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Introduction

Energy and environmental challenges are 
escalating and are a major concern for nations globally. 
The trilateral relationship among energy demand, 
detrimental gas emissions, and economic advancement 
underscores their interdependence. As a result, these 
issues have emerged as paramount on the global 

agenda. According to the World Resources Institute, 
the transportation sector accounted for the third-largest 
share of carbon dioxide (CO2) emissions in China in 
2021 [1]. Automobiles are the major contributor to total 
pollutant emissions, producing more than 90% of carbon 
monoxide, hydrocarbon, nitrogen oxide, and particulate 
matter emissions in 2021 [2]. 

EVs have revolutionized conventional combustion-
based vehicles by replacing fuel with electricity, thereby 
achieving “zero emissions” during operation without 
generating harmful gases [3]. By mitigating vehicular 
emissions, EVs play a pivotal role in addressing both 
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Abstract 

In light of the growing environmental concerns and the urgent need to reduce carbon emissions,  
the adoption of electric vehicles (EVs) plays a pivotal role in transforming the automotive industry 
towards sustainability. In China, the promotion of EVs dates back to 2009, and EVs have lower consumer 
acceptance than conventional fuel vehicles. The large financial subsidies that are frequently employed 
to encourage the proliferation of EVs are not long-term viable. As a result, it suggests that research  
into the inherent qualities and features of EVs itself has to be refocused. This study examines  
consumer preferences and willingness to pay (WTP) for EVs’ attributes using the choice experiment 
(CE) method in Shandong, China. The assessed attributes were driving range, seats, battery warranty 
period, charging time, and price. Finally, the data from 330 valid responses was examined using 
conditional logit (CL) and mixed logit models (MXL). The results reveal that the most preferred attribute 
was an extension of the battery warranty duration, which led to a WTP ranging from CNY626,352 
to CNY1,141,580 (US$98,485 to US$170,385) among the different models. Furthermore, the outcomes 
indicate distinct consumer preferences based on gender, age, education, and income. These findings 
have significant implications for policymakers in developing the EV industry.
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the overconsumption of petroleum resources and the 
existing dilemmas concerning transportation, energy, 
and ecological preservation. The global ascent of 
EVs has prompted nations to vigorously advocate this 
ecologically conscious automotive alternative.

The EV program was promoted relatively late 
in China, and it has not benefited from the rapid 
development of EVs that briefly occurred in Europe in 
the 19th century. In order to boost the development of 
EVs in China, the government implemented a number 
of promotion policies. Therefore, the number of EVs in 
China has shown significant growth recently, especially 
in the large cities where there are relatively strict 
purchase restriction policies.

Since September 2013, the Chinese government 
has rolled out a series of subsidy schemes, such as  
a purchasing subsidy, exemption from vehicle purchase 
tax, vehicle purchase restrictions, free parking, and so 
on. Combined with the corresponding subsidy policies of 
various local governments, the EV market is gradually 
becoming more active; thus, in 2016, China was able 
to surpass Europe and the United States to become the 
world’s leading EV market. The annual sales volume of 
EVs has exceeded 1 million since 2018, showing a rapid 
growth trend [1]. 

Despite the rapid development of China’s EV market 
and the obvious effect of a series of subsidy plans, the 
sales volume of new energy vehicles has still failed 
to meet the expectations of the Chinese government.  
In 2016, there was a notable downturn in the growth 
rate of EV manufacturing and sales, which was followed 
by a brief period of stability. But in 2019, both started 
to grow negatively [2]. The Chinese government 
started to remove the EV subsidy in 2019; as a result, 
sales volumes declined in that year. This showed that 
the growth was not entirely the result of competition 
between EVs and fuel vehicles and users’ independent 
choices. The subsidy policies for EVs, and limiting 
the licensing of fuel vehicles in some cities, have also 
played very important roles. In April 2020, the General 
Office of the State Council of China decided to extend 
the implementation period of the financial subsidy 
policy to promote the sales of EVs until the end of 2022.  
As a result, the sales volume of EVs in 2021 was 3.3 
million, accounting for 16% of the total vehicle sales [1]. 

It indicates that variations in consumer preferences 
among nations may account for different preferences for 
EVs, such as the recharging time, running cost, emission 
level, and driving range. For example, a study by Inci et 
al. [4] stated that consumers preferred a shorter recharge 
time to a longer driving range in Istanbul. Abotalebi et 
al. [5] found that consumers preferred a longer battery 
warranty period to a short recharging time in Canada. 
Most studies in China have focused on incentive policies 
that require massive financial expenditure and pay less 
attention to EVs’ own attributes [6-8]. To meet the gap,  
it is necessary to further examine consumers’ 
preferences for EVs. This research is the first study to 
focus on EVs without any policies and test vehicle size 

and seats, which have not been investigated before 
in China. The National Health Commission of China 
issued the policy of relaxing the two-child restriction 
in 2016, which means that Chinese families have new 
requirements for vehicle sizes and seat numbers.

