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Abstract

Research on the emission reduction potential of electric vehicles (EVs) offers significant insights for

the transportation sector to mitigate the effects of human-induced climate change. Despite the growing

interest in topic, a comprehensive literature compilation remains unavailable. To better understand

the research progress and evolution of EVs’ emission reduction, we analyzed 1,984 articles published

between 1993 and 2023. These articles, sourced from the Web of Science core collection, focus on

the themes of "electric vehicle" and "emission reduction". Visualization tools such as CiteSpace, VOS

viewer, and R-studio-based Bibliometrix were employed for a detailed bibliometric and thematic

analysis. This paper presents the development trends of international publications, the key collaborations

between international authors and institutions, a map of leading research centers on the topic, and

a visualization of applied disciplines involved in this field. Building on the visualization analysis results,

this paper further explores the emission reduction of EVs in various application scenarios, and examines

the impacts of EV incentive policies on emission reduction.
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Introduction

In recent years, the continuous increase in carbon
emissions has significantly contributed to global climate
change [1]. The latest International Energy Agency
(IEA) statistic shows that global CO, emissions in
2021 were 36,257 Mt, more than three times higher

*e-mail: liwenbo@jsnu.edu.cn

than in 1960. To address the problem of global climate
degradation, countries have begun actively developing
decarbonization measures [2]. With the increasing
number of motor vehicles, approximately a quarter of
global carbon emissions come from the transportation
sector, making it a primary focus for reducing carbon
emissions [3, 4]. Thus, a sustainable low-carbon
transportation system is required [5], and EVs are
garnering attention from various societal sectors [6].
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Compared to conventional fuel vehicles (CFVs), EVs
offer substantial advantages in replacing fossil energy
consumption and reducing carbon emissions [7].
Consequently, the development of EVs has become
a strategic consensus among nations to achieve
energy-saving and emission-reduction targets in the
transportation sector [8§].

In 2012, only 120,000 EVs were sold worldwide,
representing a negligible share of the overall automotive
market. To promote large-scale EV development,
many countries such as China and the USA have
introduced various policies and measures, such as
purchase subsidies, tax exemptions, exemptions from
registration, and driving restrictions [9]. Furthermore,
with advances in technology, significant reductions
in Dbattery costs, and improvements in battery
capacity, EVs are becoming more competitive in terms
of price and range compared to CFVs [10]. As a result,
EVs are gaining acceptance among more consumers,
and their share of the automotive market is growing.
With global ownership of 16.5 million EVs, global
sales in 2022 reached a new record high of 7.8 million
(five times the sales in 2019), and the global electric
car market share surpassed 10% for the first time,
surpassing 8.3% in 2021. The IEA predicts that global
EV sales increase to 43 million by the end of 2030
(about 30% of total vehicle sales, excluding two- and
three-wheelers) to meet the Paris Agreement’s goal of
limiting global warming to 2°C. With the large-scale
promotion of EVs, massive electricity demand will
change the spatial pattern of energy use and carbon
emissions in various countries. Numerous studies
have been conducted to analyze the entire life cycle of
vehicles to understand the energy savings and emission
reductions achieved by EVs. Due to differences in EV
technology levels, resource endowment, infrastructure,
user travel patterns, inconsistent model settings,
and system boundaries across different studies, the
conclusions of extant studies are not uniform. There is
an urgent need for a systematic review of the existing
research results and gaps, which will help researchers
understand the current research status and future
priorities in this field.

Scholars typically extract relevant papers based
on specific topics and further describe the analysis in
the traditional literature review writing process [11].
In contrast to traditional approaches, this paper employs
the scientometric visual analysis method proposed
by Chen et al. [12], which combines the research
method of scientometrics with in-depth thematic
analysis. This study offers three marginal contributions:
first, we organize and present a comprehensive
overview of available research. Second, we describe
research  hotspots and identify gaps. Finally,
we further analyze research directions and make
recommendations for the development of EV emission
reduction.

Material and Methods
Method

For this paper, we used CiteSpace, VOSviewer,
and the R-studio-based Bibliometrix toolkit for visual
analysis. As popular and practical visualization tools, the
analytical perspectives of CiteSpace and VOSviewer are
similar, encompassing authors, institutions, countries,
keywords, and literature co-citation. Compared to
VOSviewer, CiteSpace can further extend the analysis
of each node’s attributes, making it more convenient
for researchers to gain in-depth understanding.
Additionally, the analysis perspective of the R-Studio-
based Bibliometrix toolkit is more comprehensive.
Combining these tools can make the literature review
more rigorous and reliable, helping scholars identify the
research focus and future research trends.

