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1. Introduction  

Before delving into the main characteristics of articles in bib-

liometric analysis related to Electric Vehicles (EVs), it's crucial 

to establish a foundational understanding of Electric Vehicles. 

To do so, let's commence by exploring the definition of a vehicle. 

According to reputable and widely-recognized sources, a vehi-

cle is described as a mechanical apparatus equipped with an en-

gine, such as an internal combustion engine or an electric motor 

in the case of electric vehicles. Its primary function is the trans-

portation of people or goods, primarily on land. Certainly, 

choosing a definition from a reliable source like Cambridge Dic-

tionary adds clarity to the understanding of the term. Regarding 

the impact of urbanization, it is evident that the ongoing trend of 

urbanization is placing a substantial demand on energy re-

sources while simultaneously contributing to the rise in emis-

sions and waste globally. This poses significant challenges that 

need to be addressed in the context of sustainability and envi-

ronmental impact. If you have specific points or details you 

would like to include or elaborate on, please let me know, and I 

can further assist you. [1–4]. The International Energy Agency 

reports that the global CO2 level surged to its peak at 36.3 gig 

tons in the year 2021. Despite this concerning rise, there is a 

positive aspect as Electric Vehicles (EVs) are actively playing a 

role in reducing emissions [3,5,6]. This situation arises due to 

the pressing issue of global warming, and nations worldwide 

have been addressing this challenge by leveraging the assistance 

of the modern and advanced automotive industry [3,7–9]. As an 
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illustration, in contemporary times, people across the globe have 

universally embraced the term "zero-emission cars" for Electric 

Vehicles. This nomenclature underscores the significance of 

these vehicles in contributing to the preservation of life on Earth 

by mitigating the growth of CO2 levels [10–12].  

There are also some reasons to accept EVs into our social life 

in order to reduce the demand of fossil fuel and improve the con-

tribution rate for saving our clime system as well as grow the 

wishes for using renewable energy among individuals [4,13,14] 

For instance, many countries are actively promoting the integra-

tion of electric vehicles (EVs) into their citizens' daily lives as a 

means of enhancing both their economy and the environment. 

This is attributed to the widespread acknowledgment of electro 

mobility as a pivotal and efficacious solution [12,15,15,16]. 

Hence, numerous initiatives and agreements, such as the France 

Declaration established in 2015, aim to reduce global tempera-

tures by 2 degrees. These efforts rely on the support of a sustain-

able automotive industry and manual cleaning practices [17]. 

Electric Vehicles (EVs) necessitate fewer components com-

pared to fuel-powered cars. For example, EVs utilize emission-

free electric motors and advanced electronic technologies. Inno-

vations in energy management methods are also contributing to 

the efficient operation of EVs, enhancing the overall perfor-

mance of energy sourcing and storage [9,18]. Furthermore, there 

is ongoing growth in the sales of Electric Vehicles (EVs), with 

a significant increase to 16.5 million units sold in 2022, three 

times more than the sales in 2018. Projections suggest that the 

number of EVs in use is anticipated to reach 300 million by the 

year 2050 [5,19,20]. As per the International Energy Agency 

(IEA), the production of electricity through renewable energy 

sources has been advancing. It is recognized as the most efficient 

method for minimizing electricity generation costs compared to 

the use of fossil fuel energy sources [19,21–23]. While Electric 

Vehicles (EVs) may appear ideal to consumers, they do have 

certain drawbacks in daily use. These include challenges such as 

a scarcity of charging stations, extended charging times, and the 

high cost of battery systems for storage [19,24,25]. 

 
2. Materials and Methods 

A substantial amount of research and contributions related to 

Electric Vehicles (EVs) has been conducted, as documented by 

the Scopus database since the discovery of EVs. This work high-

lights some of the major ongoing research and the current con-

ditions of EVs. The primary objective is to disseminate up-to-

date information about EVs and establish connections within the 

database, encompassing top writers, universities, countries, 

sponsors, subject areas, and publication years. The paper in-

cludes a vast array of research dates, types of documents, and 

source titles, providing an extensive overview of EV research. 

Divided into three sections, the paper covers material and meth-

ods. Section 1 (Data collection and the purpose the research) 

collects data and illustrates documents from the Scopus database. 

Section 2 (Data visualization and bibliometric analysis) presents 

the visualized results and discussions by utilizing VOSviewer 

application under the 1.6.18 version, developed by Leiden Uni-

versity in the Netherlands. Finally, Section 3 (Data analysis and 

discussion) comprises a literature review discussing the current 

and future states of electric vehicles based on the analysis con-

ducted using the Scopus database. The inclusion of various dia-

grams, tables, and images enhances the readability and interest 

for readers. 

