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Abstract - The recent emphasis of the world on sustainable
transportation, carbon emission reduction, and renewable
energy source usage, there has been considerable expansion in
EV research in the last decade. In this paper, an extensive
bibliometric analysis of the knowledge structure, trends,
citations, collaboration, and themes of the literature covering
the period between 2015 and 2025 was carried out for further
analysis of the EV research domain. The bibliographic data used
in this study were collected from the Scopus database and
analyzed with the help of Bibliometrix (Biblioshiny) and
VOSviewer in order to perform performance analysis and
science mapping. This data collection involves 8,864 papers with
a total of 241,843 citations and indicates rapid development and
increasing scientific significance of EV research. 30.16% of all
the papers belong to the category "international collaboration,"
with China, the USA, and India being the key contributors to
this area. On the basis of the thematic analysis, it can be said
that there has been a move away from the earlier research
themes of battery technology and charging stations to the
themes of integration with renewable energy, smart grids,
vehicle-to-grid, battery recycling, sustainable mobility, and
intelligent energy management. The findings provide an overall
view of the evolution of research on EVs, identify research
actors and emerging research topics in the field, and highlight
research gaps.

Keywords:  Electric  Vehicles, Bibliometric  Analysis,
Bibliometrix, Vosviewer, Research Collaboration, Thematic
Evolution, Sustainable Transportation

I. INTRODUCTION

There have been many efforts to move towards sustainable
ways of moving around the globe during the past decade
owing to rising global warming, GHG emissions, reduced
availability of fossil fuels, and energy security. The transport
industry is among the biggest contributors of CO2 globally
and is now receiving attention worldwide for becoming
carbon neutral and sustainable (Duan et al., 2023). This has
resulted in the creation of electric vehicles as a possible
solution to overcome the problems facing internal
combustion engine vehicles, particularly in respect of
environmental pollution, increased energy efficiency, and
renewable energy integration into the present transportation
system (Sandrini et al., 2023). The fast advancement in

battery technology, charging stations, smart grids, and
policies both in developed and developing countries has also
contributed to the widespread use of EVs.

Along with rapid technological developments within electric
vehicles, a lot of research in different spheres, including
electrical engineering, energy systems, transport systems,
environment, public policies, and management, has been
carried out (De Rubens et al., 2020). At first, scientific studies
were aimed at the development of batteries, powertrains,
charging systems, and performance of vehicles, but later
researchers started investigating renewable energies, smart
grids, V2G systems, consumer behavior, battery recycling,
sustainable mobility, policies evaluation, and energy
consumption management (Noudeng et al., 2022). In this
regard, there has been an evident increase in the number of
scientific papers published about electric cars, which makes
the field’s knowledge base extensive and growing.

Traditional literature reviews in narrative form have become
impractical in light of the growth in publications, and
researchers, policymakers, and practitioners in the industry
are unable to get a clear understanding of the intellectual
structure and progress of research in EVs from the narrative
literature reviews. Literature reviews of a particular subject
have the advantage of going into the details of the particular
research subject but they are not meant for making
quantitative assessments about publication trends, scientific
impact, collaboration networks, evolution of themes and
knowledge structure in the overall research domain. The
bibliometric literature review approach has therefore become
an efficient tool for conducting literature reviews using
quantitative tools and scientific visualization techniques that
are efficient tools for analyzing a large body of scientific
literature.

Several bibliometric analyses have been carried out on
certain aspects of electric vehicle research; however, some of
these analyses have been narrow-scope analyses focusing on
technologies, geographical areas, and/or publication years.
Moreover, the accelerated research activities concerning
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electric vehicles after 2020 due to global decarbonization
efforts, subsidies from governments, investments from
industries, and advancements in the area of renewable
technologies have significantly influenced the research
scenario (Rietmann et al., 2020). Against this backdrop, there
should be a contemporary and holistic bibliometric analysis
of the field of electric vehicle research, which should address
influential researchers, collaboration among researchers in
studying electric vehicles, and the evolution of themes within
this field in the last decade.

