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ARTICLE INFO ABSTRACT
Keywords: Speeding up the promotion of new energy vehicles is an important measure to optimize the energy
New energy vehicles structure, promote energy conservation and emission reduction, and develop the economy sus-

Purchase willingness
Public acceptance
Global Moran’s I
Jinan City

tainability. The research uses a questionnaire survey to analyze the residents’ willingness to
purchase new energy vehicles in Jinan City of China, and utilizes the binomial logistic regression
model and Global Moran’s I to explain the impact of three factors (including respondents’ personal
characteristics and subjective cognition, products, and social environment) on the purchase
willingness of new energy vehicles. According to the survey, 75.12% of the respondents consider
buying new energy vehicles in the future, but only 11.66% of the respondents know new energy
vehicles well. It can be seen that the respondents in Jinan City generally have an insufficient
understanding of new energy vehicles. It may lead to a decline in residents’ trust in new energy
vehicles, which will in turn affect their purchase willingness. Based on the survey, we find that
women who live far from the city center enjoy high incomes and have a low-carbon awareness,
generally exhibit a higher willingness to purchase new energy vehicles. Spatial distribution of the
purchase willingness has certain aggregation characteristics, showing a positive spatial correlation
pattern. Purchase willingness has a certain positive diffusion effect in space, and areas with a
higher purchase willingness have a positive driving effect on their surrounding regions. Spatial
distribution of the purchase willingness can be used as one of the breakthroughs in promoting new
energy vehicles. In addition, safety, price, after-sales service, and infrastructure of new energy
vehicles are important determinants of people’s purchase willingness. Among the types of sub-
sidies, financial subsidy is most effective on the residents’ purchase willingness. Our research
provides an important information for the promotion of new energy vehicles in the region.

1. Introduction

With the rapid development of economy, especially in first-tier cities and provincial capitals, the number of private cars owned by
citizens is increasing. As an important means of transportation, cars bring us convenience, but they also come with many negative
effects, such as traffic congestion and air pollution (Man and Yin, 2015). At the same time, countries around the world are also
promulgating policies. For instance, Britain and France have formulated timetables for banning the sales of fuel vehicles. However, for
global auto companies, the economic and administrative penalties for non-compliance with emission regulations, such as China’s “CAFE
regulations” and the stricter emission standards implemented in Europe, have forced various auto companies to take action of banning
sales of fuel cars. Therefore, as an emerging product to meet social needs, pollution-free new energy vehicles have received increasing
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attention from both the government and the public (Liu et al., 2018a). The survey on the purchase willingness of new energy vehicles is
helpful to understand the public’s real thoughts. It displays the related study of its impact mechanism and also puts forward targeted
recommendations for the promotion of new energy vehicles.

The entry perspectives of domestic and foreign scholars on the factors affecting the purchase willingness can be roughly divided into
three main aspects: consumers, product strategies, and external policies. Many studies, from the perspective of consumers, have
investigated the impact of consumer preferences (Lou et al., 2012; Axsen et al., 2015; Cirillo et al., 2017), knowledge of new energy
vehicles (Lane and Potter, 2007; Sun, 2017), environmental awareness (Lane and Potter, 2007; Shen and Saijo, 2008; Zhao et al., 2018),
and demographic characteristics (Kurani et al., 2008; Shen and Saijo, 2008; Carley et al., 2013; Axsen et al., 2015; Cirillo et al., 2017) on
the purchase willingness of new energy vehicles. A survey conducted by Cirillo et al. (2017) in Maryland of USA showed that young
people are more likely to buy high-tech vehicles, especially battery electric vehicles (BEV). Well-educated females (bachelor degree or
higher) prefer to choose hybrid electric vehicle (HEV), while male equivalents are more likely to buy BEV (Cirillo et al., 2017). A survey
of adult drivers in larger US cities found that interests in plug-in hybrid technology are somewhat greater than those in all-electric
technology, and consumers, who show early interests in adopting electric vehicles, are typically highly educated (Carley et al.,
2013). In addition, Moons and Pelsmacker (2012) indicated that emotion and attitude towards the electric cars are the strongest de-
terminants of people’s willingness of diving electric cars, with the subjective norm being the second strongest factor. In terms of product
strategy, scholars both at home and abroad have mainly investigated the effects of price (Till et al., 2018), cost (Caulfield et al., 2010; Till
et al., 2018), and performance (Caulfield et al., 2010; Xu and Xu, 2010; Skippon and Garwood, 2011; Zhang et al., 2011; Egbue and
Long, 2012) on the purchase willingness. Xu and Xu (2010), Zhang et al. (2011), Egbue and Long (2012), and He et al. (2012) pointed
out that products with good performance will increase consumers’ purchase willingness. And once consumers perceive electric cars to be
superior in performance compared with conventional ones, they will possibly be early adopters of electric vehicles. In terms of external
policies, domestic and foreign scholars have studied charging standards (Peters et al., 2008), tax incentives (Caulfield et al., 2010;
Gallagher and Muehlegger, 2011), and government industrial policies (Yang, 2012). Peters et al. (2008) analyzed whether absolute or
relative charging standards would encourage more consumers to switch to those vehicles with lower energy consumption. Gallagher and
Muehlegger (2011) studied the relative efficacy of state sales tax waivers, income tax credits, and non-tax incentives and found that the
type of tax incentive offered is as important as its generosity. From the government’s industrial policy, Yang (2012) pointed out that the
government has a significant impact on the consumers’ purchase willingness, whether from the research and development stage, the
preferential subsidies for taxes and fees at the time of purchase, or the construction of supporting facilities. In addition, some foreign
scholars also discussed the impact of electric vehicles on sustainability (Dang et al., 2014). The existing literature, foreign scholars’
research on the purchase willingness, is relatively sufficient, while related research is rarely documented in China. Moreover, domestic
and foreign scholars mostly start from a certain perspective, so there are few comprehensive studies on multiple perspectives.