The primary objective of this study is to investigate 
consumer preferences and willingness to pay (WTP) for 
EVs, with the aim of developing policy recommendations. 
Additionally, the study aims to analyze the influence of 
socio-demographic factors on consumer preferences for 
these attributes. The study employs the CE approach 
and subsequently utilizes the CL and MXL models for 
data analysis. By examining consumer preferences, 
WTP, and the impact of socio-demographic factors, the 
study seeks to provide valuable insights for designing 
a compelling marketing mix and related management 
strategy. Furthermore, manufacturers can recognize the 
main needs of their target consumers and improve the 
design of EVs and related marketing strategies.

The study is structured into different sections 
to address specific aspects. Literature Review 
section presents a comprehensive overview of the 
current research on EVs using the CE method. Next, 
Experimental Procedures section provides detailed 
explanations of the CE design, data collection methods 
for stated preferences (SP), and the analytical framework 
based on the CL and MXL models. Results and 
Discussion section then focuses on the estimation and 
simulation results, analyzing consumer preferences and 
their WTP. Lastly, in Conclusions section, a summary of 
the findings is presented, along with policy implications 
and recommendations for further research. 

Literature Review 

At present, one of the important reasons for countries 
to promote EVs is to reduce the consumption of fuel, 
reduce exhaust emissions, and protect the environment. 
Therefore, EVs have been examined as non-market 
goods, and their non-use value has been assessed [9]. 
Economic studies typically employ stated preference 
(SP) data rather than revealed preference (RP) data for 
the purpose of estimating model parameters. RP data 
often exhibits limited variability in attribute ranges 
such as charging time and suffers from multicollinearity 
issues among vehicle attributes such as price and driving 
range [10].

Furthermore, SP surveys offer the advantage of 
allowing researchers to examine how consumers 
might respond to potential policies and regulations, 
even before their implementation [11]. In SP surveys, 
each product is presented to consumers with a defined 
set of fundamental attributes that are expected to 
significantly influence their choices. The CE method 
and the contingent valuation method are the two main 
approaches for SP [12].

The CE method, which is a main method derived 
from SP, stands out as the predominant approach in 
economic research, closely aligned with the theory  
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of utility maximization. The CE approach has 
numerous benefits, when compared with other valuation 
techniques. Accordingly, numerous studies have 
investigated the advantages of EVs and found that this 
feature of EVs has a positive impact on consumers’ 
WTP [7]. Hence, EVs have garnered escalating interest 
within the transportation realm due to their potential to 
mitigate environmental concerns, notably greenhouse 
gas emissions, when juxtaposed with conventional fuel 
vehicles.

It is suggested that consumers’ WTP for EVs may 
be related to three areas: product and service attributes, 
government policies, and consumer psychology [6]. 
Many countries are making efforts to encourage 
consumer adoption of EVs by offering subsidies and 
other policies. However, as high monetary subsidies 
are not sustainable in the long run, it is increasingly 
important to analyze EVs’ own attributes; these are 
often considered crucial, as they directly impact 
consumers’ experiences of owning and driving EVs.  
The attributes encompass various factors, such as 
driving range, driving performance, cost, and warranty 
period. Thus, understanding and improving these 
attributes can greatly influence consumers’ perception 
and satisfaction with EVs and ultimately increase their 
willingness to pay for EVs.

Purchase Cost and Operating Cost

The purchase cost of EVs is relatively high compared 
with fuel-powered vehicles; this is mainly due to the 
high cost of power batteries. Specifically, purchase price 
and operation cost were found to have a negative effect 
on EV adoption. According to Inci et al.’s [4] study in 
Istanbul, the purchase price of EVs will continue to be 
considered too costly unless people adopt a heightened 
environmental awareness that motivates them to pay 
the price difference. Plötz et al. [13] found that lower 
operating costs are more important for consumers 
who frequently make long journeys, while those who 
primarily drive shorter distances may not experience 
significant savings. This suggests that the economic 
advantage of EVs may vary depending on individual 
driving patterns.

Furthermore, Hoen and Koetse [14] reported that 
the additional purchase cost of an EV may only be 
equivalent to the energy savings achieved over a period 
of five years. These findings imply that while lower 
operating costs have the potential to bring long-term 
economic benefits to consumers, these benefits may 
not be immediately evident, and they may not have a 
significant impact on the decision-making process for 
certain consumers.

Driving Range

It has been found that a longer driving range 
positively affects consumers’ choice of EVs [15, 16]. 
It was argued that EVs’ limited driving range is  

a significant barrier to consumer adoption. Consumers 
exhibit high sensitivity to driving range due to two main 
factors. Firstly, the need for long-distance travel plays 
a crucial role. Consumers often focus on the range of 
EVs because they perceive an inability to meet their 
long-distance travel requirements [17]. Secondly, people 
tend to have high mileage expectations, which currently 
often exceed their actual needs. This is primarily driven 
by their familiarity with traditional vehicles, which 
typically offer a longer range, leading to high mileage 
expectations for EVs [16].

