
Vol.:(0123456789)

Environmental Science and Pollution Research (2024) 31:16735–16745 
https://doi.org/10.1007/s11356-024-32337-7

RESEARCH ARTICLE

Barriers to adoption of electric vehicles in Texas

Apurva Pamidimukkala1 · Sharareh Kermanshachi2 · Jay Michael Rosenberger2 · Greg Hladik3

Received: 14 September 2023 / Accepted: 31 January 2024 / Published online: 7 February 2024 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2024

Abstract
Sustainable mobility options such as electric vehicles (EVs) have the potential to improve the quality of life for Americans 
as well as those in other countries, as they can enhance the quality of the air we breathe, while reducing greenhouse gas 
emissions, fossil fuel consumption, and the adverse impacts of global warming. Despite their many benefits, however, the 
demand for EVs remains low. Therefore, this study aims to identify the barriers that affect the widespread EV adoption in 
the United States. Seventeen barriers were identified from the literature, and a questionnaire survey was designed and dis-
tributed to potential consumers of EVs. The survey yielded 733 responses, and various statistical tests like cluster analysis 
and chi-squared tests were performed. The results revealed that the high purchase price of the vehicle, high battery replace-
ment cost, and the lack of public infrastructures for charging them were the primary concerns. The results also revealed that 
middle-aged men with high education and income are more enthusiastic about adopting EVs. The results presented in this 
study indicate a range of developments that different stakeholders could implement. To surmount the economic barriers to 
EV adoption, policymakers should strengthen incentives countrywide, and automakers should introduce more affordable EVs 
to the market. To overcome the challenges associated with charging, it is necessary to make investments in rapid charging 
infrastructure along the primary toll routes.
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Introduction

The transportation sector contributes significantly to emis-
sions and air pollution. In addition, it utilizes roughly one-
fourth of the global fossil fuel supply, the majority of which 

is used for road transportation (Gnann et al. 2018; Moeletsi 
2021; Khan et al. 2023; Pamidimukkala et al. 2024). The 
2020 International Energy Agency (IEA) report states that 
the transportation sector causes 24% of direct  CO2 emissions 
from fuel combustion. According to projections, this num-
ber will increase by up to 70% by 2050, assuming business 
as usual (IEA 2020). The statistical data presented herein 
underscores the importance of developing a technological 
solution to mitigate  CO2 emissions released by automobiles 
(Adnan et al. 2018).

The adoption of electric vehicles (EVs) holds significant 
promise for fostering positive environmental and societal 
changes. One key benefit is the substantial reduction in 
greenhouse gas emissions and air pollution, leading to an 
enhancement in air quality and public health (Pamidimuk-
kala et al. 2023a). This shift away from traditional fossil 
fuels not only improves local air conditions but also plays 
a crucial role in mitigating global climate change (Ghosh 
2020). Additionally, embracing EVs contributes to energy 
independence by decreasing reliance on imported oil, 
thereby promoting greater energy security. The growth of 
the EV industry not only fosters innovation but also creates 
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job opportunities in manufacturing, technology, and related 
sectors. Furthermore, the quieter operation of electric vehi-
cles compared to traditional one’s aids in reducing noise 
pollution in urban areas (Zhou et al. 2020). The transition to 
EVs also presents an opportunity for governments to gener-
ate tax revenues, potentially supporting resource redistri-
bution and funding public services. The increased demand 
for EVs can drive investment in charging infrastructure, not 
only creating job opportunities but also enhancing overall 
transportation networks. Moreover, the reduced air pollu-
tion from traditional vehicles can lead to lower healthcare 
costs associated with respiratory and cardiovascular diseases 
(Sanguesa et al. 2021).