Jinan City, the capital of Shandong Province in China and the core city of the Shandong Peninsula urban agglomeration, is an
important meeting point between the Circum-Bohai Sea Economic Zone and the Beijing-Shanghai Economic Axis. It is also the leading
area which boasts the shift in driving forces for development. In recent years, the haze situation in Jinan City has attracted much
attention. Improving the air quality of Jinan City has become an issue that increasingly attracts people’s attention and urgently needs to
be solved. In addition, the traffic congestion in Jinan City is severe, but the traditional fuel vehicle ownership is still very high, a typical
situation in major cities in China. Promoting new energy vehicles will greatly help improve urban air quality and reduce our dependence
on fossil fuels. Although new energy vehicles have many benefits and are in line with domestic policy guidance, widespread adoption of
new energy vehicles still faces obstacles. One major obstacle is that consumers do not fully trust new energy vehicles. Therefore, the
current research was carried out in Jinan City and obtained primary information on the purchase willingness of new energy vehicles
through a questionnaire survey, with behavioral psychology, marketing, sociology, geography, and other subject theories integrated.
The goal is to conduct questionnaire design and selection of influence factors and to investigate the purchase willingness of new energy
vehicles, combining domestic political, economic, and cultural backgrounds. These results can help policy makers to specify promotion
strategies of new energy vehicles and can also provide guidance for electric vehicle engineers to enhance consumers’ preference in
electric vehicle engineering design decisions (Shen and Saijo, 2008).

2. Methods and data sources
2.1. Study area

Jinan City (34°52'12"-37°19'12"N, 116°27'00"-117°34'12"E), also known as “City of Springs”, is a sub-provincial city of Shandong
Province, China. It is the political, economic, cultural, technological, educational, and financial center and an important transportation
hub of Shandong Province. Connected to the circle of economy around the Beijing City in the North and the Yangtze River Delta
economic circle in the South, it is an important intersection between the Circum-Bohai Sea Economic Zone and the Beijing-Shanghai
Economic Axis, and is also one of the central cities in the Bohai Rim and in the middle and lower reaches of the Yellow River. As of
2019, the city has ten districts and two counties, with a total area of 1.02 x 10* km?, a built-up area of 0.76 x 10° km?, a permanent
population of 8.91 x 108, an urban population of 6.34 x 10°, and an urbanization rate of 71.21%. With the increase of population and
economic development in Jinan City, the number of private cars is also increasing. The increase in the number of traditional fuel vehicles
has brought heavy energy and atmospheric pressure, which has aggravated environmental problems. Improving air quality in Jinan City
has become a growing public attention and an urgent problem.