First, we used the R-studio-based Bibliometrix
toolkit to sort out the timeline of publications; Second,
VOSviewer and R-studio-based Bibliometrix were
employed to visually analyze the publications of
authors, institutions, and countries. Third, CiteSpace,
VOSviewer, and R-studio-based Bibliometrix toolkit
were combined to analyze the keywords of the collected
literature from multiple angles. Finally, we summarized
the published and cited journals using R-studio-based
Bibliometrix, and outlined the disciplines to which
the journals belong by utilizing CiteSpace’s dual-map
overlay function. Based on the visualization, a thematic
analysis was conducted in conjunction with highly cited
literature. This analysis includes an in-depth discussion
of the current status of EV emission reduction, an
examination of EV application fields, and an evaluation
of the emission reduction effects of EV incentive
policies.

Temporal Distribution of Publications
and Spatial Analysis

The R-studio-based Bibliometrix was employed to
analyze the collected literature from a time dimension to
understand their trends during the past 30 years. Then,
an interactive map of the country’s publications was built
to help understand the density of cooperation among
nations and which ones have contributed substantially to
this field. Simultaneously, the VOSviewer tool was used
to create visual maps of authors and institutions. Each
node in the maps represents an author or institution, with
larger nodes reflecting more publications. Cooperative
clusters are shown by nodes of the same color, with
connecting lines representing author or institution
collaboration. The thicker the connecting lines, the
closer the cooperation.

Keyword Analysis

Keywords serve as a central summary of the
literature. Visual analysis of keywords can help
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researchers better understand past research results,
current research status, and predict future research
trends. Commonly, keywords include Keyword(Au)
and Keyword-plus. The former refers to the keywords
marked by the authors of the literature themselves, and
the latter concerns the keywords added to the paper by
the Web of Science database to increase the hit rate of
the article under related topics; both are synthesized
into All-keywords. This paper analyzes keywords from
two angles: keyword dynamic changes and clustering.
The dynamic keyword change analysis aims to clarify
the key research directions at each stage from different
periods. Based on the similarity of keyword attributes,
the keyword clustering analysis uses the same colors
to cluster keywords for easy summarization. Finally,
the highest-frequency keywords are presented to help
identify the research focus in this field.

Journal Analysis

Based on the R-studio-based Bibliometrix software,
the journal analysis is conducted from two perspectives:
published and cited journals. The most representative
published and cited journals were presented in the
field of EV emission reduction, which facilitated later
scholars to select journals for targeted reading when
studying this field.

Furthermore, this paper presents the main
disciplines involved in the journals with the application
of CiteSpace. This intends to help scholars discover the
key applied disciplines in this field.

Data Collection

Due to varying academic expressions in different
countries, the terms for the research topic are diverse.
For example, the common scholarly expressions for
the topic of this paper include New Energy Vehicles,
Electric Vehicles, Fuel Cell Vehicles, and Plug-in Hybrid
Electric Vehicles, among others. The following steps
were developed to ensure a sufficient and comprehensive
collection of documents. First, we reviewed many
papers to compile the commonly used subject terms in

Timespan

1993:2023

Authors of single-authored do
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Author's Keywords (DE)

5151

Fig. 1. Main data information.

International Co-Authorship

this research field and searched the Web of Science core
database, which retrieved 2,040 relevant documents as
of December 2, 2022. Second, the retrieved publications
were refined by filtering the paper type to “Article” and
“Review”, and the language type to “English”. Then,
papers unrelated to EV emission reduction were filtered
out. Finally, a total of 1,984 pieces of literature met the
requirements of this article and were incorporated into
the visual analysis object.

Based on the R-studio-based Bibliometrix toolkit, we
present the main information concerning the collected
literature (see Fig. 1). The figure provides the following
information. First, the period is 1993-2023, revealing
that this research field existed for 30 years. Second, the
annual growth is at 3.1%. Evidently, as time progresses,
more scholars devote themselves to this field, leading to
increasing research outcomes. Third, the international
author cooperation rate is 28.98%, and each paper
has an average of four scholars actively participating
in international academic cooperation. Fourth, each
document references 31.8 articles on average, with a
service life of 4.84 years. Fifth, there are 5,151 author
keywords in the collected literature, reflecting the
diversification of research content.