However, the widespread adoption of EVs is not with-
out its challenges and potential negative consequences. One 
significant barrier is the high upfront cost of purchasing an 
electric vehicle, which can limit its widespread adoption, 
particularly among certain consumer groups (Noel et al. 
2020). The production and disposal of batteries, integral to 
EVs, raise environmental concerns, encompassing issues 
such as resource extraction, energy-intensive manufacturing, 
and recycling challenges (Ramesan et al. 2022; Pamidimuk-
kala et al. 2023b). Another challenge is the phenomenon of 
“range anxiety,” where concerns about the limited driving 
range of EVs and the availability of charging infrastructure 
may deter potential buyers (Singh et al. 2020). The tran-
sition to EVs poses challenges for traditional automakers, 
potentially leading to job losses in traditional automotive 
manufacturing. Moreover, the decline in demand for tradi-
tional vehicles may impact the oil and gas industry, causing 
economic challenges in regions dependent on these sectors. 
Uneven development of charging infrastructure could hin-
der the widespread adoption of EVs, especially in rural or 
less-developed areas (Stockkamp et al. 2021). Additionally, 
a large-scale transition to EVs may strain electricity grids, 
necessitating upgrades to accommodate increased demand 
for charging. Lastly, while EVs have a lower operational 
carbon footprint, the overall environmental impact depends 
on factors such as the energy sources used for electricity 
generation and battery production, highlighting the need for 
a comprehensive approach to sustainability in the EV transi-
tion. Utilizing renewable energy sources like hydro, wind, 
solar PV, and solar thermal for power generation would 
enhance the environmentally friendly nature of EVs (Bar-
man et al. 2023).

In 2019, global electric vehicle (EV) sales surged by 16%, 
sparking heightened interest in the automotive sector. Nota-
bly, Europe experienced an impressive 80% growth in EV 
sales, while Canada saw a substantial 43% increase. In con-
trast, sales in China and the United States remained steady. 
Other nations, including Norway with a 39.5% growth and 
the UK with a 1.94% increase, actively embraced the trend 
by purchasing more electric vehicles. This surge continued, 

with EV sales reaching a remarkable 6.6 million in 2021, 
marking a twofold increase from the previous year’s figures 
(Rietmann and Lieven 2019). The global market share of 
electrified auto sales also saw a substantial rise in 2021, 
reaching nearly 10%, a fourfold increase compared to the 
market share recorded in 2019. As highlighted by Patyal 
et  al. (2021), the worldwide count of electric vehicles 
reached approximately 16.5 million, signifying a threefold 
increase from 2018.

Despite the recent increase in the share of EVs in the 
United States, the country still confronts difficulties in its 
efforts to encourage extensive EV adoption. Several stud-
ies attribute the massive adoption of electric vehicles to 
consumers’ perceptions (Egbue and Long 2012; She et al. 
2017; Singh et al. 2020). Hence, comprehending the con-
sumer perception of EVs and identifying the barriers imped-
ing their purchase is of utmost significance. Although an 
increasing amount of research has highlighted several bar-
riers to the adoption of EVs, the current debate on the sub-
ject is not very helpful in gaining a better understanding 
and conceptualizing these barriers and in providing useful 
policy measures to increase the adoption of electric vehicles 
(Berkeley et al. 2018). In the United States, most scientific 
studies focus on the outcomes of extensive trials conducted 
in major urban areas with strong policy incentives that tend 
to attract drivers who are already inclined towards adopt-
ing sustainable technologies (Archsmith et al. 2022; Gehrke 
and Reardon 2022). Several additional studies investigate the 
effectiveness of vehicles powered by alternative fuels in a 
setting characterized by distinct traffic conditions and mile-
age requirements compared to United States (She et al. 2017; 
Berkeley et al. 2018; Kongklaew et al. 2021). Therefore, 
this study aims to address the above research gaps through 
a survey questionnaire developed and distributed to conven-
tional vehicle drivers in Texas. The study involved a three-
step process, which included (1) the ranking of barriers and 
subsequent comparison of results with prior research, (2) the 
identification of homogenous groups of respondents through 
cluster analysis, and (3) the comparison of socioeconomic 
groups of respondents through the use of a chi-squared test.

The study offers multiple significant contributions. Ini-
tially, it utilizes worldwide literature to combine and sum-
marize the several barriers to EV adoption that have been 
recognized. Furthermore, a comprehensive survey of con-
ventional vehicle drivers yields a distinct dataset that gives 
evidence of the significance of these barriers, and cluster 
analysis identifies the homogeneous respondent group with 
respect to each identified barrier. Furthermore, the chi-
squared test enables us to compare the demographics of 
the respondents. The outcomes of this research can guide 
policymakers in crafting efficient energy and transportation 
policies and guide those responsible for designing EVs that 
fit the needs and demands of potential consumers.
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Literature review

Technological barrier

As demonstrated in Table 1, range limitation is one of the 
technological barriers to EV adoption. For an electric vehicle 
to operate, the batteries must be charged, and the battery’s 
storage capacity determines the vehicle’s range (Berkeley 
et al. 2018). Individuals whose daily routines necessitate 
extensive travel are less inclined to embrace EVs (Li et al. 
2017). Literature reveals that respondents in numerous stud-
ies are concerned about lengthy charging durations (Adhi-
kari et al. 2020). Charging was hampered by high charge 
times and a dearth of public charging stations, differences 
that were especially noticeable when comparing EVs and 
ICE vehicles (Noel et al. 2020).