Starting from 1 December 2016, five cities, including Jinan City, Shanghai City, Nanjing City, Wuxi City, and Shenzhen City, took the
lead in launching special license plates for new energy vehicles. According to relevant statistics, in the four years from 2015 to 2018,
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China’s new energy vehicle subsidies amounted to 224.4 billion CNY, plus the charging facilities, local research funding, purchase tax
reduction, and other expenses, the state’s investment in the new energy vehicle industry was more than 390.0 billion CNY. In response
to the call of the state, Shandong Province also took the lead in issuing the “Air Pollution Prevention and Control Plan Phase III Action
Plan”. The plan proposes that all public buses, official vehicles, municipal vehicles, sanitation vehicles, and other vehicles purchased
with financial funds should give priority to using new energy vehicles.

Despite climate change concerns and the general social agreement for a more sustainable society, the reduction of transportation
emissions in urban areas requires methods and infrastructures that have a significant impact on the promotion of new energy vehicles.
Consequently, in the following paragraphs, we investigated the residents’ willingness to purchase new energy vehicles in Jinan City.
Using the binomial logistic regression model and Global Moran’s I, we analyzed the influence of various factors on the purchase
willingness of new energy vehicles.

2.2. Research methods

2.2.1. Binomial logistic regression

Binomial logistic regression model is a linear regression analysis with the dependent variable being binary. The study took residents’
willingness to buy new energy vehicles as the dependent variable to obtain the (0, 1) distribution of purchase and non-purchase, and
used this model to carry out a quantitative study of each influencing factor of the purchase willingness. The binomial logistic regression
model corresponding to the independent variables is described as follows (He, 2008):

pY=1)= exp(fy + A1 X1 + o Xo + - + B,X)

_ 7 1
L +exp(fy + B X1 + foXo + - + B,X,) ()

where, f is a constant term (or intercept), and f; is the partial regression coefficient corresponding to X;. The probability ratio between
the occurrence of the event (p;) and the non-occurrence (1-p;) is called the odds ratio, which means that under the condition that other
independent variables are constant, the independent variable X, changes by a unit, and the dependent variable corresponding to the
odds ratio averages Exp units. Logarithmic transformation of the odds ratio to obtain a linear model of the binomial logistic regression
model is as follows (He, 2008):

I P =B BiXs B X @
2.2.2. Global Moran’s I (Moran’s I)

This indicator reflects whether the distribution of regional attribute values is clustered, discrete, or random. The range of the Moran’s
Iis from —1 to 1, in which the value lower than 0 indicates a negative correlation, the value higher than 0 indicates a positive correlation
on the surface, and the value being of 0 indicates no correlation. We used the Moran’s I to conduct an autocorrelation analysis of the
purchase willingness of the respondents from ten districts and two counties of Jinan City, so as to study the relationship between the
spatial distribution of the respondents and the purchase willingness.

The Moran’s I statistic for spatial autocorrelation is given as:

n n
MY D Wik

I = )
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©))

where z; is the deviation of an attribute for feature i from its mean, w;; is the spatial weight between feature i and j, n is equal to the total
number of features, and Sy is the aggregate of all the spatial weights:
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The z; score for the statistic is computed as:
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Where z; is the score of 2, I is the Moran’s I, E is the mean, V is the variance, and n is equal to the total number of features.
2.3. Data sources
The sample survey targeted residents in Jinan City. A total of 784 paper questionnaires and 1069 online questionnaires were
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covered. In order to ensure the validity of the questionnaires, we checked and screened the 1853 questionnaires involved later. The
returned questionnaires must meet the following three requirements: (1) the answering time is not less than 3 min; (2) there are no
contradictory answers; and (3) there must be less than four consecutive questions with the same options in response. After verification,
the effective number of the paper questionnaires was 748, with an effective rate of 95.41%, and the effective number of the online
questionnaires was 1065, with an effective rate of 99.63%. So far, 1813 valid questionnaires were collected.

3. Results and discussion

In some countries, such as Norway, there is significant growth in the proportion of BEV among new registrations (Hinnuber et al.,
2019). Although the proportion of China’s new energy vehicle ownership in the total number of vehicles is increasing year by year, as of
June 2019, it only accounted for 1.37%. This disparity raises the questions of what are the main factors hindering consumers from
buying new energy vehicles in China and how they are perceived by potential customers. Our survey was launched in Jinan City to
analyze the residents’ willingness to purchase new energy vehicles. The binomial logistic regression model and Moran’s I were used to
explain the influence of various factors on the public’s purchase willingness.