Charging Time

Moreover, the charging issue of EVs has been widely 
recognized as a significant technical barrier to consumer 
adoption. It primarily encompasses two key areas: 
charging time and charging infrastructure. A shorter 
charging time will encourage consumers to purchase 
EVs [18-20]. In terms of charging facilities, Sica and 
Deflorio [21] identified the significance of workplace 
charging viability and the density and positioning 
of public charging stations in enhancing consumer 
acceptance of EVs.

Battery Warranty and Seats

The warranty on EV batteries is a crucial factor 
influencing consumer choice. It indicates that 
consumers’ desire to embrace electric vehicles is 
positively impacted by longer and more comprehensive 
battery warranties [5, 12]. Customers’ worries about 
possible battery-related problems can be allayed by  
a strong battery guarantee, giving them confidence 
in the EV’s long-term survival. Similar to seats, more 
seating capacity supports a wider range of utilization 
scenarios, including family vacations and carpooling, 
and is frequently linked to more adaptability [22].

Other product and service attributes, such as top 
speed, safety, vehicle type, emissions, silence, etc., have 
also been found to influence purchase intention [23-26]. 
With the development of technology, the technical level 
of EVs will be constantly improved; thus, the impacts of 
these product attributes are very important for technical 
development and policy formulation. 

Experimental Procedures

Merino-Castello [27] stated that by requesting 
participants to evaluate one or more hypothetical 
scenarios in survey settings, an SP experiment aims to 
capture consumers’ preferences and assess their WTP 
for various productions and services. Various methods 
can be employed to carry out SP research, including 
contingent valuation, contingent ranking, contingent 
rating, paired comparison, and CE [28]. This study 
utilizes the CE approach, in which consumers were 
presented with different profiles, and they made choices 
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between these alternatives by comparing the attributes 
of each option through a utility structure. 

We adopted the approach outlined by [28] to apply 
this technique, which involves a sequence of steps, 
including identifying the attributes and levels related to 
EVs, designing experiments, creating questionnaires, 
defining the sample size, and performing data analysis. 

Model Specifications

The principles of the CE method are based on the 
characteristic theory of value by Lancaster (1996) and 
the random utility theory proposed by McFadden [29] in 
1974. Random utility theory assumes that respondents 
are rational people and will choose the product with the 
greatest utility. The most important core idea of the CE 
method is to transform the study of WTP into that of 
utility maximization by using random utility theory and 
the constructor model.

Random utility theory explains that the unobservable 
utility is represented by a random variable consisting 
of both an observable or systematic component and  
a stochastic element. Train [30] stated that the utility 
U, which a respondent n assigns to alternative i from  
a specific choice set J, can be described as: 

	 (1)

Vnij represents the deterministic part, while εnij denotes 
the stochastic part, Xij means the visible attributes for 
alternative i’s attribute value, and β is the preference 
parameter for the matching attribute. Therefore, Eq. (2) 
represents choice probability Pnij as follows:

(2)

Hausman and McFadden [31] provided different 
models based on varying assumptions about utility 
functions and the distributions of their randomness; 
the CL model is the most commonly used one, due to 
its simplicity. CL offers a straightforward closed-form 
solution for potential choice probabilities, eliminating 
the need for multivariate integration. Supposing that ε 
is distributed independently and identically according to 
a Type I extreme value distribution, then the probability 
of respondent n selecting alternative i in choice situation 
j can be expressed as follows:

	 (3)

Train [32] proposed that the CL model exhibits some 
limitations, including the assumption of homogeneous 
preferences and independence from irrelevant 
alternatives (IIA). To address these issues, researchers 
may explore alternative models, such as the latent class 

model [33, 34] or the mixed logit model [35]. We utilized 
the MXL model, which integrates the diversity of 
consumer preferences as a continuous distribution and 
alleviates independence from the IIA assumption. 

The probabilities in the MXL model are represented 
as integrals of CL probabilities, considering the assumed 
continuous distribution function of β, denoted as f (β).

	 (4)

The marginal willingness-to-pay (MWTP) is a further 
meaningful insight to be obtained from the estimated 
parameters, which can be indicated by β. Wald tests with 
standard errors calculated using the Delta technique 
are used to assess the significance of WTP results [36]. 
The MWTP explains how much consumers are willing 
to pay for an attribute. Train [32] suggested that the 
MWTP can be expressed by dividing each attribute’s 
coefficients by the price attribute’s parameter estimate.

(5)

Where βn is the coefficient of each attribute and βprice 
is the coefficient of price. 

Consequently, we used the NLOGIT 5.0 software to 
conduct the estimations in this study.

EVs’ Attributes and Levels

Attributes represent characteristics or features of 
alternatives, while attribute levels signify the numerical 
or qualitative worth of the attribute in a provided 
alternative. An “alternative” is a combination of two 
or more attributes. A group of alternatives provided to 
individuals is called “a choice set”. In a CE, respondents 
are requested to choose their favorite alternative from a 
choice set [37].