Results and Discussion
Temporal Analysis

The publication trend regarding the number of
papers published is a quantitative indicator of scientific
activity and interest in a specific topic. As shown
in Fig. 2, the past three decades can be divided into
four stages: low-speed development stage (1993-2009),
slow growth stage (2010-2014), slight regression stage
(2015-2016), and blowout growth stage (2017-2022).
Before 2009, the volume of publications remained below
10 articles per year. Between 2009 and 2015, the annual
publication volume ranged from 10 to 100. It underwent
a decline between 2015 and 2016, but increased
swiftly in 2017. The marked increase in output began
in 2019, when the annual number of published papers

Annual Growth Rate

3.1%

Co-Authors per Doc

28.98 % 4.05
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Fig. 2. Temporal distribution of publications.

exceeded 200, reaching over 250 papers per year from
2020 onward. Finally, the publication reached its apex
between 2021 and 2022. Apart from the growing interest
in this field, this indicates that research on EV emission
reduction has risen to a more prominent position.

Spatial Analysis
Author Analysis

Fig. 3 represents the analytical results of the 1,984
literature sources on the collaboration between authors.
Due to the high number of authors, VOSviewer was
employed to screen authors with more than 5 articles.
A total of 65 people met the qualifications, and different
color nodes identified 28 collaborative groups. For
example, the authors with the surnames He, Zhang, Wu,
and Hao form a small cooperative group. Furthermore,
authors such as the surnames Gregory A., Hyung Chul,
and Timothy J. play a mediating role, linking different

Table 1. Top 10 authors with the most publications.

Author Documents | Citations Tg:felnléi:}llk
Keoleian, Gregory A. 25 835 33
Kim, Hyung Chul 20 295 29
Kucukvar, Murat 18 784 23
Liu, ZongWei 16 539 24
Messagie, Maarten 15 973 23
S“"n;{finuﬁr“de“ 14 2148 23
Van Mierlo, Joeri 14 1005 21
Wallington, Timothy J. 14 551 35
Wu, Ye 13 919 29
Zhao, FuQuan 13 568 25

2007

2009
2011
2013
2015
2017
2019
2021
2023

Year

cooperative groups, turning multiple small ones into a
large network.

During the author analysis, we focused on the
authors who published higher amounts of papers. Table
1 displays the names, citations, and total link strength
of the top ten authors who published the most papers
in EV emission reduction. It can be observed that the
above-mentioned authors play mediating roles, linking
different cooperative groups, are within the top ten.
Additionally, the total link strength value is relatively
large, indicating that the number of publications is
closely related to cooperation. From another perspective,
the number of citations to the author’s literature does
not have a strong relationship with the total number of
publications. For example, Keoleian, Gregory A has
the most publications. In sharp contrast to this author
is Stromman, Anders Hammer, who has a total of
16 publications, two-thirds that of the former, but a total
of 2,148 citations, which is approximately three times
that of Keoleian.

Institution Analysis

We used the VOSviewer software to visually
analyze the publishing institutions. Fig. 4 reveals
that 67 institutions have a total number of documents
equal to or greater than ten. However, only a few core
institutions are dedicated to EV emission reduction
research. A total of 168 connections represents
institutional cooperation, indicating that the current
institutional cooperation density is low. The top ten
institutions were separately analyzed to further observe
the core research institutions. Table 2 demonstrates
that Tsinghua University has the largest number of
publications, with 68 papers and 3,026 citations,
followed by the University of Michigan and Argonne
National Laboratory. Concerning literature citations,
Argonne National Laboratory takes the lead, with 36
articles published on related topics having been cited
2,000 times. Comparing Argonne National Laboratory



The Impacts of Electric Vehicle Scale-up...

4643

yuan, chris Yangfan

chen,yisong

deng, yelin

yan, xiaoyu
zhao, fuquan

. . samaras, constantine
liu, zongwei

hao, han

. . macleangheather I.
ahmadi, pouria

freiregfausto

herrmann, christoph

© wallingtof timothy j.
\ 4

lin, bogiang
axsen, jonn

jia, zhijie

@ coosemaps, thierry
hannan, m. a.

