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Abstract: Electric vehicles (EVs) are rapidly becoming a sustainable and viable mode of future
transportation due to their multitude of advantages, such as reduced CO2 emissions, local air
pollutants, and vehicular noise. This study aims to identify and analyze the scientific literature
using bibliometric analysis to determine the main topics of authors, their sources, and the most-cited
articles, countries, journals, and institutes in the literature on EVs. This bibliometric analysis included
scientific work that was published from 2011 to 2022 to provide a thorough analysis of EVs, which
will assist researchers and policymakers in understanding the most current global EV advancements.
This analysis extracted all bibliometric information about EVs from the Scopus database, collecting
17,150 articles published between 2011 and 2022. The data were sorted for analysis by publication
year, document type, author, institute, country, cited author, keyword, and keyword co-occurrence
of the EVs. The VOSviewer software was employed to examine the sorted data due to its excellent
analysis and visualization capabilities. We used VOSviewer to graphically represent the density, co-
occurrence, trends, and linkage of the aforementioned data comprehensibly. The publishing patterns
of EVs indicate that the research field is evolving, with a yearly increase in the number of publications.
The analysis showed that China, the United States, and the United Kingdom are leading in EV
research and large-scale applications. Furthermore, China is the leading country in terms of research
institutions and authors involved in EVs. The journal Energies is the most prominent publication
periodical. Keyword analysis revealed that during the past decade, EV research has concentrated on
battery-management systems, energy storage, charging infrastructure, environmental concerns, etc.
The bibliometric study offered pertinent details on the main themes explored concerning EVs and
current technological developments.

Keywords: electric vehicles; future mobility; climate change; CO2 emissions; Scopus database;
bibliometric analysis; VOSviewer

1. Introduction
1.1. Background

Electric vehicles (EVs) have emerged as a potential alternative to fossil-fuel-powered
vehicles for future transportation [1,2]. Transportation relies heavily on fossil fuels and is
responsible for 37% of carbon dioxide (CO2) emissions [3–5]. EVs have the potential to
reduce CO2 emissions and contribute to climate change mitigation. However, developing
a sustainable future requires effort in numerous different areas. To be fully effective, EVs
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must be powered by sustainable and renewable energy sources [6–8]. Growing energy
demand, exhaustion of fossil fuels, and CO2 emissions are the main hazards of the 21st
century [9–12]. Furthermore, it has been revealed that by 2035, the transport sector’s oil
consumption will rise to 54% [13,14].

Moreover, it is stated that an increase in CO2 emissions from road transport in 2015
was mainly due to a 4.1% upsurge in diesel consumption [15–17]. Previous studies have
shown that the transport sector is one of the main factors of CO2 emissions [18–20]. As part
of the contribution of the transport sector to reducing greenhouse gas emissions (GHG),
the 21st century has witnessed the traditional internal combustion engine vehicles (ICEVs)
being replaced by EVs [16,21–23]. EVs’ growth is characteristic of the early 21st century, and
the global automotive market has reintroduced EVs. Battery electric vehicles (BEVs) and
plug-in hybrid electric vehicles (PHEVs), communally known as EVs, reduce or completely
avoid diesel or gas use in the car itself by integrating with the electric grid [24–26]. There
are many reasons for the re-emergence of EVs, including improvements in air quality
standards, battery technologies, and heightened government vehicle efficacy [27–29]. EVs
are an emerging technology that helps to reduce CO2 emissions, local air pollutants, and
vehicular noise [13,30]. To obtain these benefits, states all over the world are setting targets
for EV adoption. Currently, they make up a portion of the transportation sector, mainly in
developed countries where their market production has risen quickly [31–33].

Globally, the number of EVs increased by 2 million in 2018, reaching 5.1 million. The
EV market share increased by 2 million in China, 1.2 million in Europe, and 1.1 million in
the USA (Figure 1) [34]. China has the world’s highest EV sales, followed by the United
States and Europe (Figure 2). After a decade of rapid growth, in 2020, the number of
EVs sold worldwide reached 10 million, an increase of 43% over 2019 and a 1% stock
share. In 2020, BEVs made up two-thirds of the stock and all new EV registrations. China
has the largest fleet with 4.5 million EVs, but in 2020, Europe had the most significant
annual rise to reach 3.2 million. The economic repercussions of the COVID-19 pandemic
significantly affected the overall car market. In the first quarter of 2020, compared to 2019,
fewer new cars were registered. There was a 16% reduction year over year overall, while
more substantial activity in the second half somewhat offset this. Notably, the EV sale share
increased globally by 70% to a record 4.6% in 2020, despite a decline in conventional and
total new car registrations [35].
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EVs have become a promising universal alternative to solve numerous environmental
problems by reducing CO2 emissions, which helps reduce air pollutants in cities [36,37].
Compared with conventional vehicles, EVs have become more and more beneficial from
an environmental and economic perspective [38–42]. To encouraging the adoption of EVs,
governmental investments, incentives, and regulations are being established [43,44]. Many
large car manufacturers have shown an interest in EVs and must develop commercial and
passenger vehicles [45]. If most of the electricity used by EVs comes from nuclear power
plants or renewable sources, EVs have the potential to reduce GHG from the transport
sector. This has inspired many countries to encourage the usage of EVs in private and
public transport. Lower operating and maintenance costs and low noise are some additional
benefits of using EVs [44,46,47]. EVs are equipped with a transmission system using any
predetermined renewable energy, while the conventional engine needs gaseous or liquid
fuel [48]. Instead of ICEVs, EVs will significantly reduce heat dissipation to help solve the
serious problem of global warming [49]. Proposed adequate planning and incentives for
the development of charging stations will improve the living atmosphere and increase the
use of EVs [21]. Establishing charging stations means an increased load demand on the
utility grid, which leads to an increased highest demand and reduced reserve margin.