Therefore, in this paper, a broad bibliometric review of
scientific publications about electric vehicles, which were
published between 2015 and 2025, has been provided
through the use of the Scopus database (Rizza et al., 2021).
In order to examine the publication dynamics, citation
impact, authorship, most cited articles, journals, institutions,
countries, collaboration network among countries, keywords,
and themes of the studies, the bibliographic data have been
examined with Bibliometrix (R package/Biblioshiny) and
VOSviewer. This bibliometric review aims not only at
performance analysis but also at the visualization of the
knowledge structure regarding the field of EVs. It helps in
identifying new topics which might be important in future
research and policies (Sheldon & Dua, 2024).

Key Contributions of the Research

» Provides a comprehensive bibliometric review of global
electric vehicle (EV) research published between 2015
and 2025, highlighting publication growth and research
trends.

» ldentifies the major contributors, including leading
authors, journals, institutions, and countries, and
examines international research collaboration.

» Explores emerging research themes and future research
directions through keyword and thematic analyses,
providing useful insights for researchers and
policymakers.

The remaining sections of this paper are structured as
follows. Section II outlines the current literature on electric
vehicles and past bibliometrics. The methodology of this
bibliometric analysis is presented in Section III, where the
data source, the search strategy, the data preparation
procedures, and the analysis methods are introduced. Section
IV outlines and discusses the bibliometric findings, including
publishing trends, citation metrics, network analysis, and
thematic evolution. The important implications of the study
and directions for future research are elaborated on in Section
V. Section VI concludes the paper and indicates avenues for
future research on EVs.

II. LITERATURE REVIEW

Andoni et al., (2019) is an article focusing on the impact of
new technologies on the energy transition in connection with
the development of electric mobility. From the results of the
study, it became evident that technologies for digitalization,
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distributed energy systems, and business models played an
important role in the process of promoting EVs. It was
emphasized that such vehicles would become an integral
component of renewable energy systems and smart energy
grids. As has been concluded from the research, a sustainable
transportation system of the future could only be achieved
through the integration of transport and energy systems.

As mentioned by Dileep, (2020), there is a detailed review on
the technologies and applications related to the smart grid,
where emphasis is laid on the importance of the smart grid
for EVs. The study showed the interrelation among the
charging stations of electric vehicles, Renewable Energy
Sources, Demand Response, and grid reliability. It was
pointed out that energy management through the smart grid
is an area of research interest.

Kang et al., (2017) have suggested an energy management
solution for the network of electric vehicles that comprises
P2P energy trading and smart grid communication. The
research highlighted the benefits that might be achieved using
EVs as distributed energy sources capable of balancing the
grid and improving its energy management. It turned out that
novel ways of communication and distributed energy
management would allow increasing the efficiency of the
future electric mobility solutions.

As per Zaino et al., (2024), there is an extensive systematic
review of the determinants of the uptake of electric vehicles,
taking into account the technical, environmental,
organizational, and policy determinants that affect electric
vehicle use. It was established that the uptake of electric
vehicles needs a multifaceted approach that includes
technological innovation, development of charging points,
government intervention, consumer consciousness, and
sustainable transportation policies. The authors emphasize
the necessity to adopt a holistic approach towards the future
development of electric vehicles that would include both
technical and socio-economic considerations. The results are
crucial for appreciating the multidimensionality of the issue
of large-scale uptake of EVs.

Opportunities and Challenges Involved in the Integration of
Electric Vehicles with Renewable Energy and Smart Grids.
Sinha et al., (2023) have carried out research on the
integration of electric vehicles with renewable energy and
smart grids. Discussed the advantages and challenges in
energy management with electric vehicles, such as
synchronization of charging, energy grid stability, use of
renewable energy, and demand-side management. It has been
found that the integration of electric vehicles with renewable
energy sources has great significance for reducing carbon
emissions and improving energy efficiency.

The journey of Earth to attain a net-zero position by means
of adopting electric cars was analyzed by Timilsina et al.,
(2025). In this analysis, the impact of EVs on the reduction
of emissions in the transportation sector was considered apart
from examining technical, economic, policy, and
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infrastructural obstacles associated with the widespread
adoption of electric vehicles. It has been identified that it is
mandatory to make collective efforts of government,
industry, and research organizations to ensure sustainable
growth in the use of electric vehicles. It has been concluded
by the researchers that EVs have an essential role in the
global sustainability strategy, but there are certain areas
where improvements are required in this regard.