3.1. Status of voluntary purchase of new energy vehicles

During the survey, the respondents were first asked if they currently owned a private car, and whether they would consider buying a
new energy vehicle. The results show that 75.12% of the respondents would buying a new energy vehicle (hereafter referred to as
purchase willingness), while only 24.88% of the respondents would not. It can be seen that most of the people have a receptive attitude
towards new energy vehicles, and the potential markets and development space are relatively large. According to the questionnaire
statistics, 31.29% of the masses do not know about new energy vehicles, 57.06% of the majority have a general understanding, and only
11.66% of the minority have a deep understanding. Therefore, the vast majority of people’s cognition of new energy vehicles is still
insufficient, lacking detailed understanding of their performance, price, and so on. At present, although the publics are more optimistic
about the purchase of new energy vehicles, their ambiguous understanding of new energy vehicles still hinders to some extent, making
more citizens lag behind in purchase actions.

3.2. Analysis of influencing factors of mass purchase willingness

The research on the influence mechanism of the purchase willingness (Fig. 1) started from the perspectives of residents, the product
itself, and the social environment. With the help of binomial logistic regression model, we used the residents’ purchase willingness W
(Yes =1, No = 0) as the explained variable and the influencing factors as explanatory variables, and calculated the model coefficient and
odds ratio of each influencing factor. Certain factors appeared in the form of multiple-choice questions in the questionnaires, for
example, car performance, and the model coefficients for calculating such influencing factors as a whole cannot accurately reflect the
influence of their sub-factors on the purchase willingness. Therefore, the study considered these sub-factors as unordered variables
(Appendix A) and the remaining factors as ordinal variables (Appendix B), and calculated the model coefficients and odds ratios of each
explanatory variable (Tables 1 and 2). In Tables 1 and 2, B represents the influencing factor of the purchase willingness. Then, the odds
ratio Exp(B) indicates that the factor increases by one level, and its corresponding acceptance probability becomes the original Exp(B)
times. The study set the confidence interval at 95% level. When the significance value of the influencing factor is less than 0.05, the
correlation is significant, that is, the factor has a significant influence on the public’s purchase willingness.

! v
1
- : Number of
Degree of Choice Favorite caFigpes
understanding motivation car type
T 1 T >l Prices “
— Product-specific | |
H . : factors After-sal
i Subjective perception er-sale |
i_’s - Tp - services ‘T ‘I
: . . Car | :
| Individual factors [-»{ Purchase intention performance | | |
' Y/N |
: ¥ —»| Government | | :
t<4  Personal characteristics Social subsidies |
environmental :

1
== O ! ! — factors [ | Infrastructure
I Gender || Age ||Education | Habitation : Monthly | |Environmental
|

\Lincome awareness > Social network

Fig. 1. Research on the influence mechanism of the purchase willingness of new energy vehicles. Y, yes; N, no.
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Table 1

Regression results of ordinal variables of influencing factors on purchase willingness of new energy vehicles.
Factor Model regression coefficient Exp(B)
Gender —0.899* (0.398) 0.407
Age —0.446* (0.334) 0.463
Education 0.585 (0.392) 1.794
Habitation 0.586** (0.225) 1.797
Monthly income 0.563* (0.239) 1.695
Environmental awareness 0.441** (0.240) 1.473
Degree of understanding —0.088 (0.310) 0.916
Price —0.574* (0.230) 0.190
After-sales services 0.733* (0.210) 1.657
Number of car types 0.632 (0.313) 1.342
Infrastructure 0.416* (0.214) 1.762

Note: *, P < 0.05 level; **, P < 0.01 level. The value in the parentheses represents the standard error of a single regression. B represents the influencing
factor of the purchase willingness.

Table 2
Regression results of unordered variables of influencing factors on purchase willingness of new energy vehicles.
Factor Unordered variable Model regression coefficient Exp(B)
Social network Television news 0.325%* (0.194) 1.384
Social communication —0.342 (0.173) 0.673
Internet 0.808** (0.211) 1.732
Adverts 0.412* (0.122) 1.356
Car purchase motivation Curiosity about new things 0.190 (0.314) 1.027
Out of low-carbon environmental protection 0.784** (0.187) 1.684
In line with future trends 0.355*% (0.165) 1.433
Government subsidies Financial subsidy 0.693* (0.144) 1.611
Free parking fees 0.012* (0.132) 1.023
Purchase tax exempt 0.243* (0.186) 1.342
Free number 0.039 (0.343) 1.132
Hands-free 0.246* (0.231) 1.274
Car performance Safety 0.743** (0.132) 1.843
Recharge mileage 0.675* (0.173) 1.694
Charging time 0.453 (0.432) 1.243
Accelerate performance 0.124* (0.253) 1.144

Note: *, P < 0.05 level; **, P < 0.01 level. The value in the parentheses represents the standard error of a single regression. B represents the influencing
factor of the purchase willingness.