Scholars employ bibliometric analysis for various purposes, including discovering
trends in article and journal performance, research topics, and collaboration patterns, and
investigating the intellectual structure of a certain area in the existing literature [50]. Biblio-
metric analysis is frequently coupled with network visualization software, which spans
from graphical-user-interface-based software such as VOSviewer to software with no graph-
ical user interface [51,52]. Other well-known bibliometric software includes Bibexcel, Gephi,
Pajek, Sci2, SciMat, and UCINET [50]. Manual reviews are insufficient for establishing a
clear and significant connection between various components of the extant literature. Sci-
entific mapping and network visualization between bibliographic coupling, co-occurrence,
and co-citations are currently the most challenging parts of modern research [53]. The
bibliometric analysis can handle massive volumes of data without additional difficulties,
overcoming the fundamental constraints of previous manual reviews. In this study, in
addition to the conventional review, a bibliometric analysis was performed to address the
fundamental constraints of conventional reviews. Specifically, the author’s synergy, arti-
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cle, keyword co-occurrence, co-citations, and visualization of active countries conducting
research in the field of the fracture properties of EVs were comprehensively investigated.

1.2. EVs’ Role in Urban/Sustainable Transportation

The use of fossil fuels in transportation is harmful for the climate and the local air
quality. This occurs because of harmful air pollutants such nitrogen oxides, particulate
matter, and CO2 exhaust emissions [22]. A major contributor to noise in cities is also
unquestionably the road traffic. Indeed, introducing electric transportation to the fleet can
greatly reduce the overall GHG emissions and air pollution, especially if the electricity is
generated from renewable sources [28]. However, switching to EVs can still be advanta-
geous for urban environments even when electricity is produced using fossil fuels due
to the lower local noise and air pollution levels. Electric transportation can contribute
to sustainable urban mobility by improving vehicle energy efficiency while encouraging
public transportation and active mobility. Electric mobility enhances mobility options in the
cities by introducing a new generation of lightweight EVs, such as electric bicycles and kick
e-scooters, that can act as a catalyst for behavioral change [46]. By proactively integrating
these small EVs as feeders into mass transit, we can encourage a shift away from private
cars and strengthen public transportation’s role as the backbone of the urban mobility
system. Furthermore, electrification can catalyze investments in clean public transport
and new bus fleets, which can increase the attractiveness of public transportation through
modern and more silent vehicles. In recent years, a research trend toward adopting EVs in
smart cities has been observed, as EVs permit the reduction of urban CO2 emissions [54].
As a result, few studies have been conducted to improve citizens’ flexible and efficient
mainstream integration of EVs. In one of these studies, the author used an enterprise
architecture approach to facilitate the digital transformation of EVs for electro mobility
toward sustainable mobility [55]. The author aimed to integrate data on electric mobility
solutions from various stakeholders and systems involved in urban mobility services. Da
Silva and Santiago used a modeling approach for plug-in hybrid EVs to investigate the
optimal electricity trading policy for solar-powered microgrids [56]. The study empha-
sized the importance of battery management in promoting the widespread integration of
microgrid-connected EVs.

1.3. Taxonomy of EVs

EVs, among other developed technologies, have attracted much attention as an alter-
native mode of transportation that is becoming a part of the modern transportation system.
Depending on the technology used in the engines, there are various types of EVs, which
are classified into five categories (Figure 3):

• Battery Electric Vehicles (BEVs): BEVs are vehicles that run solely on electricity stored
in rechargeable batteries. They are powered by an electric motor, which drives the
wheels, and do not have any internal combustion engines. Instead of gasoline, they
rely on energy stored in batteries, which can be recharged from an external power
source. A typical BEV ranges from 160 to 250 km, though some can travel up to 500 km
on a single charge. The Nissan Leaf is an example of this type of vehicle. It is 100%
electric and currently has a 62 kWh battery that allows users to travel 360 km on a
single charge.

• Plug-In Hybrid Electric Vehicles (PHEVs): PHEVs are vehicles that combine a conven-
tional internal combustion engine with an electric motor and a rechargeable battery.
They can be powered by either the internal combustion engine or the electric motor, or
a combination of both. The Mitsubishi Outlander PHEV has a 12 kWh battery, allowing
it to travel 50 km solely on electricity. However, it is worth noting that PHEVs’ fuel
consumption is higher than manufacturers’ estimates.

