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Electric vehicles (EVs) signify a shift from traditional fossil fuel-burning vehicles and were
introduced to address consumers’ dependence on fossil fuels, rising emission levels, and other
environmental issues. This study empirically analyses the key determinants of consumer
behavior regarding environmental air quality issues and vehicle characteristics, which
significantly influence the preference for EVs. The current work was conducted in the suburbs
of the East Coast of Malaysia, specifically in the Kuala Nerus district of Terengganu. Notably,
220 respondents selected their preferred vehicle type in February 2021. The survey data were
elicited using an experiment card. Prices, charging time, and the level of CO2 emission
reduction were found to be the primary catalysts for consumers’ preference for EVs over
conventional vehicles (petrol combustion) in Kuala Nerus, Terengganu, based on the
multinomial logit model. Furthermore, gender status and increased level of income and
education were identified as demographic factors with a high probability (positive sign and
significant at 5%) for the respondents’ EV adoption and choice in Kuala Nerus, Terengganu.
Relevant authorities should implement appropriate measures to increase EV consumption and
energy efficiency and reduce carbon emissions and fossil fuel energy dependence in the
Malaysian automotive industry.

1. INTRODUCTION

motor vehicles.
As reported by the 2018 Environmental Quality Report,

The transportation sector is a key contributor to greenhouse
gas emissions and global air quality concerns [1].
Nevertheless, the global EV market share of approximately
1% proves minimal despite efforts to shift to green motors [2].
The drastic increase in transportation activities, oil
consumption, and greenhouse gas emissions following the rise
in global living standards has led to environmental degradation
[3]. Most EV-oriented works highlighted the need to reduce
transport-induced CO; emissions to achieve ambitious CO,
targets significantly. Regardless, the high usage of internal
combustion engine vehicles worldwide (specifically in
emerging nations) hinders their achievement [4]. The EVs are
Key to addressing fossil fuel dependence, increased emission
levels, and other global environmental issues. The low air
quality in Malaysia is attributed to the pollutants emitted by
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motor vehicles that use petrol or diesel engines accounted for
79% of air pollution and led to a subsequent 2.71% increase in
global greenhouse gas emissions in the same year, with
82.64% of Malaysian households owning at least one motor
vehicle [5]. Traffic congestion has increased by nearly 200%
[6]. Moreover, the flow of vehicular traffic on Malaysian roads
potentially contributes to fossil fuel energy consumption and
the deterioration of environmental air quality [7]. As such,
EVs must be popularized to decrease the impact of motor
vehicle dependence on fossil energy sources and toxic
emissions into the atmosphere [8]. Vehicle manufacturers
have recently transitioned to producing green vehicles via
hybrid or electric technology engines to improve energy
efficiency.

The promotion of eco-friendly vehicles reduces their
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traditional counterparts’ negative impact on the environment,
which facilitates the attainment of energy conservation
objectives and ensures environmental responsibility in the
community [8]. In this regard, the government aims to
introduce 6.13% and 2.6% of electric and hydrogen fuel cell
vehicles, respectively, by 2025 [9]. Given the high demand for
internal combustion engine vehicles rather than eco-friendly
motor vehicles in Malaysia, it is crucial to produce and adopt
electric, plug-in hybrid, and hydrogen fuel cell vehicles to
promote green vehicles, support governmental efforts, and
improve the overall automotive sector [9].

The demand for EVs merely accounted for 2% of the
600,000 motor vehicle sales recorded in 2018 [10]. From a
scholarly perspective, EVs viably address greenhouse gas
emissions [11]. This solution coincides with the 11th
Sustainable Development Goal to ensure urban sustainability
and human well-being. Malaysia is an emerging nation with a
low demand for EVs despite their societal benefits, such as
increased air quality and low CO, emissions. Notwithstanding,
green vehicles are increasingly adopted as an environmentally-
sustainable alternative in Malaysia [12]. For example, the Low
Carbon Mobility Blueprint (2021-2030) was implemented to
increase local EV adoption by exempting import duty.