The major steps involved in the methodology aimed at sys-

tematically collecting, visualizing, and analyzing data from the 

Scopus database. The criteria used in the analysis were carefully 

selected to provide a comprehensive understanding of the cur-

rent state and trends in EV research. Certainly, your explanation 

provides a clear understanding of bibliometric analysis. Biblio-

metric analysis is a fundamental method in research and scien-

tific development that aims to understand authors, establish 

links between research topics in articles, and create systematic 

structures within research papers. This analysis is facilitated by 

the use of computer programs such as VOSviewer and Map 

Chart, which help visualize and interpret the relationships and 

patterns present in academic literature. It plays a crucial role in 

mapping out the landscape of research, identifying influential 

authors, and uncovering the connections between various re-

search themes [4,26–31].  

The materials for the documents were gathered from the Sco-

pus data platform, recognized as an optimal database for biblio-

metric analysis due to its extensive collection of information 

across indexed journals among various disciplines. The wealth 

of data available in this database has been utilized in conducting 

bibliometric analyses for the searches conducted in this review. 

Scopus provides a comprehensive and interdisciplinary ap-

proach, making it a valuable resource for studying and under-

standing research trends, author contributions, and links across 

diverse fields of study [4,15,32,33]. 

Additionally, the bibliometric analysis was visualized and 

constructed using software programs, specifically VOSviewer, 

version 1.6.18, developed by Leiden University in the Nether-

lands. This tool played a key role in visualizing relationships and 

patterns within the collected data, contributing to a comprehen-

sive understanding of the bibliometric landscape associated with 

the research on electric vehicles [9,28,34,35]. The network plat-

form, VOSviewer, provides the capability to categorize the 

number of publications based on publication years, authors, and 

sponsor organizations. It proves to be instrumental in enhancing 

visualizations by linking keywords with different colors, thereby 

improving the overall understanding and interpretation of the re-

lationships between various elements in the dataset. This feature 

contributes to a more nuanced and insightful analysis of the pub-

lications related to electric vehicles [17,24,28,33,36].



 

Ibrokhimjon et al. / International Journal of Automotive Science and Technology 8 (2): 212-224, 2024 

 

214 

 

Fig. 1. Methodology of the review paper and its major steps with analyzed criteria appealed to this work 

The methodology of the review paper involved several key 

steps and criteria, as outlined below: 

o Data collection and describe the main goal of study (STEP 1): 

• Defined search criteria in the Scopus database. 

• Identified records in the Scopus database. 

• Refined the obtained information from the Scopus website. 

o Data visualization and bibliometric analysis (STEP 2): 

• Conducted a bibliometric analysis using VOS viewer software. 

• Examined publications, authors, institutions, countries, and 

other relevant documents. 

o Discussion of data analysis and conclusions (STEP 3): 

• Analyzed and discussed information according to the main 

themes and development trends of Electric Vehicles (EVs). 

• The usage of analyzed criteria to draw conclusions and insights 

from the gathered data. 

The search for data to create the review paper took place on 

January 19, 2023, using the keywords "electric vehicle." The 

search period was intentionally varied to introduce differences 

among articles. The research included a total of 1074 publica-

tions from the Scopus database. Certain limitations, including 

affiliations, top countries, and keywords, were considered, lead-

ing to the generation of network maps. Other data, such as co-

authorships, document types, and various factors, were pre-

sented and illustrated using relevant programs throughout the re-

view. The limitations applied, included some criteria and defi-

nitions. For example, “electric vehicles” was used as key word 

while “engineering” was selected as subject area. English lan-

guage was selected as main language of papers wile pub stage 

was chosen as final stage in the Scopus database. In the search 

of documents, four types of documents like “Conference and re-

view papers, articles and book chapters” were selected as the 

main doc types in this review paper. There are also other limita-

tions according to specific areas researching on electric vehicles 

listed below in the table 1. 

Table 1. List of the countries applied for search as limitations in the 
Scopus database 

List of countries. 

Russian Federation Kazakhstan 

Ukraine Uzbekistan 

Belarus Azerbaijan 

Moldova Tajikistan 

Russia Kyrgyzstan 
 

3. Result and Discussion 

The search in the Scopus database was conducted with limi-

tations and preselection based on affiliation, authors, countries, 

document types, sponsors, sources, subjects, and the number of 

publications in specific years. Utilizing "electric vehicles" as 

keywords, a total of 1074 publications were identified in the 

Scopus database. The analysis of the number of publications 

over the years revealed that in 2020, there were 190 publications, 

marking the highest point for research and work on electric ve-

hicle studies. The publication trend over the years showed a 

gradual increase from 1 to almost 20 between 1985 and 2014. 