3.2.1. Personal characteristics of the respondents

From regression results, we found that gender and age are generally negatively correlated with the public’s willingness to purchase
new energy vehicles (Table 1). The model coefficients are —0.899 and —0.446, respectively, indicating that young women are more
willing to purchase new energy vehicles (Liu and Li, 2010; Liu, 2016; Sun et al., 2018). Monthly income is positively correlated with the
respondents’ willingness to purchase new energy vehicles, which is consistent with the research of foreign scholars Cirillo et al. (2017),
with a model coefficient of 0.563, showing that with the increase of monthly income, the respondents in Jinan City will increase their
willingness to buy new energy vehicles. According to the binomial logistic regression results, habitation is roughly proportional to the
public’s willingness to purchase new energy vehicles and the model coefficient is 0.586 (Table 1), indicating that the farther away from
the city center, the stronger the purchase willingness.

In addition, we conducted a Moran’s I analysis on the purchase willingness of residents in different places in Jinan City. Results show
that the Moran’s I value is 0.388, the P value is in the range of 0.007-0.010, the z score is in the range of 2.580-2.696, and the con-
fidence level is 99%. Residents’ purchase willingness has a certain clustering feature in spatial distribution, with a spatial positive
correlation pattern. Therefore, the willingness has a certain positive diffusion effect in space, and areas with a higher purchase will-
ingness have a positive driving effect on their surrounding regions. Therefore, the promotion of new energy vehicles should strengthen
the influence on purchasers and the regional distribution differences of potential purchasers’ concern. The significance level of the
education is bigger than 0.05, which is not statistically significant, indicating that the education has no effect on the purchase will-
ingness (Table 1).

According to interviews and surveys, women know less about the new energy vehicle market, but they have stronger technical trust
and environmental awareness, which makes them more likely to accept new energy vehicles. Men’s understanding of new energy
vehicles is clearer, so they are more likely to worry about technology and supporting facilities of new energy vehicles. Young people’s
ability to accept new things is stronger than middle-aged and elderly people (Jiang and Sheng, 2017; Liu et al., 2018b). In addition to the
consideration of economy and practicality, middle-aged and elderly people pay more attention to their safety and motivation. They are
more conservative and have more concerns, so they are relatively less willing to buy new energy vehicles. People with higher monthly
incomes bear smaller economic burden and can pursue better life, so their willingness to buy new energy vehicles is stronger. The survey

16



X. Tian, Q. Zhang, Y. Chi et al. Regional Sustainability 2 (2021) 12-22

shows that the proportion of the respondents owning a car in the central urban area is relatively large, so the willingness to buy a car may
be relatively low in the short term, thus making the purchase willingness relatively weak. Imperfect factors like high maintenance costs
have led many residents in central city to think twice. Moreover, the high-density land use in the central urban area makes parking space
scarce (Kahn and Vaugh, 2009), while in comparison, the suburban residents have more living space, which saves people from the
difficulty of charging. Therefore, the suburban residents are relatively willing to purchase new energy vehicles.

3.2.2. Respondents’ subjective perception of new energy vehicles

More than 53.5% of residents choose new energy vehicles out of low-carbon environmental protection ideas, while only 7.5% are
motivated by freshness. Through binomial logistic regression analysis (Table 2), the model coefficient of low-carbon environmental
protection motivation and purchase willingness of new energy vehicles is 0.784, which has a strong positive correlation; the model
coefficient of future development trend motivation and purchase willingness is 0.355, which has a weak positive correlation; and
motivation of curiosity about fresh things has no obvious correlation with the purchase willingness. Therefore, residents motivated by
low-carbon environmental protection are more likely to accept new energy vehicles, while residents motivated by curiosity about new
things do not necessarily choose new energy vehicles. According to the results of model analysis, environmental protection awareness is
directly proportional to the public’s willingness to purchase new energy vehicles, and the model coefficient is 0.441 (Table 1), which
indicates that people with higher environmental awareness will correspondingly have a higher willingness to purchase new energy
vehicles (Mi et al., 2018; Sun and Wang, 2018). The significance level of the degree of understanding is greater than 0.05, which means
that the analysis of this sample is not statistically significant to the population. Therefore, the degree of understanding has no significant
impact on the purchase intention of new energy vehicles.

