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Abstract

The development of new energy automobiles has become the consensus of all
countries in the world. With China’s oil dependence on foreign countries
gradually entering the warning line, the oil consumption of the automobile
industry has reached more than 1/3 of the total consumption. So, developing
new energy automobiles is an important measure to alleviate the national oil
shortage and reduce the dependence on foreign oil. Using the multi-attribute
attitude model of consumer behavior, this paper compares the new energy
automobiles with the traditional vehicles, and constructs a comprehensive
evaluation model of consumers’ attitude towards automobile consumption.
The research shows that: in cities with high economic development level,
consumers’ preference for vehicle license plate will promote their choice to
buy new energy automobiles; and in cities with general economic develop-
ment, consumers’ preference for new energy automobiles is mainly because
of a lower price. Based on this, we then put forward some countermeasures
and suggestions, such as innovating the marketing mode of new energy au-
tomobile development, improving the core technology of new energy auto-
mobile and government investment.
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1. Research Background

At present, China is stepping into the new normal of economy. As a big country

of automobile industry, with the gradual slowdown of automobile production
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and sales in recent years, China’s automobile industry is also facing transforma-
tion and upgrading. Energy saving and new energy automobile project has been
one of the top ten key development areas of “made in China 2025, and the na-
tional energy saving policies and regulations are inclined to new energy automo-
biles. With the continuous development of social technology and the enhance-
ment of people’s awareness of environmental protection, new energy automo-
biles characterized by energy conservation and environmental protection gradu-
ally enter the public’s vision. No matter the government departments, automo-
bile manufacturers or relevant academic departments, they are all very suppor-
tive of the sales and use of new energy automobiles, but the market situation is
not up to expectations. In the critical period of China’s economic transforma-
tion, how to break through the development barriers of market promotion and
realize “Innovation driven development strategy” has become a major problem
for the development of new energy automobiles. In recent years, with the further
development of society, the new energy automobile industry has gradually at-
tracted the attention of researchers, and more and more related research results
appear. However, most of the researches concern national policies and corres-
ponding technology innovation, with relatively little attention paid to the con-
sumer market. Consumers are the main body of the market, and their attitudes
and tendencies affect the development direction and the trend of the new energy
automobile market. Therefore, from the perspective of consumers, it is of great
significance for the future development of new energy automobiles to explore

the factors that affect consumers’ purchasing decisions.

2. Literature Review

The multi-attribute attitude model originated from the field of consumer beha-
vior, which was proposed by Fishbein in 1963, also known as the Fishbein mod-
el. This model originated in the United States and has been used to explain the
purchase behavior of a wide range of products. The model shows that human’s
explicit behavior cannot be separated from individual intention, which is directly
driven by consumer emotion (attitude). Without emotion, there will be no con-
sumption behavior. In recent years, this model has been used in the research of
consumption behavior in various fields. Jasuli uses the multi-attribute attitude
model to study the students’ attitude towards e-learning, and determines the
leading attribute of students’ use of online learning, and obtains the result of
students’ attitude towards online learning is positive [1]. Chong & Yukyeong
uses Fishbein model to measure the attitude of coffee companies to VMD, inves-
tigate the relationship between consumers’ attitude to brand and purchase inten-
tion, and make suggestions for the company’s marketing strategy [2]. Chen Gu-
ogiang uses the multi-attribute attitude model to calculate the attitude of College
Students’ Sunshine Physical exercise, which provides reference for improving
the overall physical quality of college students [3]. Wassenaar et a/ determined

1096 consumers and 310 non consumers’ attitudes towards game meat through
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online survey. The results showed that: when deciding to eat game meat, usabil-
ity, sensory characteristics, ethics of game meat production and health benefits
were considered important [4]. Maryani takes Makasa social traditional health
center and Kolomadukarangal public health center as examples to analyze con-
sumers’ attitudes towards the attributes of scientific herbs [5]. Chen Rongzhang
used the multi-attribute attitude model to make a comprehensive evaluation of
the consumers’ attitude towards the second-hand car dealers [6]. This paper will
use multi-attribute attitude model to measure consumers’ purchase intention of

new energy automobiles.