®

stolten, detlef
iessag“naarten

jochem, patrick

zhang,shaojun

wi,ye bi, zicheng

® talygil rosen;marca.
. |
kim, hyang chul keoleiar*egory a.
[ ] dincer; ibrahim
kucukvar, murat sungxin wang/michael
Kendall, alissa ZNaoiyang ©  ellingsen, linda ager-wick huoOng,  er. christian
kelly,{jarod c.
weil, marcel
dai,gian,
yamasue, eiji stggmman, a“ers hammer @ng
heidrich, oliver xu/ming
raugei, marco gung, christine roxanne
g%b VOSviewer
Fig. 3. Author co-occurrence map.
carnegie mellon-univ
. L}
us@oe @ )
univ ¢oimbra
fwd @ctdd univ cept florida
oak ridge natl lab § 3 niv
chongding univ mit g R
urdue uni @
82 o aalbalg univ
univ michigan univ wWaterloog
& argonne natl lab
H r@ europeafcommiss
Tpeti-giHondon norwegian unigsci & technol n
north china Wt power univ aarhgs univ
lawrence berkeley natl lab . ;
hong kong polytech univ vrije univ brussel
& tsinghua univ kth royal inst technol
leiden univ

chinesg acad’sci
beijing jia@tong univ
univ chinese acad sci P
univ birfingham

tongji Uhiv beijing uniy technol

silesiangech univ univ techfiol sydney

univitokyo
zhejiang univ
beijing inst technol

karlsruhe st technol

politecn milan

chalmers univ technol

univ kebangsaan malaysia

forschungszghtrum julich

oxford br@okes univ

univ calif davis
@
univ calif irvine

univillineis tianjinuniv

((%b VOSviewer

Fig. 4. Institution co-occurrence map.

has about half as many papers published as Tsinghua
University, but a far exceeding number of citations.
This suggests that the global academic community has
widely recognized and cited the published results of
Argonne National Laboratory.

Country Analysis

This section presents a visual analysis from the
perspective of countries. Fig. 5a) depicts a science

world map analysis, where deeper colors represent
more publications in a given nation. The connections
show cooperation between countries, and more
connections equate with closer cooperation. Scholars
in most nations pay significant attention to this topic,
with only African and a few Asian countries showing
less notice. Fig. 5b) displays nations with more than
20 publications, focusing on comparing the volume of
publications among countries. This figure contains two
colors: orange (MCP) represents the number of papers
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Table 2. Top 10 most published institutions.

Organization Documents | Citations
Tsinghua University 68 3026
University of Michigan 54 2732
Argonne National Laboratory 36 3654
North Cl{l}r:f;vil;;t}rllc Power 31 370
University of California-Davis 29 443
Chinese Academy of Sciences 26 697
Beijing Institute of Technology 25 1181
Politecnico di Milano 23 813
Chalmers University of Technology 22 569
Ford Motor Company 22 876

published through cross-border cooperation, and green
(SCP) indicates the number of documents published by
scholars from their own country. This figure reflects
the overall number of articles published and the
proportion of cross-border cooperation from another
angle. Regarding the number of publications, China and
the United States greatly surpass the third and other
countries, becoming the main contributors in this field.
Next, Germany, Italy, and the United Kingdom have
also issued more than 100 articles respectively, making
significant contributions to the research of EV emission
reduction.

Journal Analysis

This section analyzes the published journals,
cited journals, and which journals form the core of
EV emission reduction research. Fig. 6a) represents
the top ten journals with the most publications in this
field. The journal with the highest number of article
publications is the Journal of Cleaner Production, with

Laiude

(a) World map

178 papers, primarily involving research areas such
as cleaner production, environmental science, and
green sustainability. The next most published journals
include Energies, which includes papers on scientific
research, technology development, engineering policy,
and management studies related to the energy field,;
Sustainability, which publishes pieces on the human
environment, as well as economic, cultural, and
social sustainability; Applied Energy, which provides
a forum for information on energy conversion and
conservation, optimal use of energy resources, analysis
and optimization of energy processes, and innovation
in sustainable energy systems; International Journal of
Hydrogen Energy, which publishes articles on all aspects
of hydrogen energy research, including production,
storage, transmission, utilization, enabling technologies,
and environmental impact; Transportation Research
Part D-Transport and Environment, which issues papers
on the environmental impact of transportation, related
policies, and transportation system management.
According to Bradford’s law in bibliometrics, the six
journals mentioned above form the core journals in EV
emission reduction.Bradford’s law can be considered
as sorting scientific and technological journals in
descending order based on the number of professional
papers published in a given discipline. Journals in
this discipline can be divided into core, related, and
unrelated areas. The number of papers in each area is
equal, and the number of periodicals in the core, related,
and non-related areas is 1:n:n’