Charged batteries power electric vehicles. The average 
warranty for an EV battery, which has been enhanced in 
recent years, now lasts between 8 and 10 years (Haddadian 
et al. 2015). After this period, the user is responsible for 
battery replacement. Additionally, the batteries are prone 
to excessive charging, which is problematic for EV driv-
ers (Noel et al. 2020). The limited battery life necessitates 
frequent battery replacements, a significant barrier for EV 
drivers.

EVs are recent technological advancements compared 
to traditional vehicles, and potential users often express 
apprehension regarding their safety and efficacy, increas-
ing their reluctance to use EVs (Xue et al. 2014; She et al. 
2017). Furthermore, users’ perception of EVs is affected 

by their lack of reliability, while the expansion of EV 
deployment is significantly impeded by system instabil-
ity. Thus, the insufficiency of evidence about reliability 
can be considered another technical barrier.

In addition, the fewer EV models pose a hindrance to 
widespread EV adoption. A wider range of vehicle models 
has the potential to attract a more diverse market segment 
(Linzenich et al. 2019). Thus, the limited availability of 
EV models presents an additional obstacle in restricting 
user options (Kongklaew et al. 2021). The electric vehi-
cle manufacturing sector is accountable for conducting 
research, carrying out development activities, and produc-
ing electric vehicles. Nevertheless, EV production is typi-
cally limited (Xue et al. 2014).

Environmental barrier

Despite the numerous environmental benefits that EVs 
provide, there exists a divergent viewpoint with regard 
to the environmental benefits they offer, as evidenced by 
the studies conducted by (Liu et al. 2020; Ramesan et al. 
2022). Furthermore, a number of studies have identified 
concerns among some consumers questioning the environ-
mental protection capabilities of EVs. This phenomenon 
is attributed to the significant pollution generated during 
battery and electricity production and inadequate recycling 
infrastructure to dispose of old batteries (Ali and Naushad 
2022; Stockkamp et al. 2021).

Table 1  List of EV adoption barriers

Category # Barrier References

Technological barrier B1 Limited driving range (Berkeley et al. 2018; Singh et al. 2020)
B2 Longer recharge durations (Adhikari et al. 2020; Li et al. 2017)
B3 Limited battery life (Noel et al. 2020)
B4 Poor safety (She et al. 2017)
B5 Doubts about reliability (Adhikari et al. 2020)
B6 Fewer EV models (Kongklaew et al. 2021)

Environmental barrier B7 Problems of battery disposal (Berkeley et al. 2018)
B8 Environmental impact of battery manufacturing (Giansoldati et al. 2020)

Economic barrier B9 High acquisition cost (Noel et al. 2020)
B10 Lower resale value (Lim et al. 2015)
B11 High electricity costs for charging (Kim et al. 2018)
B12 High battery replacement cost (Kongklaew et al. 2021)
B13 Cost of adapting a residential electrical infrastructure (Patt et al. 2019)

Infrastructure barrier B14 Insufficient public charging stations (Kongklaew et al. 2021)
B15 Unreliable charging electricity grid performance (Illmann and Kluge 2020)
B16 Inadequate repair and maintenance services (Giansoldati et al. 2020)
B17 Charging problem in the absence of a garage (Kumar and Alok 2020)
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Economic barrier

Table 1 shows that the high acquisition cost of EVs is 
one of the economic barriers that hinder consumers from 
adopting them. The market price of EVs is high compared 
to conventional vehicles because of their higher production 
costs (Cherchi 2017; Anastasiadou and Gavanas 2022). 
According to Noel et  al. (2020), the increased cost of 
PHEVs can be attributed to their dual operational com-
plexity. Additionally, the lower resale value of EVs poses 
a concern to consumers. The resale values of current EVs 
are comparatively lesser than those of conventional vehi-
cle alternatives because of absence of robust secondary 
resale market (Pamidimukkala et al. 2023c). According to 
previous research, the cost of the battery is a significant 
component of the overall cost of an EV (Stockkamp et al. 
2021). As stated earlier, the lifespan of an EV battery is 
restricted to duration of 8 to 10 years, and the consumer 
is responsible for its replacement cost. Thus, it is a major 
barrier to EV adoption (Berkeley et al. 2018).