The key advantage of environmentally-friendly vehicles lies
in the absence of air pollutants. Several studies on consumer
preferences based on green vehicle attributes (fuel type,
transmission, and vehicle size) have been conducted in
developed countries. Nevertheless, extensive literature
highlighted the paucity of domestic research on consumers’
preferences for EV attributes [13, 14], specifically those from
the suburbs in the eastern region of Malaysia. The studies, as
mentioned earlier, mainly provide evidence of consumers’
willingness to accept a higher value for green vehicle
characteristics in developed nations. Increased ownership
costs for green vehicles and inadequate infrastructure
potentially explain the low demand for green vehicles in
Malaysia [15]. Hence, this research expanded the current body
of knowledge in developing countries.

Governments must stimulate the use of green vehicles
among consumers by implementing relevant policies and
regulations and allocating subsidies to reduce parking and
charging fees, as well as road tolls [16, 17]. On another note,
investing in charging infrastructure proves more effective in
gaining user interest in EV adoption [18, 19]. From the
perspectives of automotive consumers and producers,
implementing appropriate government interventions and
policies (EV rebates) plays a key role in environmental
conservation. Numerous studies have been performed to
increase consumer awareness of EV technology in developed
nations [20-22]. The current work advances the understanding
of consumers’ knowledge level and the value they are willing
to allocate for improved air quality (EV characteristics) while
supporting the country's sustainable development agenda.

However, studies involving the eastern coastal states in
Malaysia remain limited. Kuala Nerus, being close to the state
capital of Terengganu, benefits from spillover effects in terms
of mobility and offers opportunities to promote sustainability
in the East Coast of Malaysia. A fast-developing district in
Terengganu with a growing population and increasing vehicle
ownership. Traffic congestion has become more noticeable,
particularly in that district, due to the rising number of private
vehicles. More importantly, mobility patterns are
characterized by heavy reliance on private cars and
motorcycles due to limited public transportation. Thus, the
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existing car fleet is contributing significantly to air pollution.
The current fleet also reflects the case study region’s
dependence on conventional fuel transport due to the nascent
development of electric vehicle infrastructure. Additionally,
this study provides an opportunity for a deeper understanding
of the main attributes that can drive consumer decisions
regarding electric cars. Therefore, investigations into the key
determinants of consumer preferences for EV attributes in
Kuala Nerus may elicit outcomes that contradict those of past
works conducted in emerging nations.

The following sections are presented as follows: Section 2
outlines the literature review on the key factors influencing
consumers’ preference for EVs; Section 3 highlights the
research methodology and analytical approaches used; Section
4 presents the analysis outcomes, with emphasis on key
findings; and Section 5 denotes the outcome implications
before concluding the study.

2. LITERATURE REVIEW

This section is divided into the four key factors influencing
consumers’ EV preference, with emphasis on financial,
technological, infrastructural, and policy-based attributes. Past
works have incorporated alternative-specific constants (ASC)
into the consumer preference model to determine the
combined influence for all aspects of a decision not considered
in the choice experiment. The intended factors are presented
below.

2.1 Financial attribute

One of the factors influencing consumers’ decision-making
is financial attributes. Potential buyers would make plans
based on the vehicle’s cost of driving from one place to
another and the price of a green vehicle. In this vein, the
charging /gas/petrol/diesel cost is one of the selected vehicle
characteristics. Consumers are likely to choose EVs with low
operating costs. In line with past works, consumers prefer
vehicles with low fuel/battery costs [21] and a long lifespan
[23]. In particular, consumers prefer economy-sized vehicles
due to lower operating costs [21, 22, 24-43]. A user favors eco-
friendly vehicles owing to relatively cheaper fuel costs and
fewer financial burdens [44].

The price of the green vehicle itself influences its purchase
[21, 23,32, 33, 35, 36, 45-47]. Simply put, consumers are less
willing to buy expensive eco-friendly transportation [29-31,
48]. An American study involving three sizes of green vehicles
revealed price as the most important factor after fuel costs and
vehicle range [49]. Likewise, Cordera et al. [50] highlighted
the consumers’ concern about the final price over the ensuing
benefits. The EV prices must be reduced to attract consumers
and meet their demand [31]. Nevertheless, Cordera et al. [50]
highlighted that social norms (risk-taking attitudes or
collective effectiveness, confidence, and personal beliefs) can
drive consumers to pay a high price for these vehicles.