• Hybrid Electric Vehicles (HEVs): (HEVs) are vehicles that use both a conventional
internal combustion engine and an electric motor to power the vehicle. The electric
motor assists the internal combustion engine, providing extra power when needed,
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such as during acceleration, and captures energy normally lost during braking to
recharge the battery. The internal combustion engine and electric motor work together
to power the vehicle, with the electric motor providing additional power when needed
and the internal combustion engine providing range and power for longer trips.
The Toyota Prius (4th generation) hybrid model includes a 1.3 kWh battery, which
theoretically enabled it to travel up to 25 km in all-electric mode.

• Fuel-cell Electric Vehicles (FCEVs): FCEVs are vehicles that use a fuel cell to generate
electricity to power an electric motor. The fuel cell generates electricity through a
chemical reaction between hydrogen and oxygen, producing only water as a byproduct.
FCEVs have a similar driving experience to battery electric vehicles, with instant torque
and quiet operation, but have a much longer driving range between refuelings. The
Hyundai Nexo FCEV can travel 650 km without refueling.

• Extended-range EVs (EREVs): (EREVs) are vehicles that have a small internal com-
bustion engine that is used to recharge the battery, extending the driving range of
the vehicle. The vehicle operates primarily on electricity stored in the battery, with
the internal combustion engine kicking in when the battery is depleted to extend the
driving range. The BMW i3 is an example of this type of vehicle, with a 42.2 kWh
battery that provides 260 km of autonomy in electric mode and an additional 130 km
in extended-range mode.
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1.4. Significance, Objectives, and Structure of the Study

EVs have significantly increased mobility in order to fulfill demand and adapt to
the mobility needs of a continuously growing global population. This fact, along with
promoting sustainable mobility, has boosted the significance of EVs. Since 2010, EVs have
received significant attention, and associated research has grown exponentially [57]. The
number of publications about EVs has grown significantly in the last ten years. According
to a search on the Web of Science (WoS) and Scopus databases, the number of publications
on EVs has grown from around 2000 in 2011 to over 20,000 in 2021. This represents a
tenfold increase in the number of publications in just ten years. The growth in publications
about EVs is reflective of the increasing interest and investment in the field. Governments,
automakers, and researchers around the world are working to advance EV technology and
infrastructure to support their widespread adoption. The increase in publications on EVs
has also led to a greater understanding of the technology and its potential benefits and
drawbacks. This growth is driven by the increasing popularity of EVs and the growing
recognition of their potential to reduce GHG emissions and improve energy independence.
Researchers have explored various aspects of EVs, including their design and performance,
battery technology, charging infrastructure, and the environmental and economic impacts
of their widespread adoption. As a result, there has been a significant increase in the
amount of research and development related to EVs, which is reflected in the growing
number of publications on the topic.
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However, most of these articles overview the reliability and technical perspective
instead of a bibliometric overview. Some studies used bibliometric analysis, such as that
of Ramirez et al. who conducted a study based on research articles on EVs from 2007
to 2016 [58]. Zhang et al. quantitatively and qualitatively analyzed energy management
strategies for HEVs [59]. They revealed the essential characteristics and latest developing
trends of these strategies and provided the emphasis and orientation of future study.
Secinaro et al. conducted a study to overview the business models for EVs [60]. The study
dendrogram identified two evolving strands of discussion: innovative technologies and
resource optimization, and electricity management system and product life cycle. Miah et al.
analyzed energy management schemes related to EV applications. The study identified
the highest-impact articles in this field of research [61]. Overall, the growth in publications
about EVs is a positive sign for the future of electric transportation. As research and
development continue to advance the technology, we can expect to see continued growth
in the number of publications, as well as a greater understanding of the potential benefits
and challenges associated with the widespread adoption of EVs.

This study was motivated by the recent increase in EV research publications to assess
its trends and developments. This bibliometric analysis’s timeline included scientific work
published from 2011 to 2022. There are several reasons for focusing on the timeline of
scientific work related to EVs published from 2011 to 2022:

Recent Advances: This timeline covers the most recent advances in EV technology
and provides an up-to-date picture of the current state of the field. The years between 2011
and 2022 have seen significant advancements in EV development, making this a relevant
and important period to focus on.

Increased Interest: There has been a growing interest in EVs in recent years due to
increasing concerns about the environment and energy security. As a result, the number
of scientific studies and publications related to EVs has increased, making it important to
focus on this specific period.

Data Availability: The availability of data and information is another factor that may
influence the decision to focus on the period from 2011 to 2022. This time period has a
large number of studies and publications available, making it easier to analyze and draw
meaningful conclusions.

Focusing on the scientific work related to EVs published between 2011 and 2022
provides a comprehensive and up-to-date view of the current state of the field, which is
relevant and valuable in light of the growing interest in electric vehicles and their impact
on the environment and energy security.