From another perspective, the quality of references
is one key to determining the quality of published
papers. Fig. 6b) presents the top ten journals with the
highest citation frequency. Evidently, the Journal of
Cleaner Production is the most frequently cited in EV
emission reduction, with 4,120 citations. Combining
Figs 8(a-b) shows that multiple journals have both the
most publications and citations. These journals include
Applied Energy, Energy, International Journal of
Hydrogen Energy, and Transportation Research Part
D-Transport and Environment.
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Fig. 5. Countries collaboration network of electric vehicle emission reduction research.
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Fig. 6. Most relevant and most cited sources.

Fig. 7 displays a dual-map overlay of the journal
distribution of citing and cited papers. The left side of
the figure shows the distribution of citing literature in
journals, representing the main disciplines involved
in current research on EV emission reduction. The
right side illustrates the distribution of cited literature
in journals, representing the most cited disciplines.
The former is the application field, and the latter is
the research foundation. The middle is connected with
different color lines to distinguish different discipline
categories. Notably, the current research cites references
from #2 Environmental, Toxicology, and Nutrition, #4
Chemistry, Materials, and Physics, and #12 Economics,
Economic, and Political. Meanwhile, the disciplines
involved in applying literature mainly include #7
Veterinary, Animal, and Science, #1 Mathematics,
Systems, and Mathematical, and #3 Ecology, Earth, and
Marine.

5.PH
3.EC CEARTH,MARINE - e
2 i SRR < By N Yee
T.VETERINARYANIMALSCIENCE |\ o e R HEMAT
805 005 - te e <
Y — N
4.MOLECULAR,BIOLOGY,IMMUNOLOGY < e S
B -
,DERMATOLOGY,SURGERY

ICAL

e

6.PSYCHOLQGY,EDUCATION,HEALTH

L

Fig. 7. Discipline analysis based on dual-map overlay.
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Keywords Analysis
Keyword-Plus Dynamic Analysis

To comprehend the dynamic evolution changes of
keyword-plus over the past 30 years, we generated
a dynamic evolution map with R-studio-based
Bibliometrix. As seen in Figure 8, early papers featured
keyword-plus terms such as hydrogen production, fuel
cells, air, biomass, energy, and gasoline, indicating a
focus on the energy field. Researchers sought ways to
alleviate the global energy scarcity crisis, particularly
addressing the depletion of non-renewable energy
sources like gasoline and coal. Concurrently, scholars
actively explored sustainable green energy and
technologies, including the combination of hydrogen
energy and fuel cells. During the mid-term stage,
papers primarily contained keyword-plus terms like
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Fig. 8. Keyword-plus dynamic map.

life-cycle assessment, design, and energy management.
This stage included the life cycle assessment of EV
emission reduction studies and the improvement of
decarbonization through model design. In the most
recent papers, prevalent keyword-plus terms include
optimization, consumer preferences, and recovery. At
this stage, significant breakthroughs have been made
in overcoming the technical barriers of EVs. Gaining
insights into consumer preferences and enhancing
vehicle recycling technology can further promote
alternative fuel vehicles and reduce environmental
pollution.

All-Keywords Clustering Analysis

Due to the enormous number of terms, the
VOSviewer tool was used to screen out keywords
appearing more than 15 times (see Fig. 9), and a total
of 197 keywords met the requirements. Each node in
the figure represents a keyword; the larger the node, the
more frequently it appears, reflecting the importance of
keywords in this field. The top fifteen high-frequency
keywords are represented in Table 3 to help readers
understand the research hotspots, with life-cycle
assessment being the most frequently applied keyword.
Furthermore, typical high-frequency keywords include
electric vehicles, plug-in hybrid, performance, and
green-gas emissions.