The factors affecting the competitiveness of EVs, such as the
cost of batteries, the presence of charging stations, the source
of electricity generation, as well as the policy towards EVs,
were analyzed. It is important to highlight that the authors
emphasized the importance of the integration of renewable
sources of energy and clean electricity generation as one of
the environmental benefits of EVs. According to the results
of the study, a comprehensive approach needs to be adopted
to ensure the sustainability of EVs.

TABLE I COMPARATIVE ANALYSIS OF EXISTING LITERATURE ON ELECTRIC VEHICLE RESEARCH

Dataset / Simulation

Environment Research Gap

Limited investigation of practical

Literature collected from
energy, blockchain, and smart
grid research domains.

implementation challenges and
large-scale integration of digital
technologies within EV
ecosystems.

Existing smart grid research
studies cover renewable
energy systems, EV charging
infrastructure, and power
network applications.

Limited focus on EV-specific
energy management strategies
and real-time optimization
methods for large-scale EV
deployment.

Simulation-based evaluation
of EV energy trading
networks using blockchain
and smart grid communication
environments.

Further research is required to
improve the scalability,
transaction efficiency, and real-
world deployment feasibility of
decentralized EV energy
systems.

Review of previous EV
adoption studies covering
consumer behavior, policies,
infrastructure, and
sustainability factors.

Limited quantitative analysis of
global EV adoption trends and
insufficient integration of
technological and socio-
economic factors.

Existing research articles
related to renewable energy
integration, EV charging
systems, and smart grid
applications.

Need for advanced intelligent
charging frameworks and real-
time energy optimization models
for renewable-powered EV
systems.

Authors Methodology
Systematic review of blockchain
applications and emerging digital
Andoni et technologies in the energy sector,
al., (2019) focusing on EV integration,
decentralized energy systems, and
innovative business models.
Comprehensive review of smart grid
. technologies and applications,
Dileep, analyzing energy management
(2020) 2 >
demand response, and grid integration
approaches.
Proposed a blockchain-enabled peer-
Kang et to-peer energy tra<'1ing frarnewqu for
al., (2017) EV networkg using decentralized
? communication and energy
management techniques.
Conducted a systematic literature
Zaino et review to identify technological,
al., (2024) environmental, organizational, and
policy factors affecting EV adoption.
Reviewed EV integration with
Sinha et renewable energy sources and smart
al., (2023) | grids, focusing on charging strategies,
energy management, and grid stability.
Timilsina Critical review of EV contributiqn
ot al. toward net‘-zero emissions, ar'lalyzmg
(202 5’) technological, economic, policy, and
infrastructure challenges.

Global studies related to EV

deployment, climate policies,

sustainability transitions, and
transportation systems.

Limited regional comparative
analysis and lack of
comprehensive frameworks
addressing diverse socio-
economic conditions.

Conclusively, table I demonstrates that the current literature
in these areas has progressed much concerning EV
technology, renewable energy integration, smart grid
application, charging infrastructure, and EV adoption.
However, it should be noted that the majority of the current
literature  focuses on particular technological or
application-oriented aspects, and there is less emphasis on the
bibliometric analysis of the global EV research area as a
whole. Particularly, there are no bibliometric reviews on
global EV research published in the last few years that would
provide information on the following aspects: publication
trends, citation analysis, co-authorship network, thematic

296

evolution, and emerging research topics. Thus, this study
attempts to fill the above-mentioned research gap.

III. METHODOLOGY

3.1 Literature Search Strategy and Data Collection

The methodology that was adopted for carrying out the
research is a quantitative research methodology based on
Bibliometrics. The bibliographic data was derived from the
Scopus database, which was selected due to its broad
coverage of multidisciplinary topics, accurate indexation of
citations, and easy applicability of bibliometrics analysis
software. The comprehensive search process was developed
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based on the relevant keywords for the topic under
investigation, such as electric vehicles, electric mobility,
sustainable transportation, energy transition, market growth,
policy framework, and electric vehicle adoption. The
publications covered the timeframe of 10 years from 2015 to
2025, as it allowed for covering all recent changes in the field

Filtering Process

® Duplicate Records
® Irrelevant Publications

® Technical Components

of research about EVs. The articles and reviews were taken
into consideration; however, only in the English language.
The first data set was refined, including the criteria of
duplicate data, irrelevant publications, and highly technical
studies related to the battery, power electronics, and vehicle
control system.