This study could be beneficial for policymakers and stakeholders of the 2030 Sustain-
able Development Goals agenda of the United Nations in terms of countries’ adaptation,
progress, applications, and implementation of EVs, particularly Goal 7: Improving Vehicle
Energy Efficiency and Goal 13: Climate Action for a Low-Carbon Future.

In addition, the bibliometric analysis is an important contribution to the progress
of research because it provides a systematic protocol that aims to reduce potential errors
and biases when selecting studies on a particular topic of interest, as well as an in-depth
description of independent research efforts to identify potential gaps and highlight the
limits of knowledge [62]. The first phase in bibliometric research is selecting a suitable
and credible database that enables the analysis to be conducted. There has recently been a
debate regarding the comparability and integrity of the statistical data acquired from the
two main databases, WoS and Scopus [63–65]. Despite the considerable overlap between
the WoS and Scopus databases, Scopus is the most extensive citation database for the
peer-reviewed literature in various disciplines [66]. These databases are closely related to
each other [67,68]. Scopus, according to Elsevier, is the most extensive database of citations
and summaries of the peer-reviewed literature used by numerous scholars for bibliometric
analysis in various research fields. Scopus is a multidisciplinary database with around
69 million records; additionally, it indexes more journals than the WoS [69].
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Therefore, the current study employs the Scopus database to incorporate as many
articles as possible that may not be included in WoS or addressed in earlier research. In
order to investigate the history and trends of EVs, we focus on the following research
questions:

(1) What are the article distribution trends in EV research from 2011 and 2022?
(2) What contributions have eminent researchers, leading countries, and the most-active

academic institutions made?
(3) What are the most common keywords, research fields, and top journals?
(4) Which nation is dominant in terms of large applications, sales, and market of EVs?

We used the VOSviewer software, which has superior analytical and visualization
capability to graphically show the density, co-occurrence, trends, and their interconnections.

The rest of this paper is organized as follows. The next section describes the data
and methods. Then, the results are presented to illustrate the EV literature from 2011 to
2022, and to visualize the interconnections of the literature in terms of active countries,
organization, co-authorships, co-citations, and co-occurring keywords in order to reveal
the emerging trends, popular domains, and research frontiers. Lastly, a summary of the
main findings and potential study directions is provided.

2. Methods and Data Collection
2.1. Bibliometric Overview Method

Bibliometric analysis is a widely used and robust technique for examining and analyz-
ing vast volumes of scientific literature. A bibliometric method is a valuable approach to
finding out the emerging patterns and rapid change in a research field. It includes various
quantitative methods for studying the academic literature and developing the distribution
patterns or internal relations for a particular subject, field, institution, or region. Many
bibliometric research tools, such as VOSviewer, HistCite, Network WorkBench, DIVA, and
citeSpace, are used to visualize the statistical analysis of the distributions of the journals,
authors, papers, institutes, countries, and keywords [50]. This paper uses the VOSviewer
to examine the research results due to its excellent analysis and visualization capabilities.
VOSviewer has become one of the most widely recommended literature tools for map-
ping and visualization; it is also free to access. Figure 4 presents the flow chart of the
proposed methods.

2.2. Publication Count

The first phase in bibliometric research is selecting a suitable and credible database to
conduct the analysis. Scopus was applied in the current study to extract all bibliometric
information about EVs. Due to their superior compatibility and current bibliometric data,
the authors chose Scopus compared to WoS and Google Scholar. The authors searched for
articles “Electric vehicles” in the title; the title “Electric vehicles” is a broad and inclusive
term that encompasses all types of electric vehicles, including cars, buses, trucks, and
motorcycles. It is a neutral and straightforward title that accurately reflects the content of
the article, which is focused on electric vehicles as a whole rather than a specific type of
electric vehicle. Other similar titles, such as “Electric cars” or “Electric vehicle,” may not be
as inclusive or neutral and may not accurately reflect the content of the article. The search
years were from 2011 to 2022 (Figure 5). A total of 17,150 articles relevant were published
from 2011 to 2022. The annual number of publications increased year by year. In terms of
document types, only research articles and review articles were considered. This analysis
did not include conference papers, book chapters, notes, errata, editorials, short surveys,
conference reviews, books, letters, retracted, data papers, or reports. Duplicate articles
found in the process were also identified and removed.
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3. Results and Discussion

The research protocol was explained in the above Section 2.1 and Figure 4. This
study used VOSviewer software to analyze the articles published on EVs. The collected
17,150 articles were sorted and graphically displayed by publication year, document type,
author, institute, country, cited author, keyword, and keyword co-occurrence of the EVs.