STEP 3 

DATA ANALYSIS AND DISCUSSION

Analysis and discussion Literature review and future perspective

BIBLIOMETRIC RESULT BY TOP AUTHORS, UNIVERSITIES, SPONSORS AND OTHERS

STEP 2 

DATA VISUALIZATION  AND BIBLIOMETRIC NETWORK ANALYSIS 

VOSVIEWER: Visualisation of digital information and 
statistics

MICROSOFT EXCEL: Constraction of statistical data 
network

STEP 1

DATA COLLECTION AND DEMONSTRADE THE GOAL OF RESEARCH IN THE FEILD OF ELECTRIC 
AUTOMOBILE INDUSTRY.

KEY WORDS: "Electric Vehicle" or "Electtric Vehicles"

DATABASE: Scopus

ACCESS TIME: 19 January 2023 year.

LITERATURE TYPE: authors, review and confrence 
papers, institutions, countries, and other relevant 

documents.

PERIOD: 1987-2023 years.
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However, there was a substantial rise from 40 publications in 

2015 to 190 publications in 2020. In contrast, the number of 

studies on electric vehicles in the subsequent years, particularly 

in 2021 and 2022, significantly decreased from the peak 190 

documents in 2020 to 83 research papers in 2022. It describes 

that during three years, there has been a significant decrease in 

the research of electric vehicles until access time to collect data 

from Scopus database on January 19, 2023. Moreover, only 2 

publications were recorded at the beginning of 2023 based on 

the specified preselection and limitations. The line graph illus-

trates the number of yearly publications connected with electric 

vehicle in Figure 2. 

The search for data in order to compare the number of publi-

cations took place on March 21, 2024, using the same structure 

of limitations as before. The usage of "electric vehicles" as key-

words, a total of 1321 documents were identified in the Scopus 

database. In comparison with Figure 2, in Figure 3, there was a 

considerable number of improvements in the electric vehicles’ 

studies during the decade, while the number of publications be-

tween the years 1987 and 2014 was a gradually rose from 1 to 

20 publications in those selected areas. 192 research papers pub-

lished associated with research of electric vehicles in 2020 was 

top moment. After high point of the number of publications, it 

was fluctuated during 3 years from 192 to 181 papers despite the 

dramatic decrease in 2021 year. At the beginning of 2024 year, 

the number of publications in electric vehicles’ studies has 

reached 22 papers till March 21, 2024. According to the com-

parison of both figures, there would be a significant increase in 

the following days and years in the field of research of EVs. For 

instance, in the beginning of 2023 year during 20 days there are 

only 2 publications connected with EVs’ studies. However, dur-

ing 80 days in the beginning of 2024 year, 22 papers in the Sco-

pus database associated with research area of EVs. If we simply 

calculate with dividing days by the number of published docu-

ments, we can see the results for each condition. According to 

the simple calculations, the number of publications in 2024 will 

become over 200 research papers. The following equations (1-

3) will describe the way of calculations to predict the number of 

publications in 2024 year. 

𝐴𝑑𝑎𝑦𝑠= the number of annual predicted publication (1) 

𝐴𝑑 =
𝐷𝑎𝑦𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠
=  

20

2
= 10 𝑑𝑎𝑦𝑠 (2) 

for each publication. 

𝐴𝑑 =
𝐷𝑎𝑦𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠
=  

80

22
= 3.63 𝑑𝑎𝑦𝑠  (3) 

almost 4 days for each application.

 

Fig. 2. Annual publications by the usage of key words “electric vehicles” 

 
Fig. 3. Yearly publications connected with the field of EVs 
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In relation to document types, the 1074 documents can be cat-

egorized into four groups: 1) Conference papers (663 = 61.7%). 

2) Research articles (381 = 35.5%). 3) Book chapters (16 = 

1.5%). 4) Review articles (14 = 1.3%). The findings indicate a 

significant increase in the examination of electric vehicles and 

the publication of related content in Scopus database journals, 

particularly in the year 2020, as outlined in the classification of 

document types presented in Figure 4 using a line graph. 

Researchers and scientists have been conducting researches 

and analyses in order to obtain much information about impacts 

of electric vehicles so far. For example, this report includes only 

160 publications of authors and the number of articles is differed 

from 1 to 24 research paper which are suitable to each author. 

Although, some authors published 2 or more articles and re-

search papers in the journals of Scopus database, but some of 

them have only 1 publication on the database of Scopus linked 

with electric vehicle. However, Figure 5 consists of only top 11 

authors who wrote and had more documents based on the theme 

of electric vehicle. Bagheri, M is the top writer with 25 docu-

ments on the Scopus database regarding to the key words, while 

other such as Anuchin A, Lu M, Farrokhifar M, Karpukhin K, 

Terenchenko A, and finally Karpukhin K have publications with 

differing from 11 documents to 16 papers respectively. 