Fig. 9 depicts a topic cluster with keywords of
the same color, representing related themes. The red
cluster contains power, energy management, energy
storage, wind, and renewable energy sources, indicating
themes such as automotive energy and energy storage.
The green cluster includes fuels biomass, alternative
biomass, fuel cell vehicles, natural gas, and electricity,
demonstrating a primary focus on energy consumption.
The purple cluster encompasses air pollution, quality,
mitigation, transport, and CO, emission, highlighting
concerns about improving air quality and lowering CO,
emissions from EVs. The light-yellow cluster includes

design

unallty ~ /
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Eégﬁ%ede material

life-cycle-assessment D
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electnc vehicles D

/'
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—adoptiont=—2

powmagce Omvgp;; —

incentives, behavior, willingness-to-pay, choice, and
preference, emphasizing consumer attitudes toward EVs,
purchase preferences, and the price consumers are
willing to pay to reduce emissions. The blue cluster
features life-cycle assessment, lithium-ion batteries,
recovery, industrial ecology, and circular economy;
this indicates a research framework based on the life-
cycle assessment method, which analyzes various stages
of EV emission reduction, such as emission reduction
optimization in the entire life cycle of automobile
production, transmission and distribution, utilization
process, and scrap recycling.

Table 3. Top 15 high-frequency keywords.

Keyword Occurrences
Life-cycle assessment 368
Electric vehicles 323
Energy 251
Emissions 225
Plug-in hybrid 185
Greenhouse-gas emissions 178
Impact 176
Hybrid 170
Model 154
Performance 151
Optimization 138
Impacts 130
System 124
Vehicles 117
Design 115
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Analysis of Electric Vehicle Emission Reduction
Status

Compared to conventional fuel vehicles, EVs offer
significant advantages in lowering carbon emissions and
energy consumption [13]. However, EVs still produce
certain emissions during production and use. Life-
cycle assessment is a widely used analytical tool to
assess EV emissions. It systematically aggregates and
evaluates the energy consumption and emissions from
the vehicle’s production, transmission, driving, and
recycling throughout its entire life cycle process; this
allows for a better understanding of the vehicle’s carbon
emissions and targeted emission reduction studies [14].
The vehicle’s entire life cycle includes the fuel cycle
(Well to Wheels, or WTW) and the material cycle
(Material Cycle, or Vehicle Cycle). WTW covers the
extraction and transportation of energy raw materials,
the production and transportation of fuel (Well to Tanks,
or WTT), and fuel combustion during the vehicle driving
phase (Tank to Wheel); the vehicle cycle includes
raw material acquisition, parts processing, vehicle
manufacturing, scrap recycling, and other processes.

According to automotive life-cycle assessments, the
carbon emissions of battery electric vehicles (BEVs)
mainly stem from the WTW, accounting for 60 to
70% of total life-cycle CO, emissions. Further analysis
reveals that the power mix is the key factor influencing

BEV carbon emissions during WTW. If BEVs primarily
use electricity generated by fossil fuels, significant
amounts of CO, will be emitted during power generation
[15]. In contrast, when the electricity is produced by
clean renewable sources such as wind or solar, less CO,
will be produced [16]. For example, emissions from
electricity generation are 180 g/km when coal is used,
151 g/km for oil, 84 g/km for natural gas, and only
8 g/km for solar photovoltaics and geothermal energy.
When electricity is generated by biomass, nuclear,
wind, hydro, or concentrated solar power, the emissions
level is just 1-3 g/km [17]. Carbon emissions in the EV
material cycle primarily arise from the raw material
collection, production, and transportation processes.
Lithium-ion batteries have gained considerable attention
in EV applications due to their advantageous properties
such as lightweight, fast charging, high energy density,
low self-discharge, and long lifespan [18]. In the
production process of lithium batteries, the extraction
and processing of lithium ore, as well as the chemical
reactions and heat treatments involved in producing
battery materials, all involve carbon emissions.
On average, each 1 Wh of storage capacity expansion
of lithium-ion batteries is associated with a cumulative
energy demand of 328 Wh and greenhouse gas
emissions of 110 gCO(2)eq [19]. Similarly, lithium-ion
batteries generate greenhouse gas during the recycling
phase. Rajacifar et al. (2021) analyzed the recycling
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technology of lithium-ion batteries in waste EVs and
concluded that, compared to other battery recycling
technologies, direct current plasma technology can
substantially reduce carbon emissions during the battery
recycling phase [20]. Overall, replacing CFVs with
BEVs offers an opportunity to reduce the CO, produced
in the transportation sector [21].