Scopus Database

® Multidisciplinary Coverage

® Citation Indexing
® Bibliometric Analysis Compatibility

Data Source and Collection Strategy

Search Strategy

® Electric Vehicles

Publication Types

® English Language

® Electric Mobility
® Sustainable Transportation

® Energy Transition

® Articles
® Review Papers

Timeframe
® 2015-2025

® Market Development
® Policy Frameworks
® EV Adoption

Fig. 1 Data Source and Collection Strategy for Systematic Literature Analysis

Fig. 1 illustrates the process of data sources and the collection
approach that has been employed in analyzing research
papers on EVs, electric mobility, and sustainable transport in
a systematic way. Data collection has been conducted in the
Scopus Database, which has been chosen due to its
multidisciplinary coverage and possibility of citation
indexing. A set of criteria has been developed on the basis of
selected key research topics such as electric vehicles, electric
mobility, sustainable transport, energy transition, market
development, policy framework, and adoption of EVs.
Inclusion criteria have been applied to the selected papers in
order to ensure that they were written in the English language
and published between 2015 and 2025. In order to make sure
that the final data set contained high-quality and relevant
literature for further analysis, a process of filtering has been
used in order to exclude duplicate entries, irrelevant, and
non-technical papers.

3.2 Data Processing and Screening

The dataset analysis was performed using a combination of
performance analysis and science mapping approaches in
order to determine growth trends, contributors, and evolution
of the EV research themes. Performance analysis was
conducted to reveal the trends in publications, citations,
active authors, top journals, and countries. Science mapping
approaches were used to study intellectual and conceptual
connections in the research field. Co-authorship analysis was
conducted in order to reveal patterns of cooperation among
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the researchers and countries, while co-citation analysis
revealed influential bases of knowledge. Co-occurrence of
keywords analysis was conducted in order to determine the
main topics of research and connections between these topics.
Moreover, in order to trace the change in EV research topics
throughout different time periods, thematic mapping and
thematic evolution approaches were used. The use of these
approaches gives a comprehensive overview of the evolution
and structure of EV research as well as its possible future
direction.

The research evaluation framework that is applied to conduct
an all-round evaluation of the research achievement in the
area of electric vehicles (EVs) is presented in fig. 2. The
framework consists of the combination of performance
evaluation and science mapping approaches to conduct a
comprehensive evaluation of the publication trend, its
citation impact, key authors, prominent journals, and
countries contributing to the research field. The science
mapping approaches consist of co-authorship analysis,
co-citation analysis, keyword co-occurrence analysis, and
thematic mapping with evolution analysis, which are utilized
to evaluate the collaboration among researchers and
countries, the knowledge base of EV research, and the major
topics and their relationships in EV research, and the
evolution of EV research, respectively.
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Bibliometric Analysis Framework

Comprehensive Evaluation of EV
Research

c

Performance Analysis
Identify Publication Trends, Citation Impact,
Authors, Journals, Countries.

Science Mapping Techniques
Explore Intellectual and Conceptual
Relationships.

Co-authorship Analysis
Examine Collaboration Patterns
Among Researchers and Countries.

Co-citation Analysis
Identify Influential Knowledge
Foundations.

y

Keyword Co-occurrence
Analysis

IDiscover Major Research Themes

and Relationships.

Thematic Mapping &
Evolution
1
Investigate Changes in EV
Research Topics Over Time.

Fig. 2 Bibliometric Analysis Framework for Evaluating Electric Vehicle Research Trends

3.3 Bibliometric Analysis Methods

Data on bibliometrics were analyzed using Bibliometrix
(R package) and VOSviewer to gain insight into the statistics
and visual representations of research. The bibliometrix
software and its web-based interface, Biblioshiny, were used
in this study to carry out the analyses involving descriptive
analysis, citation analysis, thematic mapping of the research
area, and time-series analysis of research themes. The
software used for constructing and visualizing scientific
networks, known as VOSviewer, was used to construct the
various networks, such as author collaboration networks,
country collaboration networks, keyword co-occurrence
networks, and relationships through citations. Data
preprocessing steps were carried out in order to improve the
accuracy before performing analysis, such as normalizing the
authors' names, institution affiliations, and keywords used.
The key relationships in the data set were determined by
making use of the network visualization parameters, such as
the minimum occurrence and citation limits.