Studies have shown that purchasers of new energy vehicles have a stronger perception effect (Li, 2010; Tan, 2014; Sun and Xu, 2018;
Wei et al., 2018), their use of new energy vehicles can reduce air pollution and their behavior is environmentally friendly. At the same
time, most people have recognized that low-carbon and environmentally friendly consumption patterns and the popularization of the
new energy vehicle industry has become an inevitable development trend of contemporary social transportation. Residents with strong
awareness of low-carbon environmental protection pay special attentions to the environment. They will choose green and pollution-free
travel modes as their transportation means while traveling. New energy vehicles are green vehicles which do not cause air pollution and
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Fig. 2. Percentages of purchase willingness of new energy vehicles in different product factors. (a), car performance; (b), price; (c), after-sales
service; (d), number of car types.
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are favored by environmentalists.
3.2.3. Products’ features

3.2.3.1. Car performance. Residents attach the greatest importance to the safety performance of cars, with 81.59% of attention, fol-
lowed by 74.23% of recharge mileage, but they pay less attention to acceleration performance and charging time (Fig. 2a). The model
coefficients of safety, recharge mileage, and acceleration performance are 0.743, 0.675, and 0.124, respectively (Table 2). It can be seen
that the safety and recharge mileage of new energy vehicles are positively correlated with the public’s purchase willingness, and the
correlation is strong. Acceleration performance is weakly positively correlated with the purchase willingness, and the significance value
of charging time greater than 0.05 is statistically insignificant (Table 2). Therefore, safety and recharge mileage have a strong driving
power for the public’s purchase willingness, and the driving force of acceleration performance is weak, while the charging time has no
significant effect on the public’s willingness.

Safety is always the basic requirement of a new product, and the endurance mileage varies between new energy vehicles and
traditional ones. Meanwhile, endurance is also a technical challenge for new energy vehicles (Kurani et al., 2008; Dang et al., 2014).
Therefore, safety and recharge mileage have become the two most concerned performances.

3.2.3.2. Price. According to the sample statistics, 79.00% of the public’s acceptable price of new energy vehicles is less than 1.0 x 10°
CNY, among which 40.00% is 0.5 x 10° CNY to 1.0 x 10° CNY, and very few users accept the price higher than 2.0 x 10° CNY (Fig. 2b).
The regression results show that Exp(B) equals to 0.190, which means that in the case of other influencing factors, the probability of the
public accepting new energy vehicles will decrease by 0.190 times for each additional unit of price. It can be seen that economic factors
still have great restrictions on the willingness to buy new energy vehicles and most users are more willing to accept cheap ones. Besides,
for the US, the purchase price and operating costs are mentioned more often (Till et al., 2018).

From interviews and surveys, some people believe that the cost of new energy vehicles is high. Although there are financial and tax
subsidies, fuel-efficient vehicles with the same performance as electric ones are cheaper, and fuel-efficient vehicles with the same price
as electric cars have a better performance. With a certain budget, low-income groups are more likely to choose fuel vehicles to meet their
travel demand, while middle- and high-income groups will consider the psychological needs of greenness and emission reduction, which
will affect residents’ willingness to purchase new energy vehicles (Dang et al., 2014; Liu and Mu, 2016; Huang et al., 2018).

3.2.3.3. After-sales service. As high as 78.00% of the respondents believe that the current after-sales service of new energy vehicles is
mediocre (Fig. 2c). There is still much room for improvement in terms of after-sales service. The after-sales service of new energy
vehicles is positively correlated with the public’s willingness to purchase (Table 1). The model coefficient is 0.733 and Exp(B) equals to
1.657, which indicates that the better the after-sales service of cars is, the higher the willingness of the residents to purchase new energy
vehicles will be. A perfect after-sales service system can ease people’s worries about new energy vehicles and provide guarantee for the
public to purchase new energy vehicles. At the same time, it will help establish a good relationship between sellers and customers, which
is conducive to the optimization and improvement of product quality, thereby increasing people’s purchase willingness.