According to Wicki et al. [20], the EVs’ own 
attributes, such as “purchase cost”, “driving range”, 
“charging time” and “operating cost”, are usually 
presented. In order to increase the authenticity of the 
choices provided to consumers, some supplementary 
attributes such as “‘battery warranty period”, “vehicle 
size”, and “emission” were introduced [7, 23, 25]. Next, 
two focus group discussions were conducted with 
consumers and one online interview with Xiaopeng 
Company, which was an expert in producing EVs in 
China. They aimed to address the most related features 
and their levels in the EV industry. The final EVs’ 
attributes and levels are shown in Table 1. 

Experimental Design

The study focused on designing effective choice sets 
for the experiment. Five attributes were considered for 
the EV, resulting in 144 option sets through random 
combinations (3 × 2 × 2 × 3 × 4). To ensure practicality, 
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period of 6 years, and fast charging at 1 hour, you should 
choose Option 1. But if you would like the EV that has a 
price of CNY 150K, a driving range of 400km, 5 seats, a 
battery warranty period of 6 years, and fast charging at 
1.5 hours, you should choose Option 2. If you do not like 
any of them, you should choose Option 3. (Please notice 
that you can choose only one option).

Sampling and Data

We employed a convenience sampling method 
and face-to-face interviews when distributing our 
questionnaire survey between October and November 
of 2022, frequently on weekends and holidays. The 
survey was conducted within the main shopping 
malls (Wanxiang City and Wanda Plaza) in Shandong 
Province, which had the highest number of privately 
owned automobiles in China in 2021 [2]. Our target 
audience consisted of consumers from China who either 
already owned a car or had intentions to purchase one in 
the near future.

Before commencing the formal research, we enlisted 
five experts from Shandong University and Shandong 
University of Finance and Economics for a pre-test and 
30 volunteers to participate in a pilot study. The primary 
objectives were to estimate the time required for 
completing the questionnaire and to identify and rectify 
any potential issues with the questionnaire design. 

      Johnson et al. [39] suggested a guideline for 
estimating a suitable sample size for the CE method. 
Where N is the sample size, H is the highest number of 
levels for any attribute, A means the alternatives on the 
choice card (excluding the choice of “None”), and C is 
the number of choice questions per respondent.  

an orthogonal fractional factorial design was adopted, 
using the Statistical Package for Social Sciences (SPSS) 
to create choice cards. This led to the development of 
16 option sets for the EVs, which were then combined 
into eight choice cards. To reduce overlap and increase 
diversity, a third choice was introduced in each 
question, allowing respondents to choose neither 
option. Consequently, each choice card presented three 
alternatives for the respondents to select from. Each 
respondent was requested to make eight choices.

Questionnaire Design

Following Hensher et al. [38], this survey is 
structured in three sections: an introductory segment 
explaining the purpose of the questionnaire and the 
attitude and perception of EV. The following part, 
referred to as the “CE”, incorporates choice cards. 
This segment provides a concise explanation of the 
CE technique and its respective levels. Subsequently, 
consumers were instructed on the rules of the CE, and 
an illustrative choice card example was offered, as 
depicted in Fig. 1 below. The last part concerns socio-
demographic questions. By strategically positioning 
the substantive investigation questions ahead of the 
respondents’ demographic information, we enabled 
participants to tackle challenging queries before they felt 
fatigued or less motivated to respond. This sequencing 
ensured a more comprehensive and thoughtful approach 
from the respondents.

Referring to Fig. 1, there are 3 scenarios, including 
two types of EV and another situation without any. If 
you would like the EV that has a price of CNY200K, 
a driving range of 500km, 6 seats, a battery warranty 

Table 1. EVs’ attributes and levels. 

Attributes Description Levels Expected Sign

Driving Range
 (DRANG) Driving range per charge

DRANG1: 400KM 

+DRANG2: 500KM

DRANG3: 600KM

Battery Warranty (BATT) The warranty period for EV 
battery

BATT1: 6 years
+

BATT2: 8 years

Seat 
(SEAT) EV’s number of seats

SEAT1: 5 seats  
+

SEAT2: 6–7 seats 

Charging Time (CHARG) Fast charging time
CHARG1: 1.5 hours

CHARG2: 1 hour 
CHARG3: 40 minutes 

+

Price Purchase price of EV

CNY80k

-
CNY150k

CNY200k

CNY280k

Note: An exchange rate of USD 1 equals CNY6.7 in 2022 (Source: Bank of China, 2023).
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	 	 (6)

The minimum sample size of the study is 125. Finally, 
355 respondents participated in our comprehensive 
survey.

Based on the insights from the pre-test, we found 
that respondents needed more than 200 seconds to 
provide thoughtful responses to the questionnaire.  
As a result, we retained only those questionnaire 
samples that took more than 200 seconds to complete. 
Eventually, we obtained 330 effective questionnaires, 
achieving a remarkable survey recovery efficiency of 
92.9%.