Data Preprocessing
Standardization of Author Names, Institutions, and Keywords

v

Bibliometrix Analysis

Descriptive Analysis, Citation Evaluation, Thematic Mapping, and Temporal
Evolution

v

Biblioshiny Interface

Web-Based Interface for Bibliometrix Analysis

Y

VOSviewer Visualization

Construction and Visualization of Scientific Networks

v

Network Visualization Parameters

Application of Thresholds and Limits

Fig. 3 Bibliometric Data Processing and Visualization Methodology
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The methodology of the workflow of processing, analysis,
and visualization of bibliometric data in order to construct the
scientific network is shown in fig. 3. Research data have been
collected and then preprocessed by standardization of
authors, institutions, and keywords in order to achieve
uniformity and accuracy of data. Preprocessed data have been
further analyzed using various bibliometric approaches,
which include descriptive analysis, citation analysis, theme
mapping, and evaluation of temporal dynamics of the
research to find out research patterns and emerging trends.
The online platform biblioshiny interface has been utilized to
conduct the bibliometric analysis, while VOSviewer has been
employed to build science networks. Maps have been
generated based on collaborations, citations, and keyword
relationships through proper threshold and limit setting.

The process of the bibliometric review was done according
to the following process: literature search in the Scopus
database, data screening, data preprocessing, bibliometric
analysis through Bibliometrix and VOSviewer, collaboration
and thematic network visualization, and finally interpretation
of research results.

IV. EXPERIMENTAL RESULTS

4.1 Bibliometric Dataset and Analysis Configuration

The bibliometric study was conducted using research articles
published in the Scopus database between 2015 and 2025.
The articles and books have been extracted through the
identification of the predefined keywords relevant to the topic
of electric vehicles and sustainable mobility. After
application of inclusion and exclusion criteria, exclusion of
the duplicated records, and preprocessing of the bibliometric
data, a total of 8,864 articles from 1,959 journals by 21,962
authors were collected. Descriptive statistics, citation
analysis, and thematic maps have been produced using
Bibliometrix (R package/Biblioshiny), whereas the
co-authorship, country collaboration, citation, and keyword
co-occurrence networks have been built using VOSviewer.
The appropriate analysis thresholds were applied for the
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identification of the most influential authors, countries, and
research topics. Table II presents the summary of the
bibliometric data characteristics and the configuration of the
analysis.

TABLE II BIBLIOMETRIC DATASET CHARACTERISTICS AND
ANALYSIS CONFIGURATION

Parameter Value
Analysis Tools Bibliometric Analysis Tools
Database Scopus
Research Period 2015-2025
Research Area Electric Vehicle Research
Total Publications 8,864
Total Sources 1,959
Total Authors 21,962
Document Type Articles and Reviews
Language English
Analysis Methods Bibliometric Indicators
Evaluation TC, AC, MCP Ratio, CAI, NTC
Metrics
Visualization Network maps apd thematic
analysis

4.2 Publication Trends and Citation Analysis

The trends and the features of citation of electric vehicle (EV)
research publications during 2015-2025 are described in this
part on the basis of the bibliometric data collected in the
Scopus database. As can be seen from table III, there are
8,864 publications with 241,843 citations, which makes 27.3
citations per publication on average. These figures show the
impact of EV research on the scientific sphere. The CAGR
for the annual publication growth rate is calculated at
25.77%, which demonstrates the rapid growth of the research
activity in connection with the increased interest of the world
community towards sustainability, renewable energy, and a
decreased carbon footprint. The research field is
characterized by the cooperation of researchers, and in this
case, there are 21,962 authors in the dataset with 4.16
co-authors per document on average, and the Co-authorship
Index (CAI) of 2.47. Also, the international cooperation of
researchers is shown in 2,674 publications, resulting in the
Multiple Country Publication (MCP) ratio of 30.16%. Thus,
these bibliometric indicators allow for seeing clearly the
development of EV studies in the past ten years (Kumar &
Alok, 2020; Dua et al., 2024).