Compared to BEVs, the emission reduction effect
of plug-in hybrid electric vehicles (PHEVs) is mainly
affected by the mileage of electricity coverage. When
electricity is sufficient to supply driving power, PHEVs
have the same effect on emission reduction as BEVs.
However, PHEVs switch to internal combustion engine
drive if electricity is in short supply, generating carbon
emissions. PHEVs reduce greenhouse gas emissions
by more than 30% compared to conventional gasoline
vehicles but have a smaller reduction than conventional
hybrid wvehicles. In general, PHEVs have greater
potential in the field of emission reduction. Improving
the emission reduction effect requires completing the
external charging facilities and enhancing the charging
efficiency, as well as ensuring the PHEVs are always
fully powered and the power source is supplied by green
renewable energy as much as possible.

Fuel cell electric vehicles (FCEVs ) generate power
through the electrochemical reaction between oxygen
and hydrogen to form water, producing electricity and
heat. This process is essentially the reverse of water
electrolysis. Since no carbon emissions are produced
during this process, FCEVs are highly regarded for
emission reduction. The current evaluation of the
emission reduction effect of FCEVs focuses on the
hydrogen production process. Some believe that
significant carbon emissions will be generated during
hydrogen manufacturing, which is not conducive to
the field’s focus. Others consider FCEVs the most
environmentally friendly option due to their high energy
density and low fuel consumption during operation
[22]. Although hydrogen is zero-emission in the final
application process, the cleanliness of the production
path and the environmental impact of the energy used
to manufacture hydrogen should always be considered
[23]. With the widespread use of hydrogen fuel,
hydrogen production technology has been extensively
studied worldwide. The main hydrogen production
pathways are categorized into four groups: electrolysis,
photolysis, biolysis, and thermolysis [24]. Different
hydrogen production technologies have varying effects
on emission reduction. To reduce emissions, many
studies focus on the development of green and clean
hydrogen production technologies such as electrolytic
water hydrogen production, renewable energy hydrogen
production, and nuclear energy hydrogen production.

Emission Reduction of EVs in Different
Application Fields

The emission reduction of EVs varies in different
application scenarios. Here, we analyze three main

areas: private cars, buses, and taxis. Private EVs
significantly contribute to emission reduction, with
the effect primarily determined by the source of
power production, charging mode, and automotive
operation mode. When a private EV is used frequently
and powered by clean energy, it will contribute more
to emission reduction [25]. Furthermore, compared
to CFVs, EVs have no idle operation, making them
more suitable for driving on congested urban roads.
EVs currently have a relatively low share of the global
private car sector, and their emission reduction effects
have not yet sufficiently raised consumer awareness
[26]. One group of people believes EVs are essential
for decreasing emissions and is willing to pay more
for this purpose. For example, high-income groups
are more concerned with vehicle performance and are
willing to pay higher costs for emission reduction and
environmental protection [27]. People living in cities for
a long time are likelier to adopt EVs. Elites with higher
education, such as a bachelor’s or doctoral degree, are
likelier to prefer EVs from an environmental standpoint
[28]. Another group is skeptical of EVs, concerned
about the inadequate mileage for daily driving and the
current deficient charging infrastructure [29]. Various
factors prevent consumers from fully comprehending
the significance of reducing EV emissions [30].

Buses are another vital application scenario for
EVs. Compared to the reduction of emissions by EVs
in the private sector, public transportation performs
relatively well [31], because urban public buses have a
more extended range and significantly reduce carbon
emissions. Furthermore, the high passenger volume of
urban public buses can reduce the number of private
vehicles on the road, alleviate traffic congestion, and
reduce carbon emissions [32]. In addition, fixed charging
locations exist for buses, even for plug-in hybrid ones,
which can be easily charged and improve operational
efficiency. Taking the public transportation system
in Liuzhou City, China, as the research object, when
all diesel buses are replaced by electric buses, carbon
emissions can be reduced by 23%, from 207.15 tons per
day to 47.56 tons [33]. IEA data shows that every 1,000
pure electric buses on the road could save 5 million
barrels of diesel while markedly decreasing airborne
pollutants.

Similarly, taxis, like private cars and public buses,
are an important component of urban transportation
and play an essential role in reducing emissions [34].
A study based on the FREE NOW taxi fleet in Dublin
discovered that by converting the entire fleet to BEVs,
carbon emissions were reduced by 77%. Comparing
the carbon emissions of various vehicle configurations
across the entire fleet, the results revealed that pure
electric taxis have the best emission reduction effect,
followed by PHEVs [35]. Many countries and cities have
implemented development strategies to increase the
market share of EVs in the taxi sector. European cities,
including London, Berlin, and Paris, have promoted
electric taxis by providing subsidies, lowering taxes,
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and constructing charging stations. Meanwhile, cities
in China, such as Shanghai and Beijing, have largely
promoted electric taxi popularity by providing EV
replacement services and taxi replacement subsidies
[36].