Results and Discussion 

The data were examined to assess consumers’ 
preferences and WTP for EVs in Shandong. The 
findings are presented as follows: we analyze the 
respondents’ socio-demographic characteristics and 
conduct estimations for basic models, encompassing 

both the CL and MXL models. Then, we extend these 
models to account for interactions with consumers’ 
socio-demographic traits and finally evaluate WTP in 
relation to EVs’ attributes.

Respondents’ Socio-demographic Characteristics

Table 2 displays a basic statistical outline of the 
social and demographic attributes of the consumers. 
Corresponding to the prevalence of male drivers in 
China, male participants constituted 55.2%, notably 
surpassing the percentage of female participants.  
A majority of 73.8% of the participants fell within the age 
range of 26 to 45 years old, indicating a concentration 
among the young and middle-aged population. Given 
that this age group constitutes the primary car-buying 
demographic, the results are expected to have high 
validity.

The sample exhibits a relatively high level of 
education and income. A substantial 54.9% of the 
respondents reported holding a bachelor’s or higher 
degree. This is primarily due to the significant 
representation of participants from Shandong, which 

Fig. 1. A choice card example.
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is known for higher education. Respondents whose 
families had three members constitute 34.7%, followed 
by those with four (31.93%). Most of the parents had 
only one child. This reflects the situation in China, as 
the “one child” policy was adopted from 1980 to 2016.

Table 3 shows the analysis of consumers’ opinions 
on a 5-point scale. It indicated that respondents cared 
about environmental problems. For the statement 
“I believe my purchasing of EVs is helpful for the 
environment”, 35% of the respondents agreed with it, 
and 19% chose “strongly agree”. It indicated that most 
of the respondents cared about environmental issues 
and believed that EVs were helpful to the environment. 
Meanwhile, 21% of the 330 respondents strongly agreed, 
and 40% of them agreed that the EV would develop well 
in the future. 

For subsidy policy, 31% of the respondents strongly 
agreed, and 33% of them agreed with the current subsidy 
of EV. But when the subsidy was canceled, 41% of the 
respondents strongly agreed and agreed that they would 
consider buying them. It showed that the subsidy policy 
still has a significant impact on whether people choose 
to purchase EVs or not.

Basic Conditional and Mixed Logit Models

To assess the efficacy of the models, we employed 
the basic CL model and the basic MXL model. 
The outcomes and findings of these models can be 
found in Table 4, which shows that the coefficients 
associated with all attributes exhibit strong statistical 
significance in both models; except CHARG2, which 
is not significant. The attribute of price has a negative 
sign, significant at the 1% level. The signs of all the 
attributes align with expectations. Additionally, the 
coefficients for these attributes are at lower rather than 
higher levels. The attribute of number of seats, which 
was paid the most attention, had a positive sign and was 
significant at the 1% level, as expected. This explains 
why consumers preferred 6–7 seats in EVs. The largest 
coefficient reported by consumers was BATT2, meaning 
“battery warranty period”, is the most crucial attribute 
for consumers.

Furthermore, within the MXL model, all EV 
attributes exhibit a normal distribution and are designated 
as random factors. However, the distribution of the 
price was non-random. The assessment of standard 
deviation within the MXL model points to the presence 

Table 2. Respondents’ socio-demographic characteristics. 

Demographic variables Categories Frequency Percentage (%)

Age

25 and under
26–35
36–45
46–55

Above 56

41
86
141
46
16

12.42
26.06
47.73
13.94
4.85 

Gender Female
Male

148
182

44.85
55.15

Level of Education

Junior high school and under
High school

Junior College
Undergraduate degree
Postgraduate degree

34
52
63
102
79

10.3
15.76
19.09
30.91
23.94

Monthly Gross Income in CNY

Less than CNY3,000           
CNY3,001–CNY5000
CNY5001–CNY8,000

CNY8,001–CNY15,000
CNY15,001–CNY30,000
More than CNY30,001

25
43
79
130
41
12

7.58
13.03
23.94
39.39
12.42
3.64

Family size 

1
2
3
4
5

6 or more

0
19
132
113
43
23

0
5.76
40

34.24
13.03
6.97

Occupation

Public Institution        
Enterprise 

Self Employed 
Unemployed

Student 
Retired

114
132
50
22
8
4

34.55
40

15.15
6.67
2.42
1.21

Note: An exchange rate of USD 1 equals CNY 6.7 in 2022 (Source: Bank of China, 2023).
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of diverse preferences among participants for each 
attribute, excluding DAGNG2 and CHARG2, due to 
their insignificant coefficients. Table 4 explains the good 
fits of the basic CL and MXL models. The pseudo-R2 of 

the CL model is 0.08, which is improved to 0.2 by the 
MXL model. This demonstrates the MXL’s more precise 
specification due to its incorporation of consumers’ 
diversity and superior fit compared to the CL model.

Table 3. The perception and awareness toward EVs.

Table 4. Results of basic CL and MXL model results.