The main bibliometric indicators of the EVs research
production over the past decade (2015-2025) are provided in
table III and represent an increasing trend in publication
counts, significant citation impact, and increasing global
collaboration. The present research captures the fast-moving
nature of EV research over the past decade.
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TABLE III BIBLIOMETRIC INDICATORS OF ELECTRIC VEHICLE
RESEARCH (2015-2025)

Metric Value
Total Publications 8,864
Total Citations 241,843

Average Citations per Document 27.3
Average Citations per Year per Document 4.56

Annual Growth Rate (%) 25.77
Total Authors 21,962
Co-authors per Document 4.16
Co-authorship Index (CAI) 2.47
International Publications (MCP) 2,674
MCP Ratio 30.16%
References 58,172

4.3 Country Contributions and International Collaboration

This section provides a brief overview of the contribution
made by different countries to the research on electric
vehicles (EVs) along with the level of international
cooperation from 2015 to 2025 (Dua et al., 2024). This
particular country-based bibliometric analysis helps in
identifying the trends of productivity, scientific impact, and
collaboration, which in turn have contributed to the
advancement of EV research worldwide. As evident from the
above data presented in table IV, it can be seen that China is
making the highest contribution in the area of EV research
with a total number of 2,450 publications, followed by the
United States and India, which have contributed 1,520 and
980 publications, respectively to the field of EV research.
China is also among the top countries with high numbers of
citations due to its high research output and continuous
investment in electric mobility technologies (Guo et al.,
2020). MCP ratio is relatively higher for countries such as
Germany, the United Kingdom, and Australia owing to the
fact that international collaboration is quite high in the case
of these countries.

TABLE IV LEADING COUNTRIES CONTRIBUTING TO ELECTRIC
VEHICLE RESEARCH (2015-2025)

Rank | Country | Publications | Citations MC.P
Ratio
1 China 2450 68500 0.32
2 United 1520 54200 | 041
States
3 India 980 21400 0.28
4 Germany 720 19800 0.45
United
5 Kingdom 610 17600 0.48
6 Japan 560 15200 0.36
7 South 485 12600 | 039
Korea
8 Australia 420 10800 0.52
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Fig. 4 Publications and Citation Distribution Across Leading Countries in Electric Vehicle Research (2015-2025)

Tables IV and fig. 4 present the distribution of publications
and citations across these leading countries. According to the
total number of publications, China has been the most
developed in its industries and investments in technologies of
electric mobility, and comes first on this list. However, the
US has the highest impact from citations since its
contribution to the field of sustainable transport, battery, and
smart grid studies (Aminzadegan et al., 2022) is very high.
Other countries such as Germany, the United Kingdom, and
Australia have higher MCP ratios; thus, the level of
cooperation in international research is high. It can be
concluded that EV research is an international research area
where collaboration takes place.
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Fig. 4 presents a graphical representation of the distribution
of publications and citations among the main countries
participating in EV research and shows the most important
countries as well as the distribution among them. From the
graph, it can be seen that China is the most productive
country in research, while the US has a large influence on
citation, meaning that it is quite efficient in its research.
Countries such as Germany, the UK, and Australia have
higher "MCP ratio" and therefore greater international
cooperation in research.
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Fig. 5 Author Co-authorship Network of Electric Vehicle Research (2015-2025) Generated Using VOSviewer

The co-authorship network of leading experts in electric
vehicle research is given in fig. 5. The co-authorship network
suggests the presence of several clustering groups. Each of
these groups is identified by a specific color representing the
group of authors who are collaborating with one another in
the research of electric vehicles. The linking lines indicate the
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extent to which collaboration takes place among the different
researchers, while the closeness of the different authors in
space indicates the extent of research relations. The site
contains several interconnected clusters of research.
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4.4 Research Themes and Future Research Directions

It is clear from the bibliometric analysis that the area of
research in electric vehicles (EV) has progressed from being
a technology-based research area to being a multidisciplinary
research area encompassing sustainability, renewable energy
integration, smart mobility, and policy making (Murugan &
Marisamynathan, 2023; Vasanthkumar et al., 2022). Whereas
the early research was mostly centered on battery technology,

om0 dhargiigiffpsycle
ndbifarsgen ¥ sustiggelty hi
e Ll icles i
o g v Bt R S
o

charging facilities, and the performance of vehicles, the
current studies are increasingly taking into consideration
areas like smart grid integration, vehicle-to-grid (V2Q),
battery recycling, consumer uptake, energy management
through artificial intelligence, and sustainable transport
policy (Majhi et al., 2022; Jin et al., 2024). The need for
increased interdisciplinary collaboration reflects the
changing dynamics of the use of EVs in the context of carbon
neutrality.