 
Fig. 4. Types of publications on electric vehicle studies. 

 

Fig. 5. Top authors of publications based on the number of documents on the Scopus database 

Figure 6 depicts the countries that have contributed the most 

research papers in the Scopus database based on keyword re-

strictions. As evident from the bar chart, the majority of research 

papers, accounting for 61% of publications, were conducted by 

the Russian Federation with 768 documents. Ukraine follows as 

the second leader in electric vehicle research, contributing 218 

documents (17%). The United States holds the third position 

with 54 documents (4%). Additionally, Egypt is the lowest con-

tributor among the mentioned countries, reporting 15 (1%) pub-

lications on electric vehicles in the Scopus database. The index 

of research papers on electric vehicle studies from countries like 

Kazakhstan, China, United Kingdom, Germany, Iran, Belarus, 

and Poland ranged from 46 (4%) to 18 (1%) respectively. 

To enhance the visibility of the indicators for the top countries 

in electric vehicle studies, a Map chart was organized using the 

Map Chart online platform. This additional visualization tool 

aims to provide a clearer representation of the geographical dis-

tribution of research contributions in the field of electric vehi-

cles across different countries (27). As a result, the visualization 

of the top publisher countries has been presented in the Figure 

7. 
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The countries with the highest research outputs in Electric 

Vehicles (EVs) are as follows: 

Russian Federation: 768 documents (61% of publications) 

Ukraine: 218 documents (17%) 

United States: 54 documents (4%)  

Kazakhstan, China, United Kingdom, Germany, Iran, Belarus, 

and Poland: Ranging from 46 (4%) to 18 (1%) documents each. 

These countries have shown significant productivity in terms 

of contributing research papers on electric vehicles. 

 

Fig. 6. The list of top countries on the electric vehicle research papers. 

 
Fig. 7. The most productive countries in EVs research outputs 

Another supportive result from our bibliometric analysis is 

that the most publications in the electric vehicle studies of uni-

versities are included in the following section. According to the 

Figure 8, the leadership in the publication of research paper re-

lated to EV research area belongs to the South Ural State Uni-

versity with 47 publications. In general, total number of research 

paper of EV studies is 1074 but only 160 universities have pub-

lished their research papers on the Scopus database related to the 

limitations of search. To be more precise, Kazan State Univer-

sity of Architecture and Engineering has had only 3 publications 

of electric vehicle studies, while Ural Federal University, Bau-

man Moscow State Technical University and National Research 

University “Moscow Power Engineering Institute” printed their 

27 publications. Moscow Aviation Institute National Research 

University and Skolkovo Institute of Science and Technology 

had the same indicators in the electric vehicle research paper 

with 30 documents. The index of publications of electric vehicle 

studies is differed from 34 to 47 documents following by Naz-

arbayev University and South Ural State University which is 

leader in the printing research papers on the Scopus database. 

The search and data were limited by the universities of the Asian 

counties.  

Another crucial aspect to analyze in this paragraph is the se-

lection of journals. Journal selection is paramount for both pub-

lications and the general readership, ensuring the acquisition of 

credible and valuable information related to the research theme. 

The choice of journals is intertwined with important and signif-

icant factors, including the journal's h-index and its publication 

requirements. These considerations play a vital role in ensuring 

the reliability and impact of the information presented in the 

publications [33,37–39]. 
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The search yielded a total of 1074 research papers from the 

Scopus database related to electric vehicles. Notably, the IOP 

Conference Series Materials Science and Engineering emerged 

as one of the primary sources, contributing 76 documents to the 

electric vehicle studies. On the other end of the spectrum, the 

Lecture Notes in Electrical Engineering source in the Scopus da-

tabase had the lowest number of research papers on electric ve-

hicles, totaling 6 documents. 

As shown in table 2, the number of publications on electric 

vehicle studies varies, ranging from 6 documents in the Lecture 

Notes in Electrical Engineering to 47 documents in the Russian 

Electrical Engineering journal. Some journals, such as Mechan-

ical Engineering and Technology, Naukovyi Visnyk Natsional-

noho Hirnychoho Universytetu, and Russian Engineering Re-

search, share the same publication indicators. SAE Technical 

Papers secured the third position with 34 documents in the 

sources of the Scopus database concerning electric vehicle stud-

ies. 