EVs are powered by electricity as opposed to conven-
tional vehicles, which rely on gasoline or diesel. Considering 
that consumers are susceptible to the cost of fuel, a rise in 
electricity price leads to a decline in demand for EVs (Kim 
et al. 2018). The daily operational expenses of an EV are 
primarily influenced by the cost of electricity required for 
recharging. As shown in Table 1, the cost of electrical sys-
tem adaptation is the last barrier in this category. Literature 
indicates that people renting their homes or apartments must 
negotiate with the building owner to install a charging unit. 
This also necessitates an extensive electrical infrastructure 
upgrade, which incurs additional costs (Patt et al. 2019).

Infrastructure barrier

As presented in Table 1, the extensive adoption of EVs relies 
on the presence of sufficient charging infrastructure. The 
scarcity of charging stations has been recognized as a bar-
rier to widespread adoption of EVs (Kongklaew et al. 2021; 
Singh et al. 2020). Additionally, prospective EV drivers are 
hesitant to purchase the vehicle due to the inadequacy of 
charging stations. Moreover, the absence of a garage pre-
sents a difficulty for apartment dwellers who desire to charge 
their vehicles (Illmann and Kluge 2020).

Existing EV owners are dissatisfied due to the inadequate 
provision of support centers and facilities for EV repair and 
maintenance, in contrast to the availability of such services 
for conventional vehicles. Moreover, the processes associ-
ated with servicing and maintaining EVs can be complex, 
and there is a scarcity of skilled mechanics capable of 
addressing these matters (Giansoldati et al. 2020; Pami-
dimukkala et al. 2023d).

Method

To determine the potential consumers’ perceptions of EVs, 
a survey was designed and conducted at the University of 
Texas at Arlington (UTA). The survey was reviewed and 
approved by UTA’s Institutional Review Board (IRB) and 
distributed electronically in March 2023 to 10,000 stu-
dents, faculty, and staff above 18 years of age with active 
parking permits, using the online application Question-
Pro. The questionnaire comprised 27 questions, which 
were categorized into two sections and took around 7 min 
to finish. After sending two reminder emails, 733 com-
plete responses were received that were used for further 
analysis.

According to data illustrated in Fig. 1, females com-
prised 52.9% of the responses, males 44.3%, those who 
identified as “Others” constituted 2.8%. Around 62% of 
the respondents possessed bachelor’s degrees, rendering 
them more capable of differentiating the technological, 
financial, and environmental distinctions between con-
ventional vehicles and EVs (She et al. 2017). Most of the 
respondents (52.2%) belonged to the age group of 35 years 
and older. A mere 17.6% of the participants belonged to 
households earning less than $35,000 annually, while 
46.2% were from households with a median annual income 
ranging from $35,000 to $99,000. Most of the respondents 
had more than one vehicle, and 77% of participants are 
experienced drivers.

Results and discussion

Ranking of barriers

Figure 2 illustrates the scores of the identified barriers. 
The highest scoring barriers were the high acquisition 
price, inadequate availability of public charging stations, 
and expensive battery replacement costs, with an aver-
age score exceeding four. The highest-ranked factor was 
the substantial purchase price, which is consistent with 
the findings of most of the prior research (Berkeley et al. 
2018; Noel et al. 2020). This highlights the importance 
of subsidies and the importance to reduce the purchase 
costs of EVs (Parker et al. 2021). In the present study, the 
inadequate provision of repair and maintenance services 
was identified as a more significant barrier compared to 
the research conducted by Noel et al. (2020). Additionally, 
cost of adapting a residential electrical infrastructure was 
ranked as a significant barrier.