Fig. 6 Keyword Co-occurrence Network of Electric Vehicle Research (2015-2025) Generated Using VOSviewer

The keyword co-occurrence network for electric vehicle (EV)
research is illustrated in fig. 6, and it was generated using
VOSviewer. The network highlights the salient research
themes as well as the associations among the most frequently
used keywords in the literature. The central node in the
network is "electric vehicles," indicating that the theme of
electric vehicles is at the center of attention in research, as it
is surrounded by nodes that are interrelated due to the themes
of batteries, charging, renewable energy sources, energy
management, smart grid, sustainability, and environmental
impacts (Krishnan & Kumar, 2022; Nayak et al., 2021). The
colors are utilized to indicate the presence of different
thematic clusters and to show the interdisciplinary nature of
research on EVs and the relationship between energy,
technological, and environmental research. The network
reveals the progression of research into the following areas:
sustainable mobility and intelligent energy management with
renewables (Jiang et al., 2022; Andoni et al., 2019).

V. DISCUSSION

EV Research Literature has witnessed substantial
development in the past decade, from 2015 to 2025, reflecting
the growing importance of sustainability in transportation,
minimizing carbon emissions, and harnessing renewable
energy at the global level. The steady increase in both
publication numbers and citations suggests that EV research
is a highly developed multidisciplinary area of research
encompassing many fields such as electrical engineering,
energy systems, transportation, environment, economy, and
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policies.  Technological  advancement,  government
intervention, and the entire transition towards green mobility
constitute some important factors behind the same.

From the country-wise analysis of the study, it is clear that
China, the US, and India are the leading countries making
significant contributions to EV research. Major investments
in research facilities and electric mobility are made in China,
which is clearly evident from its dominant position in
publishing output. Germany, the UK, and Australia have
higher levels of international cooperation, and the US has a
high level of scientific influence, which is evident in terms of
citation impact. It can be stated that international cooperation
and knowledge sharing have become essential elements of
EV research.

Themes of Research Analysis. It is evident from the research
themes analysis that there has been a change in the research
theme of EVs in the last 10 years. Earlier research was
centered around battery technology, charging stations, and
vehicle efficiency, while the recent research theme is inclined
towards the incorporation of renewable energy sources, smart
grid technology, vehicle-to-grid technology, battery
recycling, consumer adoption, sustainable transport policies,
and intelligent energy management. This theme has been
developed by taking into consideration the aspect that the
success of EVs would require a comprehensive approach.

Even though a substantial increase in the number of
publications has been noted, there are some areas that still
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require attention. Research on artificial intelligence in energy
management, battery circular economy, green charging
stations,  autonomous electric  mobility, lifecycle
sustainability assessment, and sustainable EV wusage in
developing countries can be considered potential future areas
for investigation. In addition, it is vital to note that future
collaboration  between  scientists, industries, and
policy-makers will be essential to deal with the new
challenges and make the transition to sustainable electric
mobility a success at a global level. Therefore, it can be stated
that the results of this study provide a good picture of the
intellectual structure of the EV field and generate valuable
insights that can be used in future research and innovations.

VI. CONCLUSION AND FUTURE WORK

The purpose of this study was to perform a comprehensive
bibliometric analysis of the world's literature on EVs between
2015 and 2025 in the Scopus database. Publication trends,
citation analysis, key authors, journals, countries,
collaboration networks, and research themes were analyzed
using Bibliometrix and VOS viewer. The bibliometric
method helped to provide a systematic review of the
intellectual structure and development of EV research during
the last decade. The findings indicate that research in the area
of EVs has grown in many areas including publications,
impact, and international collaboration. Key contributors to
EV research were China, the United States, and India, and
theme analysis included developing battery technology and
charging facilities, renewable energy integration, smart grid,
vehicle-to-grid, battery recycling, and sustainable mobility.

There are novel areas which require attention in the future,
such as artificial intelligence for energy management, battery
technology innovations, battery recycling, renewable energy
sources for charging infrastructure, autonomous electric
mobility and lifecycle sustainability of batteries. There is an
opportunity for increased collaborative efforts among
researchers both internationally and across different
disciplines, in order to drive innovation and address research
gaps in existing work. The bibliometric analysis conducted
above helps provide a good starting point for researchers and
policymakers interested in exploring further areas of study
related to electric vehicles.
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