The significance of sponsors in converting research and inno-

vations into reality is paramount. The bar chart illustrates some 

of the top sponsors that have supported a range of articles and 

conference papers for the publication of research on electric ve-

hicles.  According to Figure 9, the Ministry of Education and 

Science of the Russian Federation has been a major supporter, 

backing 72 projects to disseminate their articles and works glob-

ally. Russian Foundation for Basic Research and Russian Sci-

ence Foundation supported 27 and 24 articles and conference 

papers, respectively. Nazarbayev University, National Natural 

Science Foundation of China, and Government Council on  

Grants in the Russian Federation sponsored 14, 13, and 11 

documents, respectively. Additionally, the European Regional 

Development Fund contributed 8 research papers to publish doc-

uments related to their projects on the Scopus database. The 

Ministry of Education and Science of the Republic of Kazakh-

stan and the Ministry of Education and Science of Ukraine both 

sponsored an equal number of projects, resulting in 8 documents 

each. Notably, the Ministry of Science and Higher Education of 

the Russian Federation provided sponsorship for 9 research pro-

jects related to Electric Vehicles (EVs).  

 
Fig. 8. The list of top universities related to the publications of the 

electric vehicle on the Scopus database 

 

Table. 2. Number of publications on the electric vehicle studies ac-
cording to the sources of Scopus database 

№ Title of Scopus source 
Number of 

publications 

1.  Russian Engineering Research 12 

2.  Matec Web Of Conferences 10 

3.  
Proceedings Of The International Astronauti-

cal Congress Iac 
10 

4.  Applied Sciences Switzerland 8 

5.  Acta Astronautica 7 

6.  IEEE Access 7 

7.  
Proceedings Of SPIE The International Soci-

ety For Optical Engineering 
7 

8.  IEEE Transactions On Vehicular Technology 6 

9.  
International Journal Of Applied Engineering 

Research 
6 

10.  Journal Of Thermoelectricity 6 

11.  Lecture Notes In Electrical Engineering 6 

12.  
IOP Conference Series Materials Science and 

Engineering 
76 

13.  Russian Electrical Engineering 47 

14.  SAE Technical Papers 34 

15.  Energies 21 

16.  Lecture Notes In Mechanical Engineering 20 

17.  Technical Electrodynamics 15 

18.  
Advances In Intelligent Systems And Compu-

ting 
14 

19.  Procedia Engineering 14 

20.  
Eastern European Journal Of Enterprise 

Technologies 
13 

21.  
International Journal Of Mechanical Engi-

neering And Technology 
12 

22.  
Naukovyi Visnyk Natsionalnoho Hirnychoho 

Universytetu 
12 

 

Fig. 9. The list of top sponsors on the research and publications of 
electric vehicle studies on the Scopus database 
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Moreover, the correlation between engineering and other 

fields of study is highly significant, with engineering playing a 

crucial role in improving the performance of various special-ties 

in our community. Particularly in the realm of vehicle engineer-

ing, engineering is indispensable for our daily routines. Accord-

ing to table 3, the number of publications in the field of electric 

vehicle research is outlined across different subject areas. Engi-

neering emerges as the most productive specialty with 1074 doc-

uments, followed by Energy and Computer Science at the 2nd 

and 3rd positions with 277 and 268 research papers, respectively. 

Notably, even fields like Psychology and Pharmacology, Toxi-

cology, and Pharmaceutics, which may not be directly associ-

ated with electric vehicles, have each published one paper in this 

domain. Table 3 also presents other subject areas that have con-

tributed documents on electric vehicle studies to the Scopus da-

tabase. 

Table. 3. Quantities of research papers on electric vehicle related to 
field of specialization 

№ Subject area 
Number of 

pubications 

1.  Engineering 1074 

2.  Energy 277 

3.  Computer Science 268 

4.  Mathematics 215 

5.  Materials Science 182 

6.  Physics and Astronomy 153 

7.  Environmental Science 68 

8.  Earth and Planetary Sciences 55 

9.  Chemical Engineering 50 

10.  Social Sciences 49 

11.  Decision Sciences 36 

12.  Business, Management and Accounting 24 

13.  Chemistry 19 

14.  Agricultural and Biological Sciences 7 

15.  Medicine 6 

16.  
Biochemistry, Genetics and Molecular Biol-

ogy 
5 

17.  Economics, Econometrics and Finance 5 

18.  Arts and Humanities 3 

19.  Multidisciplinary 2 

20.  Pharmacology, Toxicology and Pharmaceutics 1 

21.  Psychology 1 

Certainly, extracting main keywords and delving into the con-

tent of each document are crucial aspects of bibliometric analy-

sis, enhancing the comprehensibility of articles. The visualiza-

tion of keywords can significantly influence the identification of 

trends and extensions within the field of study, providing in-

sights into total link strengths based on keywords. In the analysis 

of keywords associated with Electric Vehicles (EVs), a total of 

8654 mentions were identified in this review paper. Furthermore, 

the number of co-occurrences of keywords in each article and 

research paper is 59, based on the limitation of frequency set at 

25 times. More detailed information about the usage and occur-

rences of keywords can be obtained from the visualization pre-

sented in Figure 10. This figure provides a comprehensive over-

view of the distribution and relationships among keywords, of-

fering valuable insights into the key thematic elements within 

the electric vehicle studies covered in the analyzed documents. 