In contrast to prior research (Kongklaew et al. 2021; Liu 
et al. 2021), our survey participants assigned a relatively 
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low ranking to the EV battery life and driving range. This 
could be attributed to the gradual improvement in battery 
performance over time. As of our understanding, there has 
been no analysis of the barrier pertaining to the reliability 
of charging power grids, which ranked tenth out of 17 in 
our survey. The responses on the ecological consequences 
of battery manufacturing and the challenges associated 
with battery disposal exposed concerns about the envi-
ronmental advantages of EVs, aligning with certain find-
ings in the literature (Giansoldati et al. 2020). Overall, our 
respondents were convinced of the environmental benefits 
of substituting traditional vehicles with EVs. The grow-
ing share of green energy sources in power generation, as 
extensively documented on social networking platforms, 

along with the technological progress in battery recycling, 
undoubtedly played a significant role in achieving this 
result.

The rankings of the two financial obstacle higher elec-
tricity costs associated with charging and diminished 
resale value were nearly identical to those reported in prior 
research (Berkeley et al. 2018). Reliability concerns poor 
safety received the lowest scores among technological 
barriers. A significant proportion of the participants did 
not consider these barriers to be crucial, as evidenced by 
their mean score being below 3. This result corroborates 
the findings of Noel et al. (2020) regarding Denmark and 
Giansoldati et al. (2020) regarding Italy.

Fig. 1  Demographics of survey respondents
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Identifying homogenous respondent groups

Cluster analysis was adopted to identify the homogenous 
groups of respondents. A clustering technique was per-
formed in two stages utilizing SPSS 29, with the 17 iden-
tified barriers as the clustering variables. The initial step 
involved the implementation of a hierarchical clustering 
methodology to generate viable clustering outcomes, utiliz-
ing Ward’s linkage technique with agglomeration coefficient, 
as previously employed in a few scholarly investigations 
(Jaiswal et al. 2022; Saleem et al. 2018). The outcome of 
the hierarchical analysis led to an assessment of the variance 

percentage in the heterogeneity-stopping rule, ultimately 
concluding that a three-cluster solution was the most suit-
able. Subsequently, a K-means algorithm was employed to 
examine the membership of the clusters. Upon completion 
of the cluster analysis and attainment of an optimal cluster 
solution, an ANOVA was executed to ascertain the presence 
of statistically significant differences among the groups. 
The results indicate significant differences among the three 
groups for all the variables. Table 2 provides an overview 
of the three cluster memberships, with 43.1%, 12.7%, and 
44.2% of respondents belonging to Cluster 1, Cluster 2, and 
Cluster 3, respectively.

Fig. 2  Mean scores of identified 
barriers

Table 2  Respondent scores of each cluster

Significant at p < 0.05

Barrier Cluster 1 (n1 = 316) Cluster 2 (n2 = 93) Cluster 3 (n3 = 324) Significance
Indifferents Enthusiasts Skeptics

Limited driving range 3.79 2.14 4.45  < 0.001
Long charging times 3.70 2.10 4.56  < 0.001
Limited battery life 3.58 1.99 4.65  < 0.001
Poor safety 2.10 1.57 2.99  < 0.001
Doubts about reliability 2.35 1.74 3.60  < 0.001
Fewer EV models 2.98 1.83 3.87  < 0.001
Problems of battery disposal 3.06 1.77 4.42  < 0.001
Environmental impact of battery production 3.36 1.99 4.50  < 0.001
High acquisition price 4.21 2.99 4.74  < 0.001
High battery replacement cost 3.87 2.47 4.83  < 0.001
High electricity cost for charging 3.00 1.66 4.40  < 0.001
Lower resale value 3.09 1.73 4.07  < 0.001
Cost of adapting a residential electrical infrastructure 3.64 2.14 4.73  < 0.001
Inadequate public charging stations 4.16 2.51 4.64  < 0.001
Charging problem in the absence of a garage 3.68 2.12 4.56  < 0.001
Insufficient maintenance and repair services 3.85 2.05 4.69  < 0.001
Unreliable charging electricity grid performance 3.41 1.62 4.62  < 0.001
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Identifying the clusters based on demographic char-
acteristics and using cross-tabulations of various demo-
graphic factors and segment memberships further enhanced 
our understanding of the clusters. The sociodemographic 
attributes of the respondents in each cluster are presented in 
Table 3. The cluster profiles are discussed below, based on 
the results from Table 2 and 3.