Statement Strongly Agree Agree Neutral Disagree Strongly Disagree

Frq. Per. % Frq. Per. % Frq. Per. % Frq. Per. % Frq. Per. %

1) I believe that my purchasing 
of an electric vehicle is 
helpful to the environment

62 19 117 35 88 27 49 15 14 4

2) I agree with the subsidy of
electric vehicles. 101 31 111 33 79 24 26 8 28 4

3) I believe that electric vehicles
will develop well in the future. 69 21 131 40 70 21 45 14 15 4

4) Everyone has the responsibility
to solve energy and environment

problems.
98 30 116 35 67 20 35 11 14 4

5) Although there is no subsidy, I
will consider buying EVs. 58 18 77 23 117 35 52 16 26 8

Variable
Basic CL model Basic MXL model

Coefficient Std. error Coefficient Std. error

DRANG2 0.35472*** 0.09236 0.46487*** 0.12069

DRANG3 0.70364*** 0.06876 0.85711*** 0.08770

SEAT2 0.22276*** 0.07533 0.33402***  0.10265

BATT2 1.25692*** 0.07091 1.58771*** 0.10869

CHARG2 0. 00960 0.08703 0.01851 0.09712

CHARG3 0.18247** 0.08564 0.32340*** 0.10634

PRICE -0.00123*** 0.00042 -0.00139*** 0.00048

Derived Standard Deviations of Parameter Distributions

NSDRANG2 - - 0.49443 0.33739

NSDRANG3 - - 0.57981*** 0.20793

NSSEAT2 - - 0.08379*** 0.14777

NSBATT2 - - 0.01490*** 0.12759

NSCHARG2 - - 0.24068 0.26717

NSCHARG3 - - 0.83079*** 0.12520

Summary Statistics

Log-likelihood function -2367 -2321

Log-likelihood -2574 -2367

Pseudo-R2 0.08 0.2

Adjusted-R2 0.079   0.197

Number of observation 2640 2640

Note: *** significant at 1%, ** significant at 5% and * significant at 10%.
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Conditional and Mixed Logit Interaction Models

The CL and MXL interaction models can incorporate 
the interactions between consumers’ socio-demographic 

characteristics and EV attributes. These interactions are 
able to explain the factors contributing to heterogeneity 
in preferences and improve its fitness. Additionally, they 
can help to relax the independence of the IIA assumption.

Table 5. Results of the CL and MXL interaction model results.

Variable
CL Interaction Model MXL Interaction Model

Coefficient Std. error Coefficient Std. error

Random Parameters in Utility Functions

DRANG2  0.61702*** 0.12748  0.73649*** 0.14791

DRANG3 0.36618** 0.17858 0.48208** 0.22557

SEAT2 0.41705* 0.23662 0.47830 0.31767

BATT2  0.83483*** 0.17617  1.01996*** 0.23705

CHARG2 0.01459 0.08736 0.06039 0.09753

CHARG3 -0.28622 0.17923 -0.27572 0.22359

PRICE  -0.00127*** 0.00042  -0.00163*** 0.00049

DRANG2_GEN  -0.44725*** 0.14467 -0.41875** 0.19401

DRANG3_AGE 0.12522** 0.06033 0.14696* 0.07849

SEAT2_EDU  -0.15310*** 0.05335   -0.17384** 0.07701

BATT2_EDU  0.12641*** 0.04838  0.16615** 0.06488

CHARG3_EDU  0.13921*** 0.04661   0.19242*** 0.06102

SEAT2_INC 0.09420* 0.05263 0.12746* 0.07289

Derived Standard Deviations of Parameter Distributions

NSDRANG2 - - 0.10448         0.36455

NSDRANG3 - - 0.32338 0.27309

NSSEAT2 - -  0.90555*** 0.19738

NSBATT2 - -  0.94933*** 0.15156

NSCHARG2 - - 0.07418 0.46952

NSCHARG3 - -  0.66750*** 0.18509

NSDRANG2_GEN - - 0.84516** 0.33165

NSDRANG3_AGE - -  0.21481*** 0.06786

NSSEAT2_EDU - - 0.16850** 0.07027

NSBATT2_EDU - - 0.07586 0.07924

NSCHARG3_EDU - -  0.18440*** 0.04755

NSSEAT2_INC - - 0.03221 0.17953

Summary Statistics

Log-likelihood function -2342 -2292

Log-likelihood -2574 -2180

Pseudo-R2 0.090 0.210

Adjusted-R2 0.088 0.206

Number of observation 2640 2640

Note: *** significant at 1%, ** significant at 5% and * significant at 10%.
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There are 30 interaction variables incorporated in the 
interaction model. Firstly, it analyzes all the interaction 
variables to delete all the insignificant variables. Then, 
it repeats this step until all the interaction variables 
are significant. Finally, it identifies the final significant 
variables and main attributes, which are reported  
in Table 5.