Regarding Figure 10, while the keywords were categorized 

into five clusters, the most prominently highlighted keyword 

across all clusters is "electric vehicle." The figure illustrates that 

the term "EVs" is consistently and predominantly used in all 

clusters. Each cluster is distinguished by a unique color, and the 

range of total link strength is presented. 

To provide more precision about the clusters: 

The 1st cluster (red) encompasses diverse terms related to the 

automobile, such as electric power transmission and electric 

power systems. 

Cluster 4 (lilac) focuses on engines, control systems, and 

other related aspects. 

The 2nd cluster concentrates on parts of electric cars, empha-

sizing terms like electric drives and electric machine control. 

Cluster 3 (green) highlights the term "vehicle and electric 

power systems" and emphasizes the efficiency of power elec-

tronics and electric inverters, with references to winding and 

magnetic levitation vehicles. 

The final cluster, cluster 5 (yellow), emphasizes the common 

usage of the term "Unmanned Aerial Vehicles (UAV)," indicat-

ing the widespread application of electric vehicles in military 

services.  

Additionally, table 4 provides important details, including the 

number of total link strength and frequency of occurrences, 

across all 1074 documents. This table offers a comprehensive 

overview of the significance and prevalence of various key-

words within the electric vehicle studies analyzed in this review. 

 

Fig. 10. Network visualization of key words based on the total link 
strength 
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Table. 4. Frequency of occurrences and the number of total link strengths 

ID
  

n
u
m

b
er

 

K
ey

w
o
rd

 

O
cc

u
rr

en
ce

s 

T
o
ta

l 
li

n
k
 

st
re

n
g
th

 

350 Antennas 49 110 

486 Automobile manufacture 25 78 

497 Automobiles 30 131 

934 Charging (batteries) 75 321 

946 Charging station 30 130 

1348 Control systems 50 170 

1363 Controllers 32 106 

1599 DC-DC converters 31 134 

1797 Digital storage 25 85 

2107 Efficiency 33 87 

2143 Electric automobiles 34 138 

2145 Electric batteries 30 137 

2186 Electric discharges 32 73 

2190 Electric drives 135 529 

2222 Electric generators 27 87 

2239 Electric inverters 30 154 

2252 Electric machine control 71 360 

2270 Electric motors 31 120 

2303 Electric power supplies to apparatus 32 113 

2305 Electric power system control 25 112 

2313 Electric power systems 83 292 

2316 Electric power transmission networks 44 145 

2323 Electric propulsion 29 49 

2359 Electric traction 104 477 

2368 Electric transport 27 98 

2376 Electric vehicle 110 380 

2393 electric vehicles 209 746 

2395 electric vehicles (EVs) 27 86 

2400 Electric windings 36 163 

2712 Energy efficiency 91 330 

2734 Energy management 25 94 

2769 Energy storage 44 157 

2789 Energy utilization 46 181 

2819 Engines 31 103 

3828 Hybrid vehicles 59 233 

3982 Induction motors 40 194 

4151 Internal combustion engines 31 112 

4421 Lithium-ion batteries 35 121 

4601 Magnetic levitation vehicles 34 91 

4668 Manufacture 30 114 

4736 Matlab 29 149 

5555 Optimization 41 115 

5734 Permanent magnets 30 128 

5989 power electronics 25 110 

6100 Powertrains 28 114 

6203 Propulsion 33 99 

6546 Renewable energy resources 32 108 

6653 Roads and streets 33 94 

6781 Secondary batteries 80 358 

7904 Traction control 45 242 

7925 Traction motors 91 481 

8204 Unmanned aerial vehicle 28 74 

8208 Unmanned aerial vehicles (UAV) 65 149 

8291 Vehicle 25 75 

8354 Vehicle transmissions 45 159 

8360 Vehicle wheels 26 85 

8364 Vehicle-to-grid 30 110 

8370 Vehicles 130 420 

8575 Winding 32 137 

Certainly, another important aspect to be analyzed is the cat-

egorization of electric vehicles into distinct groups. According 

to the categories of electric vehicles, there are five highlighted 

groups, as discussed in the following paragraph [5,9,31,40–43] 

Battery Electric Vehicles (BEVs): 

Battery Electric Vehicles (BEVs) are 100% electric vehicles 

that operate solely on the energy derived from electricity. These 

vehicles are equipped with an electric motor, an electric storage 

battery, and controllers. The electric motor is responsible for 

powering the vehicle, drawing energy from the onboard battery, 

making BEVs a fully electric and environmentally friendly 

transportation option [38,44]. 