2.2 Technology attribute

Technology-specific elements are one of the factors
influencing consumers before they decide to purchase an eco-
friendly vehicle. The release of CO,, charging time, and green
battery durability were some of the key factors influencing the
vehicle technology’s environmental performance. This
criterion is based on emission reduction, which constitutes part



of environmental measurement [28, 34, 37, 39]. The extent to
which ecological values influence consumer decisions to buy
green vehicles must be seriously considered. Regardless, this
contribution affects the small demand growth for green
vehicles. Beak et al. [37] revealed the insignificance of
reduced vehicle emission rates in selecting EVs. Similar to
findings in Canada [34, 42], Germany [23, 39, 40, 42], the US
[24], China [18, 21, 29], UK [51], Australia [36], Denmark
[52], and Korea [10, 53] concurred with the low value of
consumer willingness to pay (WTP) for the CO, emission
factor.

Furthermore, charging time influences consumers’ green
vehicle purchase decisions [18, 25, 28, 33, 34, 36-38, 40, 42,
43,46,48,52, 54, 55]. An increase in charging time potentially
reduces vehicle utility despite consumers’ preference for EVs
with low charging times [50]. The studies conducted in China
disclosed that fast or slow charging time is not a significant
choice for green vehicle users. Chinese consumers were more
comfortable charging their vehicles at home than at charging
stations [29]. A green vehicle’s battery life also constitutes
part of the vehicle selection factor, owing to maintenance cost
issues. Increased battery durability is associated with reduced
maintenance costs [50]. The role of the trade-off of battery
replacement cost in a certain period can be explored via battery
endurance [56]. Previous research has presented various
measurements of battery durability in the form of years [33], a
range of travel [57] or warranty [42].

2.3 Government policies and incentives

The government promotes green vehicles in various ways,
including legislation and government incentives [24, 27, 42,
29, 57], taxes [39, 40], and policies that aid EV users via free
parking, non-financial incentives, and relevant policies [18,
29, 30, 48]. Purchase decisions are associated with
government incentives [24], which influences the value of
benefits when selecting a green vehicle [27]. Chen and Hwang
[49] and Huang and Qian [29] highlighted EV consumers’
preference for one-time cash subsidies. Regardless, this
incentive was not worth the price of the vehicle [42] and
offered no beneficial value [27]. Other policies include non-
financial aids that significantly reduce travel time, such as free
parking, free tolls, high-occupancy vehicle lane (HOV-lane)
access, and limited traffic lanes reserved for the exclusive use
of vehicles [34, 48].

Higher tax exemptions and tax relief are also considered key
factors. Unlike conventional vehicles, newly-registered EVs
are exempt from vehicle tax until 2030 [39, 40]. With the
projected rise in automobile taxes and gasoline prices in
Germany, individuals intending to register a new car after
2021 might anticipate an increased tax burden, particularly
when internal combustion engines emit more than 95g/km of
COs,. Overall, a vehicle with high emission levels tends to be
more expensive. Of the various policies implemented to
promote EV adoption, only the annual tax cut resulting from
usage cost-cutting policies appears to hold relevance. Previous
research has highlighted the relative insignificance of free
parking and toll reductions. The wviability of various tax
reduction methods reflects consumers’ reaction to changes in
taxes versus other expenses. Thus, governmental policies have
been initiated and implemented to promote EV production and
adoption [58]. The success and efficiency of these policies are
contingent upon consumers’ sound understanding of EVs.
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2.4 Infrastructure attribute

Infrastructure attributes entail the availability of charging
infrastructure. While conventional vehicles (CV) require
regular refueling, EVs allow consumers to depend on home
charging as long as the travel distance falls within the EV
range. This feature applies to the majority of people [59].
According to Brownstone et al. [60], users prefer recharging
at home rather than refueling at petrol bunks, following its
convenience during evaluation periods. As EVs primarily
depend on charging facilities, it is impossible to constantly use
EVs without access to charging stations at home or work.
Hence, future EV ownership can be improved by 2030
following an increase in super vehicle charging points.

2.5 Social demographic factors

This section discusses the importance of socio-demographic
factors in determining the priority of green vehicle purchase
intention. Previous studies of green vehicle selection indicate
the significant influence of demographic factors on
consumers. Berneiser [39] claimed that socio-demographic
factors have an inconsistent or little influence on the
willingness to purchase a green vehicle, which mainly depends
on the experience and knowledge of green vehicles. The effect
of this socio-economic variable (whether positive, negative, or
insignificant) remains unclear [54]. Notwithstanding, this
influence is key to gauging the preference in choosing between
conventional and green vehicles [49].