3.2.3.4. Number of car types. Only 11.00% of the respondents point out that there are many types of new energy vehicles at present
(Fig. 2d), and the number of new energy vehicle types has a significance level value greater than 0.05, which is not significant and has no
statistical significance on the purchase willingness (Table 1).
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Fig. 3. Percentages of purchase willingness of new energy vehicles for different social environmental factors. (a), government subsidies; (b),
infrastructure; (c), social network.
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3.2.4. Social environmental factors

3.2.4.1. Government subsidies. Among the expected government subsidies, financial subsidy is the most expected one, accounting for
48.50% of the total (Fig. 3a). The second is exemption from purchase tax and free parking fees. However, the minimum free number and
hands-free account for 14.50% in total. By binomial logistic regression analysis, we can see that the model coefficient of financial
subsidy is 0.693 (Table 2). Financial subsidy is positively correlated with the public’s purchase willingness. Therefore, it has a strong
positive impact on the public’s purchase willingness. The model coefficients of free parking fees, purchase tax exempt, and hands-free
are all small. Although they are positively correlated with the purchase willingness, the correlations are weak. The free number factor is
not statistically significant because the significance level is greater than 0.05.

Economic problems are a common issue for most people who consider buying new energy vehicles. However, limited numbers,
license plates, parking fees, etc. are problems in some traffic congested cities. From the perspective of the residents, financial subsidy can
enhance their willingness to buy new energy vehicles (Wang et al., 2017).

3.2.4.2. Infrastructure. According to the survey, 56.00% of the respondents believe that the current infrastructure of new energy ve-
hicles is inadequate, and only 7.00% show that the current infrastructure is well-developed (Fig. 3b). It can be seen that the current
infrastructure construction of new energy vehicles needs to be further strengthened. In the binomial logistic regression analysis, the
model coefficient of infrastructure factor is 0.416 (Table 1). Therefore, infrastructure is positively correlated with the public’s purchase
willingness, and the correlation is moderate. That is to say, infrastructure is the driving factor for new energy vehicle acceptance. The
supporting infrastructure of new energy vehicles affects cars’ energy supply, charging convenience, battery life, and other important
performances, and plays a decisive role in the implementation of new energy vehicles in general. Therefore, sound infrastructure has a
significant positive impact on the public’s purchase willingness. And in Germany, energy prices and the charging infrastructure are also
important factors in the decision to purchase new energy vehicles (Till et al., 2018).

3.2.4.3. Social network. According to the statistics, the number of people who know about new energy vehicles via the Internet is
46.01%, nearly half of the respondents. Secondly, television news account for 32.52%, but only 4.29% learn through adverts (Fig. 3c).
Based on the binomial logistic regression analysis, the model correlation coefficients of television news, Internet, and adverts are all
above 0.300, positively correlated with the public’s purchase willingness. And the Exp(B) value of the Internet is the largest, namely
1.732, indicating that the online channel has the strongest correlation with the public’s purchase willingness. However, the significance
value of social communication factors is greater than 0.05, which is not statistically significant.

In comparison, the four channels (television news, social communication, internet, and adverts) highlight the characteristics of social
network communication: low cost, rapid transmission, large amount of information, detailed information, abundant real-time infor-
mation, and strong social sensitivity. Considering that new energy vehicles have not yet been officially launched on a large scale, online
promotion may be the most effective way. As new energy vehicles have not become a hot issue in society, the effects of news
dissemination and social communication are not outstanding. There are only a few independent industries producing new energy ve-
hicles. Due to the incomplete new energy vehicle industry chain, the company’s profit margin is small and the advertising funding is
insufficient, resulting in the lack of large-scale advertising.

4. Recommendations for the promotion of new energy vehicles

Improving infrastructure construction and promoting cooperation between industry, university, and research institute. The gov-
ernment should recruit high-quality talents in urban space planning so as to establish a network of charging points and car service points
across the city, with the goal of providing complete infrastructure services for new energy vehicles. In addition, the establishment of a
joint research and development system involving the government, research institutes, and enterprises can improve the efficiency of new
energy vehicle technology innovation and industrial development. Therefore, the government should reasonably guide the formation of
an industry-university-research cooperation research and development system. Strengthening the cooperation between university
research and enterprise production so as to develop new energy vehicle products, is comfortable, environmentally friendly, and energy
saving, and meets the consumers’ expectations.

Improving people’s environmental awareness and enhancing target customers’ loyalty. Research shows that women are more
supportive and fond of new energy vehicles, and women’s opinions play a significant role when a family considers buying a car.
Therefore, it is necessary to add elements that appeal to female consumers in advertising and car designing. In terms of education, the
respondents with high education backgrounds have a higher purchase willingness, which can be a good breakthrough. Based on the
survey results that residents will be more willing to buy new energy vehicles when they are farther from the city center, we recommend
companies pay attention to regional differences and increase the number of sales points in suburban areas. Moreover, increasing in-
vestment in suburban infrastructure and service points to provide more convenient conditions for suburban new energy vehicle users is
also suggested.