The Pseudo-R2 of the CL and MXL interaction 
models have improved to 0.09 and 0.21, compared 
with 0.08 for the basic CL model and 0.20 for the basic 
MXL model. The results of the two models are similar. 
Firstly, the coefficient for the price attribute is negative 
and significant, while those for CHARG2 and CHARG3 
are insignificant. Secondly, the coefficients of DRANG2 
and BATT2 are significant at the 1% level, and those  
of DRANG3 at the 5% level. Finally, only the coefficient 
of SEAT2 is different: it is significant at the 10% level  
in the CL interaction model, but declines to insignificant 

in the MXL model. This can be described by the 
interaction with the consumers’ socio-demographic 
characteristics. 

Furthermore, the coefficients of the statistically 
significant interaction variables are collected. The 
coefficient of DRANG2_GEN presents a negative sign, 
which suggests that female consumers prefer EVs with 
a medium driving range (500km). The coefficient of 
DRANG3_AGE presents a positive sign, indicating 
that older consumers favor EVs with the longest driving 
range (600km). The coefficient of SEAT2_EDU is 
negative, while SEAT2_INC is positive, which suggests 
that lower-educated and high-income consumers  
prefer EVs with 6 or 7 seats. The positive signs of 
BATT2_EDU and CHARG3_EDU indicate that well-
educated consumers favor EVs with 6 or 7 seats and the 
shortest charging time (40 min).

Table 6. Results of marginal WTP for basic models.

Table 7. Results of marginal WTP for interaction models.

Variable
Basic CL Model Basic MXL Model

Coefficient Std. error Coefficient Std. error

DRANG2 288,041** 119.8724 334,248** 132.4426

DRANG3 571,375*** 205.5784 616,271*** 220.8481

SEAT2 180,886*** 69.59822 240,165*** 91.86379

BATT2 1,020,66*** 361.0890 1,141,580*** 408.2894

CHARG2 7,795 69.19070 13,311 67.15884

CHARG3 148,174*** 57.39924 232,526*** 75.17076

Note: *** significant at 1%, ** significant at 5% and * significant at 10%.

Variable
CL Interaction Model MXL Interaction Model

Coefficient Std. error Coefficient Std. error

DRANG2 486,902*** 186.5394 452,278*** 155.5635

DRANG3 288,962* 173.2239 296,043* 165.8311

SEAT2 329,098 203.6396 293,724 205.7013

BATT2 658,774** 265.8822 626,352*** 242.8092

CHARG2 11,512 66.81627 37,086 53.61628

CHARG3 -225,864 176.8355 -169,320 157.2153

DRANG2_GEN -352,936** 163.3388 -257,151* 143.0279

DRANG3_AGE 98,813* 57.50027 90,250* 54.75102

SEAT2_EDU -120,817** 57.57754 -106,753* 57.07585

BATT2_EDU 99,753** 50.77141 102,032** 50.20118

CHARG3_EDU 109,850** 51.61476 118,165** 50.86835

SEAT2_INC 74,335 48.35863 78,270 50.39454

Note: *** significant at 1%, ** significant at 5% and * significant at 10%.
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Willingness-To-Pay

Table 6 and Table 7 present the WTP for various 
EV attributes. The determination of WTP for the model 
involves dividing the attribute’s coefficient by the 
absolute magnitude of the coefficient related to the EV’s 
buying price. The outcome is then multiplied by 1000, 
given that the purchase price is represented in thousands 
of yuan. Table 6 shows the results of the basic CL and 
MXL models. The findings from MXL indicate elevated 
estimates for WTP across all attributes, compared 
to those generated by the CL model. Positive and 
statistically meaningful economic values are observed 
for attributes related to EVs. Particularly noteworthy 
is the substantial WTP associated with the highest 
tier of each attribute, as demonstrated in the findings. 
The highest WTP is related to the attribute of battery 
period, at CNY1,141,580, followed by driving range 
(DRGANG2 and DRGANG3). 

The coefficient patterns in Table 7 demonstrate 
identical trends for the variables. DRANG2_GEN and 
SEAT2_EDU are negative, while DRANG3_AGE, 
BATT2_EDU, CHARG3_EDU, and SEAT2_INC are 
positive. The outcome indicates that education has 
a positive influence on WTP for enhancing battery 
warranty periods and reducing charging time, but 
negatively affects WTP for increasing the number of 
seats in EVs. Regarding the interaction outcomes for 
WTP, it was found that females and older people are 
willing to pay more for driving range, and well-paid 
people are more willing to pay for EVs with 6 or 7 
seats. The results provided a specific contribution by 
analyzing diverse demographic influences, exploring 
novel insights, and establishing meaningful connections 
between EV preferences and other implications.