Young and educated people typically intend to buy eco-
friendly vehicles [34]. Dumortier and Buerger [61] Research
in the metropolitan area of the US corroborated this statement.
Essentially, an increase in age reduces consumers’ probability
of buying green vehicles. On another note, most of those
inclined to purchase a green vehicle were identified as middle-
aged men with high levels of environmental consciousness,
income, and education. Notwithstanding, these socio-
demographic elements depend on other priority factors. Some
researchers in New South Wales, Australia, stated that
Generation Y (born between 1981 and 1996) seeks better
designs with minimal environmental impacts, while that of Z
(born between 1997 and 2012) considers green vehicles as
transportation with optimal security [43]. The number of
children, household income, and vehicles owned significantly
influence the purchase of a green vehicle.

In line with Ghasri et al. [43], couples with children are
more inclined to buy in buying environmentally friendly
vehicles due to safety factors. Furthermore, household income
is unable to reflect the desire for a green vehicle. Naghavi et
al. [62] stated that an individual favors vehicles using hybrid
and gasoline engines over EVs. In addition, an Italian study
using this discrete selection technique highlighted the
significant relationship between the number of household
vehicles and the purchaser’s plan for eco-friendly
transportation. A high number of vehicles owned translates
into a high user WTP for the next green vehicle [54].
Following past research, socio-demographic factors can
influence consumers to buy eco-friendly vehicles in various
ways. Despite being frequently considered as individual
variables in preference-driven studies, the socio-economic and
demographic factors’ effect on EV preferences remains
inconclusive. It is uncertain whether the effects of gender, age,
income, education, and family size on consumer preferences
towards EV attributes are positive or negative.



3. MATERIALS AND METHODS

The EV preference studies generally consider vehicle
alternatives, such as financial, technical, charging station, and
regulatory attributes, alternative-specific constants (ASC) in
the satisfaction function, and the combined effect of the
options. Notably, these alternatives are absent in the
hypothetical choice. Relevant works depend on stated
preference (SP) data following the scarcity of EVs. Empirical
information was gathered through choice experiments, in
which participants selected one option from several
alternatives. The attribute level, which varies among the
alternatives, can be hypothesized.

3.1 Research design

The current survey contains 17 questions per respondent,
nine of which constitute the choice experiment. Respondents
were asked to state their gender, age, education level, number
of vehicles per household, income, number of family
members, daily travel distances, and willingness to buy EV
cars. The choice experiment was presented in part two of the
questionnaire. Respondents were given nine scenarios for
three-mode alternatives, characterized by the following six
attributes on three levels each (see Table 1).

Table 1. Attribute description, level of attribute value, and
sources of references

Attribute Petrol Hybrid Full
Variable Vehicle Vehicle Electric
Descriptions (Status quo) Vehicle
Average market 1) +12.5% 1.). +J6r%550;A’
prices of RM?70,000 ii) +25% if) i) °
: o
vehicles 1500 cc iii) +37.5% +87.5.5%
COz emission i) -50% i) -70%
(g) for 25 km 3040 g ii) -60% ii) -80%
travel iii) -70% iii) -90%
i) 1 year i) 7 years
Battery warranty 2 years ii) 4 years ii) 9 years

iii) 5 years  iii) 12 years

i) reducing

sales tax
. ii) reducing
. i) no sales tax +
mventive
.. . very low
ii) reducing road tax
Government . . sales tax .
) . No incentive ... . iii) reducing
incentive iii) reducing
sales tax +
sales tax + verv low
road tax Y
road tax +
moderate rebate
charging
20%
Travel cost per 111)) 1;1\1\//[[11‘;2755 i) RM27.6
month for 25 km RM150 iif) ’ ii) RM18.4
travel RM112.5 iii) RM9.2
i) 2 minutes mli)ni(t)es
Refuel time/ fast ii) 4 ii) 45
Charge time for 2 minutes minutes .
minutes
50 km iii) 6 iii) 60
minutes minutes

Note: Attribute price refers to [63]; CO, refers to [64]; government incentive
refers to [14]; battery warranty refers to [65]; refuel/charging time refers to
[36]; and travel cost calculation refers to [65, 66].