3.1. Countries Active in Research on EVs

Table 1 lists the top 15 countries contributing to the research of EVs. It was noted that
China exhibited the highest impact, with 70,685 citations for 5933 documents, followed
by the United States and the United Kingdom, which had citation counts of 59,679 and
16,336, respectively, making them the most influential countries in the research on EVs. The
number of documents, number of citations, and total link strength demonstrate a country’s
influence on the development of a study domain. The total link strength represents the
influence of a country’s publications on other nations involved in this research. China,
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the United States, and the United Kingdom were the top three countries in terms of total
link strength. The highest number of publications in this table as published in China
(42.72%), the United States (13.62%), India (7.09%), and the United Kingdom (5.54%). This
can be attributed to China’s ambition to achieve a carbon-neutral peak by 2030 and zero
carbon emissions by 2060. In addition, the United States and the United Kingdom are the
two largest nations listed in the Sustainable Development Goal 2030 agenda. Goals 11 and
13 of this agenda relate to sustainable mobility and climate change, which EVs have the
potential to reduce to a great extent [70]. The research in this field is quite promising. On
the other hand, Sweden and the Netherlands published fewer studies. Figure 6 displays the
visualization network and density of countries based on citations. The circle size represents
the country’s contribution to the particular field of research. The graphical representation of
contributing countries could assist future researchers in establishing research collaborations,
developing joint ventures, and exchanging innovative technologies and ideas. Figure 7
depicts the countries’ co-occurrence, visualization, connectivity to each other, and density
proportional to the link strength. The size of a country node indicates how often that
country publishes documents, but the country’s location indicates how often it appears
together in publications.

Table 1. Top 15 leading active research countries based on documents and citations.

Country Documents Citations Country
Contributions

Total Link
Strength

China 5933 70,685 42.72% 26,725
United States 1891 59,679 13.62% 22,148

India 985 4171 7.09% 5390
United kingdom 769 16,366 5.54% 9455

South Korea 695 11,822 5.00% 4507
Germany 673 11,932 4.85% 5732
Canada 597 14,510 4.30% 6636

Iran 438 7291 3.15% 4134
Australia 432 10,032 3.11% 5333

Iltaly 387 7430 2.79% 3474
France 379 6624 2.73% 2698
Spain 188 4177 1.35% 2790

Denmark 186 4244 1.34% 2632
Sweden 170 5066 1.22% 2583

Netherlands 166 5005 1.20% 2561

3.2. Leading Organizations Scientific Analysis

The number of its publications can reflect an institution’s strengths and fields of
expertise in a particular topic. The Scopus database was retrieved to determine the top
15 institutes with the highest EV citations. Table 2 lists these institutions. The highest
number of documents was published by Chinese institutes, as seen in Table 2. The first
institute, “State Key Laboratory of Automotive Safety and Energy, Tsinghua University,
Beijing, 100084, China,” published 121 documents and was cited 2421 times in the subject
domain, followed by “School of Mechanical Engineering, Beijing Institute of Technology,
100081, China,” and “School of Automotive Studies, Tongji University, Shanghai, 201804,
China” with 89 and 73 documents, respectively, while their respective citation numbers
were 620 and 417. Figure 8 depicts the most prominent institutes’ connection based on
citations in the current study field. It is fascinating to examine the connections between the
institution’s contributions to the subject of EVs.
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Table 2. Top 15 leading organizations based on citations and documents.

Organization Documents Citations Organization
Contribution Total Link Strength

State Key Laboratory of Automotive Safety and
Energy, Tsinghua University, Beijing, 100084, China 121 2421 16.95% 169

School Of Mechanical Engineering, Beijing Institute
of Technology, Beijing, 100081, China 89 620 12.46% 127

School of Automotive Studies, Tongji University,
Shanghai, 201804, China 73 417 10.22% 39

National Engineering Laboratory for Electric Vehicles,
Beijing Institute of Technology, Beijing, 100081, China 64 1329 8.96% 143

State Key Laboratory of Automotive Simulation and
Control, Jilin University, Changchun, 130022, China 59 337 8.26% 37

School of Electrical Engineering, Southeast
University, Nanjing, 210096, China 53 519 7.42% 9

School of Automotive and Traffic Engineering,
Jiangsu University, Zhenjiang, 212013, China 43 301 6.02% 81

National Engineering Laboratory for Electric
Vehicles, School of Mechanical Engineering, Beijing

Institute of Technology, Beijing, 100081, China
38 1327 5.32% 102

Collaborative Innovation Center of Electric Vehicles
in Beijing, Beijing Institute of Technology, Beijing,

100081, China
37 1109 5.18% 123

Automotive Engineering Research Institute, Jiangsu
University, Zhenjiang, 212013, China 36 318 5.04% 92

College of Electrical Engineering, Zhejiang
University, Hangzhou, 310027, China 35 792 4.90% 6

State Key Laboratory of Automotive Safety and
Energy, Tsinghua University, Beijing 100084, China 27 1119 3.78% 78

Faculty of Transportation Engineering, Kunming
University of Science and Technology, Kunming,

650500, China
24 203 3.36% 104

State Key Laboratory Of Mechanical Transmissions,
Department of Automotive Engineering, Chongqing

University, Chongqing, 400044, China
8 395 1.12% 40

Advanced Vehicle Engineering Centre, Cranfield
University, Cranfield, United Kingdom 7 572 0.98% 62