The indifferents

The first cluster group, labeled the “indifferents,” was the 
second largest cluster, comprised of 316 respondents. Most 
of them indicated that they were neutral on all the barriers, 
except for poor safety (X = 2.10), doubts about reliability 
(X = 2.35), high purchase price (X = 4.21), and insufficient 
public charging infrastructure (X = 4.16). Safety and reli-
ability barriers were perceived to be less important in this 
cluster; the purchase price and lack of enough public charg-
ing stations were perceived to be more important.

As illustrated in Table 3, analysis of the demographic 
characteristics of this cluster showed that the proportion of 
male (49%) and female respondents (47.5%) was almost the 
same, with most of them (53.8%) below the age of 34. The 
majority (23.7%) of them held a bachelor’s degree; 23.4% 
held a graduate degree. Approximately 35.8% had an annual 
household income greater than $100,000, and 44.2% owned 
two vehicles. About 74.7% of them are experienced drivers.

The enthusiasts

The “enthusiasts” were the smallest cluster, representing 
12.7% of the respondents. This group has the lowest score 
on all the barriers as compared to other two groups. In addi-
tion, all these values are less than sample means, and they 
did not find any of the 17 barriers to be of importance. This 
indicates that the respondents in this cluster perceive EVs 
positively, and they tend to adopt EVs in the future.

As shown in Table 3, the majority (58.1%) of the enthu-
siasts were males, and 38.6% of them were between the ages 

Table 3  Sociodemographic 
characteristics based on 
individual clusters

Demographic Item Indifferents Optimists Pessimists
n1 = 43.1% n2 = 12.7% n3 = 44.2%

% % %

Gender Female 47.5% 37.6% 62.6%
Male 49.0% 58.1% 35.8%
Other 3.5% 4.3% 1.5%

Age 18–24 27.8% 21.6% 29.3%
25–34 26.0% 21.6% 13.9%
35–44 14.9% 13.9% 17.9%
45–54 11.7% 19.3% 13.6%
55–64 14.9% 19.3% 16.7%
65 + 4.7% 4.3% 8.6%

Education High school/GED 8.6% 5.4% 6.5%
Some college/technical school 15.6% 14.0% 23.1%
Associate degree 10.7% 10.8% 15.4%
Bachelor’s degree 23.7% 14.0% 20.1%
Graduate degree 23.4% 31.1% 21.3%
Ph.D. or other equivalent degree 18.0% 24.7% 13.6%

Household income Less than $20,000 10.4% 8.6% 6.2%
$20,000–$34,999 10.1% 4.3% 9.9%
$35,000–$49,999 13.0% 7.5% 15.1%
$50,000–$74,999 15.8% 15.1% 16.7%
$75,000–$99,999 14.9% 18.3% 18.5%
$100,000 or more 35.8% 46.2% 33.7%

Vehicle ownership 1vehicle 30.1% 23.7% 21.3%
2 vehicles 44.3% 45.2% 40.7%
3 or more vehicles 25.6% 31.2% 38.0%

Driving experience 0–2 years 12.3% 7.5% 10.5%
3–5 years 13.0% 8.6% 12.3%
Over 5 years 74.7% 83.9% 77.2%
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of 45 and 64, which is higher than those in the other two 
clusters. Most of them held either a graduate or postgradu-
ate degree (surpassing individual contribution of each of 
the other two clusters and the total sample average) with 
the highest percentage (24.7%) holding a Ph.D. or other 
equivalent degree. Regarding income, the enthusiasts have 
the highest proportion of individuals in the highest income 
category ($100,000 and more, 46.2%). In addition, 45.2% 
of respondents own two vehicles, and 83.9% of them are 
experienced drivers.

The skeptics

The third cluster group labeled the “skeptics” was the largest 
group, representing 44.2% of the sample. They ranked all of 
the barriers high except poor safety, doubts about reliabil-
ity, and fewer EV models. The mean values of this cluster 
were higher than those of the other two groups and higher 
than those of the sample means. This shows that the skeptics 
considered almost all the identified barriers highly important 
and indicates their negative and unfavorable views towards 
adopting EVs.

Table 3 presents a sociodemographic profile of the skep-
tics, which is primarily distinguished by the exceedingly 

larger percentage of females (62.6%) over males (35.8%) in 
comparison to other groups examined in the study. On the 
income scale, the respondents in this cluster have relatively 
low income. In addition, when compared with the other 
clusters, this group has lower proportion of graduates and 
post-graduates and has a greater number of beginners and 
intermediate drivers compared to other two clusters.