Based on previous studies, the key attributes influencing EV
preferences include price and travel cost, environmental
benefits, battery warranty, and government incentives. Price
and travel cost remain the most critical factors, as consumers
are highly sensitive to both purchase costs and daily travel
expenses [63, 65]. Environmental benefits, particularly CO:
reduction and shorter charging times, further shape consumer
decisions regarding EVs compared to conventional vehicles
[64, 36]. In addition, battery warranty enhances consumer
confidence by reducing perceived risk [65], while government
incentives play an important role in strengthening adoption
choices [14]. Collectively, these attributes represent the most
significant factors determining EV preference in East Coast
Malaysia.

This research employed paper questionnaires, which were
distributed to respondents in the Kuala Nerus district,
Terengganu, for data collection. The respondents were
purposively sampled from three main arecas: UMT, Kuala
Nerus Administrative Complex, and UNIZA. The number of
samples was determined via the G-power software, which set
apower level of 0.85 with an effect size of 0.15. Consequently,
a minimum sample size of 121 people was achieved [67].
Recommendations: This study employed a larger sample of
220 people.

Yij = BiVi; +€ (1)

where, Yj; = Individual i from alternative j; V;; = number of
attribute ‘i”' from alternative ‘j’, where i = 1,2,...k. Bi =
parameter to be estimated, where i=1,2,...k. Based on
Koppelman and Bhat [68], Eq. (1) is expressed as follows:

P;; = EXPY) /Z

jeMEXP e @)

where, Yj; is mode ‘j’ for individual i; Y;» is any mode ‘m’ in
the choice set available to individual ‘i’; Pj; denotes the
probability an individual i selects mode j; and M signifies the
total number of travel modes present in the choice set for ‘i’.

3.2 Method of estimation

The conditional regression logit model served to estimate
the choice experiment outcomes as a discrete variable with
three options (multinomial). Furthermore, the respondents
considered the characteristics of each choice alternative (price,
travel duration, and travel cost). They were tasked to choose
the best option that meets the desired features.

4. RESULTS

Nine out of the 10 survey respondents agreed to participate
in the study, with a response rate of 88%. Notably, 225
individuals addressed the survey questionnaire. As five of the
questionnaires were removed owing to incomplete responses,
the remaining 220 were subjected to further analysis. Table 2
presents the socio-economic profiling outcomes.

Table 2 presents a mean sample age of 35. In terms of
gender, 60.5% and 39.5% of the respondents were women and
men, respectively. The gender ratio is 110 men per 100
women. Malaysia suggests a greater proportion of men than
the national average. Regarding marital status, 21% were
single, while 79% were married. Approximately 63.6% of the



sample had between 1 and 4 children, 28% had no children,
and 8% had more than five children. Furthermore, 41% were
between 19 and 29 years old, 30.5% of them ranged from 30
to 40 years old, 15% were between 41 and 50 years old, and
13.1% were over 50 years old. Based on education
classification, 5.5% of them demonstrated a lower education
level in primary schools, 33.3% graduated from secondary
schools, 22.1% held a diploma or high school certificate, and
34.1% were Bachelor’s/ Master’s or PhD holders.

Table 2. Result of respondents’ socio-demographic profile

(N=220)
Demography Category Frequency Perz‘t:,/::)t age
Male 87 39.5
Gender Female 133 60.5
18-29 91 414
Age 30-40 67 30.5
& 41-50 33 15.0
More than 50 29 13.1
1 vehicle 44 20.0
Vehicle per 2-3 vehicles 134 60.9
household More .than 3 4 18.1
vehicles
Primary school 12 5.5
Secondary 30 333
Education level sl
Diploma/STPM 53 22.1
Degree and 75 341
above
Les the RM1001 50 22.7
RM1001-
RM3000 96 43.6
Income RM3001-
RM5000 47 214
More than
RM5000 27 12.3
Less or equal to 7 327
Family 220
3-4 people 66 30.0
TG More and equal
q 82 373
5 people
. <10 75 34.1
Dzlil’{ trrla"el 10-30 47 214
S 1 ce 31-50 50 227
(miles) > 50 48 22.1
Willing to buy Yes 193 87.7
EV cars No 27 12.3