The findings regarding WTP suggest that 
respondents are willing to invest in improving critical 
aspects of EVs, even though their preferences for 
specific attributes vary. The highest WTP observed in 
this study pertains to the battery warranty attribute, 
amounting to CNY1,141,580. Abotalebi [5] reported a 
WTP of US$3,937 for a better battery warranty when 
the purchase price was $1,000. WTPs for driving range 
and charging time have been frequently examined in 
prior literature. For instance, Inci et al. [4] estimated that 
consumers were willing to pay US$20.7 per kilometer 
to extend the driving range. Additionally, the WTP for 
reducing charging time was $258 per minute in Istanbul. 
These findings are consistent with those of Hackbarth 
and Madlener [40], who reported a WTP for driving 
range ranging from US$14.5 to US$151 per kilometer, 
and a WTP for reduced charging time of US$233 per 
minute in Germany. Noel et al. [41] found that WTPs for 
improving driving range were approximately €150/km 
and €5,600 per hour for reducing charging time across 
Denmark, Finland, Iceland, Norway, and Sweden.

In China, Qian et al. [8] indicated that WTP for 
driving range was about CNY587 per additional 
kilometer, and CNY2,424 per minute of reduced 

charging time. Ma et al. [42] found that high WTP values 
were related to enhancements in driving range and 
charging time attributes. The WTP for an extra 50 km 
of driving range was CNY25,055, while an additional 
100km produced a marginal WTP of CNY29,540.  
The WTP for a shorter charging time was CNY16,004 
per hour. Furthermore, Li et al. [7] found the WTP 
for driving range was CNY49,091 (200km), while the 
WTP for reducing charging time was CNY12,727 
per 5 minutes. The results of this study show that the 
respondents’ WTP for charging time is similar to other 
studies, while the WTP for driving range is higher than 
others.

Conclusions

The transport sector is increasingly focusing on 
EVs due to their ability to mitigate environmental 
concerns, such as reducing greenhouse gas emissions, 
in contrast to conventional fuel-powered vehicles. This 
research investigated consumers’ preferences and WTP  
for EVs in China. The results of the basic model  
showed that all the attributes of EVs had positive 
impacts, except price, which had a negative impact. 
Moreover, the findings remained consistent across 
different estimation techniques, which underscored 
consumers’ WTP, while they expressed a preference for 
EVs with six or seven seats. It added six or more seats 
as an attribute that has not been extensively explored 
in previous studies. It provides a new perspective 
for understanding and meeting consumer needs. The 
consumers were willing to pay the highest amount 
to improve the EVs’ battery warranty, followed by 
increasing the driving range. Additionally, the results 
revealed that female and older consumers preferred a 
longer driving range. In addition, lower-educated and 
high-income consumers preferred EVs with six or seven 
seats, while well-educated consumers preferred a longer 
battery warranty (eight years) and the shortest charging 
time (40 min).

Consumers have the ability to articulate preferences 
regarding EVs, which can provide vital insights for 
policymakers. The advancement and acceptance of EVs 
have contributed to the accomplishment of Sustainable 
Development Goals 7. They not only lessen reliance 
on conventional energy sources but also provide more 
sustainable and ecologically friendly modes of mobility. 
China played a major role in the global sustainable 
development agenda, which is shown in its commitment 
to sustainable development.

The results based on CE analysis showed that among 
all the attributes that were used to characterize the EVs, 
improving battery lifetime and driving range obtained 
the highest WTP values. Thus, manufacturers can 
efficiently allocate budgets to develop battery and driving 
range to meet consumers’ preferences. Furthermore, 
despite the gradual reduction of government financial 
subsidies, the government can play a leading role, 
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as demonstrated by the prioritized adoption of EVs  
in the current fleet of public and government vehicles. 
Simultaneously, there should be continued efforts to 
further enhance the development of supporting public 
infrastructure for EVs.

In addition, based on the MXL and CL interaction 
models’ results, education, gender, and age have 
different impacts on consumers’ preferences for EVs. 
In particular, strategies could be formulated to focus 
on demographic segments with lower willingness. 
For example, education exerts important influences 
on consumers’ preferences regarding EVs. More 
specifically, strategies could be devised to target less 
receptive groups, emphasizing the significance of 
specific attributes through educational channels such as 
schools and universities. This approach aims to heighten 
awareness within the community and promote their 
involvement in the EV program.

Finally, it should be noted that the research did 
not consider brand attributes when designing the CE 
study. However, with the growing economic strength 
of China and the current rise of domestic enterprises, 
an increasing number of Chinese consumers have 
a strong preference for domestic brands. Therefore, 
future studies can take this attribute into consideration. 
Moreover, a fundamental assumption within CE is that 
survey respondents take into account all the attributes 
and alternatives presented to them. In certain situations, 
complex choice scenarios can compel respondents to 
employ decision strategies in order to avoid making 
challenging decisions. For example, the respondents 
could ignore certain attributes when making a choice. 
Therefore, future research endeavors could delve into the 
issue of attribute non-attendance to ascertain whether 
there is any bias in estimating WTP, particularly in 
studies involving a large number of attributes. Also, 
it is recommended for future studies to investigate the 
price sensitivity in order to gain a deeper understanding 
of the impact of EVs on sales performance and help 
manufacturers better comprehend consumers’ responses 
to changes in price.
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