Barriers and socioeconomic characteristics 
of respondents

Respondents were classified by gender, age, education, 
income, vehicle ownership, and driving experience to deter-
mine whether individual characteristics substantially impact 
the public’s views about purchasing an electric vehicle. 
Table 4 shows that each barrier was cross-tabulated with 
each socioeconomic characteristic to test the null hypoth-
esis  H0 that the two variables X and Y are independent. This 
study employed a significance level of 5%; i.e., if the p value 
was less than 0.05, the null hypothesis was rejected.

As presented in Table 4, 10 of the 17 barriers exhibited 
statistically significant differences regarding gender. This 
demonstrates that females and males had distinctly different 
perspectives of most of the barriers, which is consistent with 

Table 4  Summary of respondent personal characteristics

* Refers to p value < 0.05

Barrier Gender (df = 8) Age (df = 20) Education (df = 20) Income (df = 20) Vehicle 
ownership 
(df = 8)

Driving 
experience 
(df = 8)

Limited driving range 0.006* 0.685 0.483 0.134 0.007* 0.075
Long charging times 0.009* 0.114 0.051 0.209 0.053 0.011*
Limited battery life 0.142 0.040* 0.002* 0.706 0.022* 0.189
Poor safety  < 0.001* 0.102 0.164 0.010* 0.406 0.043*
Doubts about reliability  < 0.001* 0.002* 0.320 0.028* 0.213 0.213
Fewer EV models 0.291 0.005* 0.723 0.338 0.003* 0.682
Problems of battery disposal 0.045* 0.331  < 0.001* 0.495 0.029* 0.304
Environmental impact of battery produc-

tion
0.002* 0.315 0.017* 0.368 0.019* 0.791

High acquisition cost 0.112 0.091 0.023* 0.028* 0.020* 0.230
High battery replacement cost 0.158 0.199 0.252 0.130 0.007* 0.298
High electricity cost for charging  < 0.001* 0.147 0.011* 0.023* 0.507 0.058
Lower resale value 0.020 0.108 0.015* 0.277 0.391 0.553
Adaptation cost of electrical system at 

home
 < 0.001* 0.086 0.189 0.106 0.273 0.113

Insufficient public charging stations 0.183 0.098 0.026* 0.925 0.260 0.341
Charging problem in the absence of a 

garage
0.295  < 0.001* 0.001*  < 0.001* 0.020* 0.094

Insufficient maintenance and repair 
services

0.004* 0.109 0.452 0.367 0.127 0.501

Unreliable charging electricity grid 
performance

 < 0.001* 0.333  < 0.001 0.131 0.001* 0.721
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previous studies (Giansoldati et al. 2020; Kongklaew et al. 
2021). The data indicates that males exhibit a higher propen-
sity to adopt electric vehicles, as compared to females, as the 
latter group expressed greater apprehension towards most of 
the barriers associated with EV adoption.

Statistically significant age group differences were observed 
for the barriers of limited battery life, doubts about reliability 
fewer EV models, and charging problem in the absence of 
garage. The age group of 18–24 years exhibited a greater level 
of concern towards the barriers. The findings indicate that indi-
viduals aged 45 and above exhibit comparatively lower mean 
scores, suggesting that middle-aged respondents are more 
inclined towards adopting electric vehicles.

The level of education attained by the respondents 
weighed heavily on the statistics pertaining to eight barriers: 
limited battery life, battery disposal problems, environmen-
tal impact of battery production, high purchase price, high 
electricity cost for charging, resale value, insufficient public 
charging stations, and charging problem in the absence of 
garage. Respondents possessing a higher level of education 
asserted that these barriers were not of great concern for 
EV adoption. This indicates that respondents with higher 
education levels showed the significant interest towards EV 
adoption.

The impact of household income was observed on 5 out 
of 17 barriers. Participants with an annual income exceeding 
$100,000 reported fewer concerns regarding economic fac-
tors, such as the high cost of purchase and battery replace-
ment expenses. They also appeared less concerned with the 
charging problem in the absence of garage as majority of 
them might be homeowners.

As pertains to driving experience, of the 17 barriers, 
only two, high charging time and poor safety, were found 
to be statistically different among the three groups. The 
average score related to charging time increased with the 
respondents’ driving experience, which may be because it 
takes longer time to charge an EV than it takes to fill a con-
ventional vehicle with gas. In addition, experienced drivers 
were also more concerned about the safety of driving an EV.