Attaching importance to the quality of after-sales service and innovating technologies to reduce car prices. On the basis of the after-
sales service system of traditional energy vehicles, we recommend establishing and improving the after-sales service system to provide
timely and convenient service for repair, maintenance, and credit of new energy vehicle. We further suggest actively understanding the
government’s support policies, applying for funds to increase investment (Hu, 2018), and building charging points. In addition,
fundamentally reducing the price of car purchases also needs to break through technical bottlenecks.
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5. Conclusions

Our results indicate that although most residents point out that they would consider buying new energy vehicles in the future, their
understanding of new energy vehicles is generally insufficient, which may lead to a decline in their trust in new energy vehicles, thus
affecting their ultimate purchase decision. In addition, there are no prior studies on the spatial distribution of the purchase willingness of
new energy vehicles. Our study found that the residents’ purchase willingness may have certain aggregation characteristics, i.e., the
further away from the city center, the higher the purchase willingness. Therefore, the regularity of the residents’ purchase willingness in
the spatial distribution can be regarded as one of the focuses of the research on the promotion strategy of new energy vehicles. As one of
the earliest new energy vehicle purchase willingness studies in China, our research provides an important information for the promotion
of new energy vehicles. However, there are still some limitations in the research due to the large research scope, strong subjective
factors, and the narrow way of data collection. Our future study will be improved from the following aspects: combination of envi-
ronmental background and industrial development direction based on the concept of sustainable development, and in-depth analysis of
the economic, social, and ecological values of new energy vehicle promotion. Future research can also strengthen data persuasiveness
through big data and official statistics of relevant departments.
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Appendix

Appendix A. Unordered variable description

Category Factor Variable Variable assignment  Assignment meaning
Social environment Social network Television news 0,1 0, Not choose; 1, Choose
Social communication 0,1 0, Not choose; 1, Choose
Internet 0,1 0, Not choose; 1, Choose
Adverts 0,1 0, Not choose; 1, Choose
Government subsidies Financial subsidy 0,1 0, Not choose; 1, Choose
Free parking fees 0,1 0, Not choose; 1, Choose
Purchase tax exempt 0,1 0, Not choose; 1, Choose
Free number 0,1 0, Not choose; 1, Choose
Hands-free 0,1 0, Not choose; 1, Choose
Individual subjective cognition Car purchase motivation Curiosity about new things 0,1 0, Not choose; 1, Choose
Out of low-carbon environmental protection 0,1 0, Not choose; 1, Choose
In line with future trends 0,1 0, Not choose; 1, Choose
Product itself Car performance Safety 0,1 0, Not choose; 1, Choose
Recharge mileage 0,1 0, Not choose; 1, Choose
Charging time 0,1 0, Not choose; 1, Choose
Accelerate performance 0,1 0, Not choose; 1, Choose

Appendix B. Ordinal variable description

Category Variable Variable Assignment meaning
assignment
Individual objective Gender 0,1 0, Female; 1, Male
attributes Age 1-5 1, 18-20; 2, 21-28; 3, 29-40; 4, 41-65; 5, >66
Education 1-4 1, Primary school or less; 2, Middle school; 3, Bachelor degree; 4, Master degree and
above
Habitation 1-3 1, Downtown; 2, Peri-urban areas; 3, Outskirts
Monthly income 1-4 1, Under 2000 CNY; 2, 2000-5000 CNY; 3, 5000-10,000 CNY; 4, More than 10,000
CNY
1-4 1, Rarely; 2, Occasionally; 3, Often; 4, Always

(continued on next page)

20



X. Tian, Q. Zhang, Y. Chi et al. Regional Sustainability 2 (2021) 12-22

(continued)
Category Variable Variable Assignment meaning
assignment
Individual subjective Environmental
cognition awareness

Degree of 1-3 1, Don’t understand; 2, Ordinary; 3, Understand
understanding

Product itself New energy vehicle 1-5 1, Below 50,000 CNY; 2, 50,000-100,000 CNY; 3, 100,000-200,000 CNY; 4,
prices 200,000-400,000 CNY; 5, Over 400,000 CNY
After sales service 1-3 1, Good; 2, Ordinary; 3, Bad
Number of car types 1-3 1, Varieties; 2, Ordinary; 3, Few ordinary

Social environment Infrastructure 1-3 1, Sound; 2, Ordinary; 3, Not sound
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