Car-sharing is a private rental service, similar to
taxis, primarily used to alleviate urban congestion
and pollution. It has emerged as an important segment
of the global car market [37]. Sharing EVs offers
apparent benefits in lowering emissions. In one regard,
this movement can reduce car inventory, reducing
greenhouse gas and pollutant emissions during the
manufacturing process. Concurrently, the high usage
rate of sharing cars can effectively reduce the vehicle’s
idle time. According to Li et al., the carbon density of
shared autonomous EVs on the California grid is more
than five times lower than that of internal combustion
vehicles [38].

Impacts of EV Incentive Policies
on Reducing Emissions

In recent years, policymakers have become
increasingly aware of the importance of taking action
to mitigate climate change. Based on the significance
of EVs for energy conservation and emission reduction,
many countries worldwide have formulated relevant
policies to promote the popularization of EVs, achieving
notable results in emission reduction [39]. For instance,
China promoted EV adoption in the public sector
(public transportation and public services) in 2009 by
providing subsidies for EV purchases and investing in
electric vehicle-related infrastructure. Empirical results
show that the policy reduced urban carbon emissions by
an average of 16.3% and reduced per capita emissions
from urban transport by 28.87 kg, enhancing the
penetration of EVs in the public sector and the overall
scale of urban passenger traffic [40]. However, from
a technological perspective, high battery costs, low
range, and inadequate charging technology remain
significant factors preventing consumers from choosing
EVs. Hence, policy announcements should promote
technological development [41]. While transportation
electrification is crucial for decarbonization, the
impact of other variables, such as electrical energy
transition, emission standards, battery recycling, and tax
policies, could also be considered to achieve complete
decarbonization [42].

Conclusion

This paper examines current research on global
EV emission reduction using visual analytics tools
such as CiteSpace, VOSviewer, and R-studio-based
Bibliometrix. Evidently, international interest in
the field has increased steadily over three decades.
Particularly since 2017, explosive growth in the number
of papers has occurred. The current total of authors

or institutions is relatively small. The results are
primarily obtained through collaboration, with notable
institutional representatives such as Tsinghua University
and the University of Michigan, and authors such as
Keoleian, Gregory A. and Kim, Hyung Chul China
and the United States have contributed considerably
to the study of EV emission reduction. Compared to
American scholars, Chinese researchers engage in
more transnational collaboration. Regarding keywords,
life-cycle assessment is the primary method currently
used to analyze EV emission reductions, with the most
frequently used keywords mainly related to energy and
technology.

Furthermore, research priorities have shifted
over time. Before 2010, the focus was on new energy
source development. From 2011 to 2017, more attention
was paid to EV technology and improving vehicle
performance. Between 2018 and 2023, research focused
on consumer preferences, environmental protection, and
how to achieve sustainable development. The Journal
of Cleaner Production has the most publications and
citations in this field. Similar journals include Applied
Energy, Energy, and the International Journal of
Hydrogen Energy. Additionally, much interdisciplinary
research is observed among different disciplines, with
EV emission reduction research primarily based on
environmental science, physics, chemistry, economics,
materials science, mathematics, and other disciplines.

Based on visualization, this paper provides an
in-depth study of the current state of EV emission
reduction, application areas of EVs, and the emission
reduction effect of policy promotion. The power source
significantly is found to reduce the emissions of BEVs
if the BEV’s electricity power source is renewable clean
energy. The emission reduction effect of PHEVs is
mainly related to the electric coverage mileage. When
its power source primarily comes from electricity
provided by clean green energy, reducing the use of
internal combustion engines, it can effectively reduce
carbon emissions. Regarding the reduction of emissions
from FCVs, the main controversy lies in the hydrogen
production process. Hence, a need exists to strengthen
green cleaning research in hydrogen production
technology. Most people are skeptical of EVs in the
private car sector due to battery cost, mileage, and
inadequate charging infrastructure. Correspondingly,
the public transportation sector contributes to emission
reductions more than the private vehicle sector.
Countries should accelerate the adoption of electric
buses, and policies are in place to hasten the transition
of taxis to EVs.
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