Conclusion

In this study, the barriers to EV adoption from the consum-
ers’ perspectives were explored by analyzing 733 responses 
to a survey questionnaire. The results showed that of 17 
identified barriers, 3 were considered the most critical: 
high acquisition price, inadequate public charging stations, 
and the battery replacement cost. Unlike previously con-
ducted studies, we found that the driving range facilitated 
by one charge was not of primary importance to our sur-
vey group. In addition, they felt that the adoption of EVs 
would lessen the environmental effects of conventional cars 

and appreciated the technological features that facilitate 
safety and reliability, which shows that few initial concerns 
regarding EVs have been alleviated. The respondents were, 
however, extremely sensitive to the availability of charging 
stations. Lastly, our study shows that the promotion of EVs 
should focus on male, middle-aged experienced drivers, as 
they show a strong interest and inclination to adopt one, and 
a concentrated effort should be made to increase the public’s 
knowledge of the benefits of the EV technology.

The findings also suggest that the enthusiasts are more 
inclined to purchase EVs, as manufacturers could readily 
target them as early adopters using extrinsic incentive meas-
ures. In addition, this segment should be informed about 
the fundamental advantages of EVs, including savings on 
fuel cost and environmental conservation, through increased 
social persuasion and a positive attitude into using such 
vehicles. The findings also revealed that the indifferents are 
the second largest cluster, emerging with a neutral attitude 
of adopting EVs. This homogeneous cluster might be con-
verted into potential EV adopters with convincing evidence 
demonstrating the significant benefits of EV use, including 
its affordability and environmental friendliness. Manufactur-
ers should increasingly target young women as potential EV 
buyers considering this demographic. The findings of this 
study will provide valuable guidance to EV makers, design-
ers, marketers, and other groups in effectively educating the 
public about the benefits of eco-friendly transportation and 
in shaping their inclination to possess an EV.

The results of this study propose a series of enhancements 
that various stakeholders could implement to overcome some 
of the barriers to EV adoption. To avoid economic barriers, 
policymakers may consider introducing tax reductions or 
similar supporting initiatives to reduce the financial burden of 
EV vehicle taxes. Purchase subsidies for electric vehicles and 
batteries, as well as subsidized programs for replacing batter-
ies, could be implemented as incentives to lower the cost of 
owning an EV. The advantage of EV lies in their considerably 
lower operating expenses, which can eventually compensate 
for the difference in the cost of the initial purchase. Consider-
ing the consumers’ inadequate understanding of maintenance 
and operational costs, it is crucial to emphasize extensive 
public outreach on EVs in the future. Moreover, there exist 
significant infrastructure demands, including inadequate avail-
ability of charging stations on highways and unclear policies 
regarding parking charges at charging stations and residential 
complexes. To facilitate charging, policymakers must consider 
factors such as the quantity and placement of charging stations, 
as well as their distribution and ease of access. It is advisable 
to establish and extensively implement innovative business 
models concerning charge infrastructure, such as public–pri-
vate partnerships, to draw higher societal financing. Policy-
makers should actively advocate for the positive environmental 
impacts of electric vehicles to potentially boost their rate of 
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adoption. However, the government’s adoption of using renew-
able resource for energy generation and standardized methods 
to recover and recycle old batteries has the potential to appeal 
to a wider group of users and reduce public skepticism about 
EVs, particularly among ecologically sensitive consumers.

This study has few limitations. This study employed a web-
based survey to gather data. The sociological and psychologi-
cal literature states that younger individuals are generally more 
inclined to participate in online surveys due to their greater 
comfort with technology. Additionally, higher education and 
socioeconomic status may also contribute to increased par-
ticipation in online surveys. These characteristics could influ-
ence green transportation purchasing behaviors. Employing 
this method may introduce sample bias as it excludes users 
who do not have internet access. Future studies may conduct 
a paper-based survey and apply our findings. The dependent 
variable used in this study is intention to adopt an EV, rather 
than actual behavior. Although they are closely related, it is 
more probable that the research outcomes will be satisfactory 
when the former is used. Lastly, the applicability of our study’s 
results beyond the state of Texas may be constrained by the 
fact that the data were collected solely in this geographical area 
and there is a possibility of discrepancies in research outcomes 
when attempting to apply results to various regions due to 
inherent variations.
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