3.3. Co-Authorship Scientific Mapping

The citation numbers of a researcher denote the level of influence of a researcher
on a specific field [71]. The authors with the highest number of citations on the subject
of EVs, as extracted from the Scopus database, are displayed in Table 3. The maximum
number of documents published by each author in the topic domain is also shown in
Table 3. The average number of citations for each author was obtained by dividing the
number of citations by the number of documents. Li Y. had the most published documents
(241), whereas Li J. had the highest amount of citations (4491 citations). Measuring the
quantitative efficiency of an individual researcher would be difficult. Nevertheless, the
author’s ranking was attainable by comparing each aspect individually or in connection
with their synergy. Based on the overall number of citations, the top three authors are Li J.
with 4491 citations, Xiong R. with 4112 citations, and Wang J. with 3972 citations. Moreover,
by comparing the number of papers, it was determined that Li Y. had 241 documents, Wang
Y. had 240 documents, Zhang Y. had 240 documents, and Zhang X. had 224 documents.
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Figure 9 depicts the connection between the most influential authors based on citations in
the current field of study. It is fascinating to examine the connection between the authors’
contributions to the subject of EVs.
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Table 3. Top 15 Authors with highest number of citations and documents.

Author Documents Citations Average Citations Total Link Strength

Li Y. 241 2359 10 449
Wang Y. 240 2106 9 412
Zhang Y. 240 2458 10 595
Zhang X. 224 3245 14 546
Wang J. 223 3972 18 473

Li J. 214 4491 21 676
Liu Y. 194 1332 7 528

Wang X. 174 2052 12 404
Zhang J. 165 1596 10 415
Zhang L. 157 2309 15 363
Zhang H. 141 2626 19 367
Chen Z. 124 2425 20 648

Ouyang M. 70 3323 47 428
Hu X. 65 3694 57 483

Xiong R. 59 4112 70 467
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3.4. Bibliographic Coupling Network Analysis

The number of citations of a research article demonstrates the article’s influence in a
particular research field. According to Donthu et al. articles with a high number of citations
may be measured milestones in the study field [50]. Table 4 displays the most-frequently
cited articles, their authors, and the year of publication. The article (Nykvist et al. 2015)
was discovered to have the most citations, with 933. However, the article (Li S et al. 2015)
was found to have 930 citations, while the article (Lopes et al. 2011) was found to have 894
citations. Figure 10 is a visualization of the authors with the most article citations, with
a minimum of 489 citations, and the top related articles in the present study field were
identified. The network demonstrated that the majority of articles were not related through
citations. In the density visualization (shown in Figure 11), terms with higher and lower
densities are distinguished by unique hues. The order of colors are red, yellow, green,
and blue, with red representing the highest density and blue the lowest. As depicted in
Figure 11, the density of Lopes, Gan, and Sortomme have the highest linkage.

Table 4. Top 15 articles with most citations.

Document Citations Links References

Nykvist, B.; Nilsson, M. (2015), Rapidly falling costs of battery packs for electric
vehicles. Nature climate change, 933 0 [72]

Li, S.; Mi, C.C. (2015), Wireless Power Transfer for Electric Vehicle Applications 930 1 [73]

Lopes, J.A.P.; Soares, F.J.; Almeida, P.M.R. (2011), Integration of Electric Vehicles in
the Electric Power System 894 1 [74]

Sortomme, E.; El-Sharkawi, M.A. (2011), Coordinated Charging of Plug-In Hybrid
Electric Vehicles to Minimize Distribution System Losses 818 1 [75]

Fernandez, L.P.; San Román, T.G.; Cossent, R.; Domingo, C.M.; Frias, P. (2011),
Assessment of the Impact of Plug-in Electric Vehicles on Distribution Networks 801 0 [76]
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Table 4. Cont.

Document Citations Links References

Cao, J.; Emadi, A. (2012), A New Battery/UltraCapacitor Hybrid Energy Storage
System for Electric, Hybrid, and Plug-In Hybrid Electric Vehicles 752 0 [77]

Deilami, S.; Masoum, A.S.; Moses, P.S.; Masoum, M.A. (2011), Real-Time
Coordination of Plug-In Electric Vehicle Charging in Smart Grids to Minimize

Power Losses and Improve Voltage Profile
739 0 [78]

Hawkins, T.R.; Singh, B.; Majeau-Bettez, G.; Strømman, A.H. (2013), Comparative
Environmental Life Cycle Assessment of Conventional and Electric Vehicles 673 0 [30]

Egbue, O.; Long, S. (2012), Barriers to widespread adoption of electric vehicles: An
analysis of consumer attitudes and perceptions 651 0 [79]

Budhia, M.; Boys, J.T.; Covic, G.A.; Huang, C.-Y. (2013), Development of a
Single-Sided Flux Magnetic Coupler for Electric Vehicle IPT Charging Systems 614 1 [80]

Kim, N.; Cha, S.; Peng, H. (2011), Optimal Control of Hybrid Electric Vehicles
Based on Pontryagin’s Minimum Principle 579 0 [81]