Hybrid Electric Vehicles (HEVs): 

Hybrid Electric Vehicles (HEVs) offer increased convenience 

compared to Battery Electric Vehicles (BEVs) due to their utili-

zation of two energy sources. These vehicles incorporate both a 

traditional internal combustion engine and an electric motor, al-

lowing them to operate using either power source or a combina-

tion of both. The dual power sources enhance flexibility and ef-

ficiency in hybrid vehicles [7,9,45–48]. Hybrid Electric Vehi-

cles (HEVs) are further classified into different series, such as 

parallel or power-split hybrids. Unlike Battery Electric Vehicles 

(BEVs), HEVs do not require external recharging, and there is 

no need to plug them into the electrical power system to charge 

the battery. Instead, these hybrid vehicles generate electric 

power through internal processes, providing a self-sustaining 

power source for the electric motor [4,7,15,35,49,49–51]. 

Plug-In Hybrid Electric Vehicles (PHEVs): 

Plug-In Hybrid Electric Vehicles (PHEVs) share characteris-

tics with hybrid cars, featuring both an internal combustion en-

gine and an electric motor. However, what sets PHEVs apart is 

their capability to be recharged by plugging into the electrical 

network. This allows users to replenish the electric power stor-

age by connecting the vehicle to an external power source, of-

fering the flexibility of electric-only driving for a certain dis-

tance before the internal combustion engine engages 

[7,10,15,35,49,50]. 

Fuel Cell Electric Vehicles (FCEVs): 

Fuel Cell Electric Vehicles (FCEVs) employ an electric 

powertrain similar to Battery Electric Vehicles (BEVs). How-

ever, the distinctive feature of FCEVs is that they generate elec-

tricity by utilizing a fuel cell energized by hydrogen. These ve-

hicles are often classified as zero-emission vehicles, as they pro-

duce electricity through the chemical reaction of hydrogen and 

oxygen in the fuel cell, emitting only water vapor as a byproduct 

[35,38,43]. 

Extended Range Electric Vehicles (EREVs):  

Extended Range Electric Vehicles (EREVs) are engineered to 

operate by utilizing fuel for energy consumption while simulta-

neously generating electricity to charge the onboard battery sys-

tem. In EREVs, the internal combustion engines have the spe-

cific function of charging the battery and are not directly con-
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nected to the wheels of the vehicle. This design provides ex-

tended range capabilities, offering a combination of electric-

only driving and the ability to use fuel for longer distances 

[31,51,54,55]. 

In the context of interactions with networks and environmen-

tal sources, Electric Vehicles (EVs) can operate in various types 

of working modes, including loading and unloading modes. 

There are distinct working modes associated with electrical net-

works. For example, Grid-to-Vehicle (G2V), Vehicle-to-Grid 

(V2G), Vehicle-to-Home (V2H), and Vehicle-to-Building 

(V2B). These modes define how electric vehicles can interact 

with the electrical grid, homes, and buildings in terms of energy 

flow and utilization [7,56–60]. When Electric Vehicles (EVs) 

are plugged into the electrical mains for charging the battery, the 

converter and rectifier play a crucial role in controlling the en-

ergy flow between the engine and battery systems. These com-

ponents manage the conversion and rectification of electrical en-

ergy to ensure efficient charging and operation of the EV. The 

converter and rectifier work together to regulate the flow of en-

ergy, optimizing the charging process and overall performance 

of the vehicle's electrical systems [17,39,44,58,60]. 

The battery management system (BMS) plays a pivotal role 

in Electric Vehicles (EVs). The BMS is responsible for ensuring 

the proper functioning of EVs by controlling and overseeing es-

sential processes such as loading and unloading, data acquisition, 

thermal management, and monitoring the charging state. It is a 

critical component that actively manages and maintains the 

health, performance, and safety of the battery in an electric ve-

hicle. The BMS helps optimize the overall operation of the bat-

tery, ensuring efficient energy usage and extending the lifespan 

of the battery pack [4,8,16]. The battery charging state is a fun-

damental and significant technology in Electric Vehicles (EVs), 

providing essential information to drivers about the driving sit-

uation and offering data related to the charging and discharging 

of the battery. This technology plays a crucial role in keeping 

drivers informed about the current status of the vehicle's battery, 

enabling them to make informed decisions regarding charging 

and usage. It enhances the overall user experience by supplying 

real-time data that contributes to efficient and optimized man-

agement of the electric vehicle's energy resources [58-60]. In-

deed, currently, lithium-ion batteries are commonly integrated 

into the technologies of battery systems for Electric Vehicles 

(EVs) due to their high energy density, power, and efficiency. 