The research respondents primarily constituted private and
public sector employees who used automobiles for daily
commutes. This finding implies a higher education level
compared to the general population. Regarding income
distribution, most of the respondents (43.6%) earned a
monthly income ranging from RM 1001 to RM 3000. This
outcome coincides with the average monthly income of RM
3000, as documented in 2018. The respondents also disclosed
the number of vehicles owned in their household.
Approximately 20% of the respondents possessed one car,
60.9% owned 2 or 3 cars, and 18.1% owned 4 or more cars per
household. Regarding daily travel distance, 34.5% of the
individuals travelled under 10 miles a day, 21.4% of them
traveled 10 to 30 miles a day, 22.7% traveled between 31 and
50 miles a day, and 22.1% traveled more than 50 miles a day.
Table 3 presents the multinomial logit model’s estimation
outcomes.
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Table 3. Result of multinomial logit estimation

Attribute Variables Coefficient Z-Statistics

Prices -0.0002%*%* -1.912

CO2 -0.00072** -3.063
Charging time 0.0091 1.688

Battery warranty -0.0054 -0.742

Travel costs -0.0028%** -4.803
Government policy 0.0352 0.503

Demography Variables

ASC hybrid -0.7953 -1.468
Gender 0.8973%** 7.09

Age 0.2182%%* 2.224

Income -0.0152 -0.105
Education 0.4190** 2.995

No. of household 0.2181%** 2.224
No. of vehicles 0.0158 0.118
ASCEV 1.0802 0.983
Gender 0.7992%*%* 6.285

Age 0.2552%%* 2.592

Income -0.2816%* -1.919
Education 1.0102** 7.166

Note: ** is significant at level p < 0.05.

The LR and p-value of 250.57 and 0.00, respectively,
suggest a significant model (see Table 3). The estimated
coefficient of attributes involving prices, environmental
concern (CO»), and travel cost proved negative and significant
at 5%. Demographic factors of gender and number of
households for consumer preference were positively
significant in the choice of hybrid cars compared to
conventional ones, but negatively so in the number of vehicles
per household. In terms of EVs, demographic factors can
significantly affect consumer preferences at 5% compared to
the conventional car, excluding several vehicles per household
(negative and significant at 5%). The attribute variables of
CO, emissions, prices, and travel costs significantly and
negatively impacted the multinomial logit model. Prices
adversely influenced the respondents’ likely selection of EV's
and hybrid vehicles compared to their non-environmental
counterparts. Our results suggest that CO: emissions
significantly reduce the probability of choosing conventional
vehicles and reveal that environmental attributes play a key
role in consumer preferences. This finding is supported by
studies conducted in Germany [69] and China [70]. However,
financial attributes may be linked to income sensitivity, such
as high car-ownership costs and limited EV charging
infrastructure. This contrasts with more emerging economies,
where consumer choices are more strongly influenced by
green principles and government incentives.

Battery charging time, another attribute affecting consumer
preference towards EVs, proved significant at the 10%
significance level. Improved charging facilities increase the
probability of users’ preference for EV characteristics. Based
on this study, the governments' attribute policy related to taxes
and subsidies and the vehicle battery’s warranty period had
little impact on user preferences. Demographic variables of
gender, age, education, and the number of households
significantly influenced consumers’ choice of hybrid cars
compared to conventional vehicles. Excluding the number of
cars per household, all the variables proved significant at the
5% level. In line with past works, the respondents’
demographic profile can influence users’ choice behavior
towards green rather than non-green vehicles.



5. CONCLUSIONS AND FURTHER RESEARCH

Given the rising global greenhouse gas levels, current
advancements in the EV sector prove to be immensely
beneficial. Various technological options are being explored
to facilitate the transition to more eco-friendly vehicles.
Sustainable mobility can be achieved in the future using
technologies resembling EVs to address the issues resulting
from traditional fossil fuel-powered vehicles. Overall, prices,
charging time, and the level of CO, emission reduction
significantly affected consumers’ preference for EVs over
petrol combustion vehicles in Kuala Nerus, Terengganu.
Demographic factors revealed a high probability of EV
adoption and choice among the respondents. Local
policymakers should create appropriate interventions and
regulations in the automotive industry to increase EV usage as
a means of enhancing energy efficiency and minimizing
carbon release and fossil fuel dependence.
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