Gan, L.; Topcu, U.; Low, S.H. (2013), Optimal decentralized protocol for electric
vehicle charging 563 2 [82]

Ma, Z.; Callaway, D.S.; Hiskens, I.A. (2013), Decentralized Charging Control of
Large Populations of Plug-in Electric Vehicles 544 0 [83]

Shin, J.; Shin, S.; Kim, Y.; Ahn, S.; Lee, S.; Jung, G.; Jeon, S. -J.; Cho, D.-H. (2014),
Design and Implementation of Shaped Magnetic-Resonance-Based Wireless Power

Transfer System for Roadway-Powered Moving Electric Vehicles
514 0 [84]

Hidrue m.k. (2011), Willingness to pay for electric vehicles and their attributes 489 0 [85]
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3.5. Scientific Mapping of Journals

The scientific mapping of journal papers reflects the journal’s specialization and
significance in the given topic. The Scopus database was queried to compile a list of the
15 journals with the highest number of citations and publications on the subject of EVs.
Table 5 also displays the journals with the highest number of publications in the topic
domain. The highest number of published documents was in Energies (925 documents),
while Applied Energy received the most citations (14,831 citations). It would be difficult to
quantify a journal’s productivity. Applied Energy, with 14,831 citations, IEEE Transactions
on Smart Grid, with 13,348 citations, and Journal of Power Sources, with 11,239 citations,
were revealed to be the three most-cited journals overall. In addition, by comparing
the number of papers, it was determined that the top three journals were Energies with
925 documents, Applied Energy with 423 documents, and IEEE Access with 404 documents.
Figure 12 depicts the most prominent journals’ linkages based on citations in the current
study field. It is fascinating to examine the connection between the journals that contribute
to the subject of EVs. In the density visualization (shown in Figure 13), journals with higher
and lower densities are distinguished by unique colors.

3.6. Keyword Co-Occurrence Scientific Mapping

Keywords are an essential component of research since they indicate and represent the
fundamental subject area of a study domain [86]. Table 6 displays the keywords utilized
in this study that were found to appear most frequently in the research publications.
Electric vehicles, Energy storage, and secondary batteries were discovered to be the top
three most popular search terms. Figure 14 depicts the term co-occurrence network,
including its visualization, connectivity, and density proportional to their link strength.
The size of the keyword node indicates the keyword’s frequency, while the keyword
position indicates its co-occurrence in articles. Electric vehicles (18.52%), energy storage
(6.98%), and secondary batteries (4.37%) have larger nodes, indicating that these were
determined to be the most significant keywords in the study of EVs. In the network,
multiple keywords are represented by varied colors that indicate keyword co-occurrence in
different articles. Figure 14 identifies four keyword clusters, each representing a distinct
hue (blue, red, yellow, and green). Red nodes represent the keywords with the most
recurrent co-occurrence, such as electric vehicles, energy storage, and charging stations.
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It was noticed that all of these terms frequently appeared in publications about EVs. In
the density visualization (shown in Figure 15), terms with higher and lower densities
are distinguished by unique colors. The order of the colors are red, and blue, with red
representing the highest density and blue is the lowest. In the future, authors will be able
to more readily retrieve published data in a certain domain owing to this finding.

Table 5. Top 15 journals based on citations and documents.

Source Documents Citations Document
Contributions

Citation
Contributions

Total Link
Strength

Energies 925 7533 22.62% 7.01% 2794

Applied Energy 423 14,831 10.34% 13.81% 2967

IEEE Access 404 2417 9.88% 2.25% 1241

Energy 391 8960 9.56% 8.34% 2197

IEEE Transactions on
Vehicular Technology 349 11,055 8.53% 10.29% 1249

Transportation Research Part D:
Transport And Environment 226 5864 5.53% 5.46% 1985

IEEE Transactions on Smart Grid 222 13,348 5.43% 12.43% 1486

Sustainability (Switzerland) 221 1216 5.40% 1.13% 1107

Journal of Cleaner Production 208 3620 5.09% 3.37% 1195

Journal of Power Sources 204 11,239 4.99% 10.46% 1197

Energy Policy 155 7284 3.79% 6.78% 1558

IEEE Transactions on
Industrial Electronics 149 7860 3.64% 7.32% 418

IEEE Transactions on
Power Systems 73 6798 1.78% 6.33% 765

Transportation Research Part C:
Emerging Technologies 71 2774 1.74% 2.58% 680

Transportation Research Part A:
Policy And Practice 69 2618 1.69% 2.44% 883
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Table 6. Keyword co-occurrences.