Lithium-ion batteries have become a popular choice in the elec-

tric vehicle industry because they offer a favorable combination 

of energy storage capacity, power output, and overall efficiency. 

This technology contributes to enhancing the performance and 

range of electric vehicles, making them a practical and efficient 

choice for contemporary electric transportation [8,54]. While 

lithium-ion batteries are widely adopted for their low discharge 

rate and high voltage, they come with certain drawbacks that are 

acknowledged across manufacturing factories. These drawbacks 

include relatively long charging times, high material costs, and 

concerns regarding safety for passengers and drivers. Despite 

their popularity, addressing these challenges remains a focus of 

ongoing research and development efforts in the electric vehicle 

industry to further improve the technology [7,9,15].  

Furthermore, there is noteworthy information about the cur-

rent state of Electric Vehicles (EVs) in Uzbekistan. According 

to the Statistic Agency under the President of the Republic of 

Uzbekistan, the agency reported that the number of imported 

EVs to Uzbekistan was approximately 800 from January to Feb-

ruary in the year 2023. The ownership of Electric Vehicles 

(EVs) cost consumers approximately $26.8 million USD. In the 

full year of 2022, the number of imported EVs to Uzbekistan 

reached about 2,180, with an expenditure of $69.8 million USD. 

It's noteworthy that there was a notable increase in the quantity 

of imported EVs to Uzbekistan, with an additional 1,371 imports 

in the year 2021 [18]. 

 
4. Conclusion  

This review paper offers comprehensive information about 

Electric Vehicles (EVs) that have been researched thus far. The 

research on EVs has witnessed remarkable and sustained pro-

gress across countries worldwide since the discovery of EVs. 

Additionally, EVs have become a subject of great interest for 

educational institutions and manufacturing companies. Among 

the countries discussed in this review paper, Russia stands out 

with the highest percentage of publications on the theme of EVs, 

contributing to 61% of the total publication percentage among 

the selected countries. Ukraine follows in the second position, 

actively engaging in research on EVs, while Egypt holds the last 

position with only 15 (1%) of all research papers published 

among the selected countries. Examining the top writers among 

publishers, Bagheri, M emerges as the top contributor with 25 

documents in the Scopus database related to the keywords. 

Other prominent writers, such as Anuchin A and Lu M, have 

publications ranging from 11 documents to 16 papers, respec-

tively. The most common form of publication for EV-related re-

search is in the form of conference papers, with the IOP Confer-

ence Series Materials Science and Engineering leading in the 

number of published papers on the theme of EVs. 

The analysis of the most cited keywords has revealed several 

significant challenges in the realm of Electric Vehicles (EVs). 

Notably, issues such as energy storage systems, battery manage-

ment systems, and the impact of temperature on battery working 

principles have garnered attention from researchers. Scientists 

are particularly focused on optimizing battery management sys-

tems and finding ways to enhance temperature reduction strate-

gies. Another emerging problem in the EV domain involves the 

exploration of new technologies, including Intelligent Battery 

Systems (IBS) and Integrated Thermal Management Systems 

(ITMS). Researchers are actively engaged in manufacturing the 

main components of batteries using newly researched materials. 

Charging systems pose yet another challenge in the EV land-

scape. Presently, scientists and EV manufacturing companies 

are working towards the development of new charging systems 
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aimed at reducing charging times and improving overall effi-

ciency. One such innovation is the Wireless Power Transfer Sys-

tem (WPTS) for cars, which holds promise as a prospective so-

lution for the future of EV charging systems.  

Electric Vehicles (EVs) are currently playing a crucial role in 

reducing greenhouse gases and emissions. They are actively un-

dergoing development for future prospects, with support from 

governmental agreements in various areas, leading to invest-

ments in practical and financial projects. The outcomes of these 

studies and research can serve as contributors to the continuous 

improvement of EV performance across various aspects of our 

lives. Looking ahead, advancements in EV technology can lead 

to increased energy storage system capacity, enhanced passen-

ger security, and optimized charging systems. Future develop-

ments may provide faster and simpler charging methods, along 

with expanded charging point infrastructure. Additionally, there 

is a focus on utilizing new sources of energy, such as renewable 

energy sources like solar energy and wind energy. These devel-

opments not only benefit the environment but also hold the po-

tential to enhance the quality of life for people in society in the 

future. 
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ITMS : integrated thermal management system 

Kwh : kilowatt-hour 

PHEVs : plug-in hybrid electric vehicles 

UAV : unmanned aerial vehicles 
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V2H : vehicle-to-home 
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