered a sustainable mobility
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option for city logistics [42]. Thus, future research should focus on underexplored areas like micro-
mobility charging infrastructure, advancements in micro-mobility battery technologies, regulatory
barriers, and safety concerns.

e  While technological advancements dominate research on electric vehicle performance in last mile
delivery, little attention is given to emerging technologies (such as artificial intelligence, data analyt-
ics, and the internet-of-things). Future research should focus on how the use of electric vehicles can
benefit from integrating these emerging technologies to improve last mile delivery. In addition, eth-
ical issues such as perceived safety, data security, and privacy will be on the rise, and future research
should explore these issues arising from using emerging technologies.

The current review is limited to findings from publications extracted from the Scopus database. Other
databases, such as Web of Science and Science Direct exist and should be considered for future re-
search to include any publications that might have been missed. This review also focused on specific
keywords for a meaningful analysis. Despite being relevant, future researchers can expand the search
criteria to undertake a more comprehensive search as more innovations emerge in the electric vehicle
industry. In agreement, Mogire et al. [43] concluded that electric vehicles are expected to continue
evolving to support last mile delivery. Overall, this bibliometric review extends knowledge of the
current state of research. It has provided a comprehensive understanding of the dominant themes
used in current research on electric vehicles in last mile delivery. Thus, sustainability and technolog-
ical advancements are the main drivers for the increased use of electric vehicles in last mile delivery.
Managers should concentrate on investing in sustainable technological innovations such as electric
micro-mobility and other emerging technologies to improve last mile delivery efficiency.
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