Keyword Occurrences % Age Total Link
Strength Keyword Occurrences % Age Total Link

Strength

Electric vehicles 6615 18.52% 20,947 Lithium-ion batteries 539 1.51% 2204

Energy storage 2494 6.98% 11,069 Matlab 462 1.29% 2197

Secondary batteries 1562 4.37% 7624 Vehicle wheels 450 1.26% 2000

Hybrid vehicles 1500 4.20% 5836 Hybrid electric vehicle 441 1.23% 1521

Energy management 779 2.18% 3706 Vehicle performance 441 1.23% 1953

Electric automobiles 1266 3.54% 4893 Permanent magnets 440 1.23% 1442

Electric machine
control 1196 3.35% 5811 Energy storage 434 1.22% 2028

Optimization 1088 3.05% 5019 Charging station 400 1.12% 1666

Traction motors 983 2.75% 4140 Control strategies 400 1.12% 1793

Electric power
transmission networks 885 2.48% 4598 Commerce 399 1.12% 1645

Battery management
systems 815 2.28% 4127 Electric drives 398 1.11% 1664

Energy utilization 731 2.05% 3233 Torque 387 1.08% 1752

Costs 699 1.96% 3263 Scheduling 382 1.07% 1753

Electric batteries 699 1.96% 4094 Wheels 377 1.06% 1636

Vehicle-to-grid 648 1.81% 3175 Stochastic systems 375 1.05% 1710

Electric vehicle
charging 630 1.76% 2779 Dc-dc converters 368 1.03% 1406

Energy efficiency 624 1.75% 2875 Electric power
distribution 368 1.03% 1726

Battery electric
vehicles 618 1.73% 2695 Plug in hybrid electric

vehicles 368 1.03% 2059
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Table 6. Cont.

Keyword Occurrences % Age Total Link
Strength Keyword Occurrences % Age Total Link

Strength

Controllers 609 1.70% 2592 Automotive batteries 358 1.00% 1367

Plug-in electric
vehicles 599 1.68% 2322 Vehicle transmissions 353 0.99% 1413

Plug-in hybrid
vehicles 590 1.65% 3052 Genetic algorithms 346 0.97% 1614

Fuel economy 581 1.63% 2609 Smart grid 345 0.97% 1622

Energy management
strategies 338 0.95% 1857 Greenhouse gases 339 0.95% 1454
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In addition, a filter was applied to the 50 selected keywords in order to map the ten
most popular keywords from 2011 to 2022, as depicted in Figure 16. The radius of the circle
represents the frequency of occurrence, whereas the line joining two circles represents the
occurrence of words concurrently. A greater incidence rate is indicated by a larger circle or
a thicker line. Each of the three colors in Figure 16 represents a cluster.
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4. Conclusions and Future Perspectives

The objective of this study was to investigate specific publications from the field of
EVs in order to categorize and compare the principal factors and their relationships used by
other researchers in this field. This study provides a bibliometric analysis of the EV-related
literature published from 2011 to 2022. The published literature was extracted from the
Scopus database, analyzed, and categorized according to predetermined criteria such as
publication year, document type, author, institute, country, cited author, keyword, and
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keyword co-occurrence of the EV. A total of 17,150 articles published between 2011 and 2022
was retrieved. This study used the VOSviewer software to examine the above-sorted data
due to its excellent analysis and visualization capabilities. With VOSviewer, we graphically
represented the density, co-occurrence, trends, and linkage of the aforementioned data. The
publishing patterns of EVs indicate that the research field is evolving, with a yearly increase
in the number of publications. The trend is a steady increase in EV-related publications
each year, which shows that this topic has been gaining popularity. This study indicated
that bibliometric analysis is a scientific method that can be helpful for both experienced
and aspiring scholars who seek to explore a retrospective of large and prolific fields in
EV research.

The analysis indicated that China is leading in EV research and large-scale applications.
China currently stands out as the country with the most publications (42.72%) on EVs,
corresponding to worldwide publications. In addition, the ten top institutions in terms of
numbers of articles and citations belong to China. Energies is the leading journal, having
published more articles than other journals. Generally, the research studies were published
in interdisciplinary or multidisciplinary journals.

Regarding the most-used keywords the analysis revealed that battery management
systems, energy storage, and charging infrastructure are the main themes studied in EVs.
Studies were focused on the optimization of energy storage and battery management
systems. Another barrier to the growth of EVs is charging infrastructure. Charging infras-
tructure is rapidly expanding worldwide, but there are still areas where charging stations
are not widely available. As the global fleet of EVs grows, new charging solutions are being
developed. Furthermore, fast charging, inductive charging methods, and wireless power
transfer are future technologies, and numerous studies have used them as a foundation.

EVs are now a reality, and they have a bright future. Several governments have
backed the implementation of transport electrification, prompting nearly all automakers
to invest in EVs. The findings of this study indicate that extensive research into the
battery management system, energy storage, and charging infrastructure is required, for
example, improvements in EV performance, particularly in the energy-storage system;
enhancing security and autonomy; charging-system optimization, resulting in faster and
easier charging; and development of charging networks to fulfill EV demand. As a result,
it is essential to intensify the research and development efforts to address the technological
and economic constraints related to EVs. The driving force for this escalation can fulfill the
Sustainable Development Goals of the United Nations. The agreement’s purpose is to limit
global warming through the management of GHG emissions, the availability of renewable
energy, inclusive economic growth, sustainable cities, and responsible production and
consumption.
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