3. Development of New Energy Automobile Industry

3.1. Overview of New Energy Automobiles

China’s new energy automobiles mainly include three categories: Blade Electric
Vehicles (BEV), Hybrid Electric Vehicles (HEV) and Fuel Cell Electric Vehicles
(FCEV). Due to immature technology and limited conditions, fuel cell vehicles
are not fully promoted in China (Table 1).

According to the development plan for “energy saving and new energy auto-
mobile industry (2012-2020)” formulated by the State Council, “by 2020, the
production capacity of blade electric vehicles and plug-in hybrid electric vehicles
will reach 2 million, and the cumulative production and sales volume will exceed
5 million. The fuel cell vehicles and hydrogen energy industry will develop syn-
chronously with the international industry.” At present, blade electric vehicles
and plug-in hybrid electric vehicles are comprehensively promoted in cities with
more developed economy in China. Through the national and local ener-
gy-saving subsidy policies, the purchase cost of new energy automobiles is re-
duced; and in cities with limited purchase of vehicles, the restriction of purchase
of new energy automobiles are liberalized to attract more buyers and promote

the sales.

3.2. Production and Sales of New Energy Automobiles

With the support of national policies, the production and sales of new energy
automobiles are increasing year by year. Since 2005, the production and sales of
new energy automobiles in China have shown an obvious upward trend, with an
average annual growth rate of more than 30% [7], indicating a broad prospect in
promoting the use of them. From 2013 to 2018, China’s new energy automobile
industry shows a benign development trend, as shown in Figure 1. However, the
new energy automobile market is still in the initial stage of development. Com-
pared with foreign market, there is still a big gap in its development. In 2013
alone, the sales volume of new energy automobiles in the United States reached
96,000, while Tesla alone sold 18,700, which was more than the total volume of
new energy automobiles in China. In 2018, with the rapid development of new
energy vehicles, the US automobile market delivered 360,800 vehicles in the whole

year, which has reached an 81% growth rate; among them, Tesla has been
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Table 1. Introduction of three categories of new energy automobiles.

Categories Introduction Advantages Disadvantages
It is a kind of vehicle
which uses a single The energy stored in
battery as the power the unit weight of
source of energy storage. the battery is too
2 & The technology is . v
It uses the battery as the X . little, and the battery
¢ relatively simple and  the electric vehicl
ower source of ener: of the electric vehicle
BEV p . 8y mature, and can be ) .
storage, provides the is more expensive
> charged wherever there
electric energy to the . I and has not formed
is power su .
motor through the P PPYY an economic scale,
battery, drives the motor so the purchase price
to run, thus promotes is expensive.
the vehicle to run.
It is a vehicle whose
. K 1) The engine is relatively
driving system is . .
small (down size), and it
composed of two or more .
inele drivi " works under the optimal
single driving systems
g 8 Y condition of low fuel The system structure
which can run at the . . K
. . consumption and less is relatively complex;
same time. The driving K .
. pollution. the fuel saving effect
HEV power of the vehicle is .
. . 2) In the downtown area, of long-distance and
provided by a single K . . .
. the internal combustion high-speed driving is
driving system or . .
. . engine can be shut down not obvious.
multiple driving .
; and driven by the battery
systems according to U e N
. alone to achieve “zero
the actual driving state e
emission.
of the vehicle.
It is a kind of vehicle
driven by the main power 1) Zero emission or nearly
source, which uses the zero emission.
electric energy generated 2) Reduce water pollution
by the electrochemical caused by oil leakage.
reaction in the fuel cell 3) Reduce the emission of
. Fuel cells are
under the action of greenhouse gases. ive. but al
expensive, but also
FCEV hydrogen and oxygen in 4) The conversion P

the air under the catalyst.
Fuel cell electric vehicle is
essentially a kind of pure
electric vehicles, the main
difference is that the
working principle of
power battery is different.

efficiency of fuel cell is
high (about 60%), and the
fuel economy of the whole
vehicle is good.

5) Stable operation
without noise.

expensive to use
(hydrogen).

the largest contributor to the growth of the sales since its mass production, and
accounting for half of the US electric vehicle market. China still has a long way to

go to realize the mission of “overtaking on the curve” in the automobile industry.

3.3. Current Development Problems of New Energy Automobiles

As a long-term independent vehicle enterprise with “one leader” in the domestic
new energy market, BYD’s performance in the first quarter of 2018 surprised the
market. Data shows that in the first quarter of 2018, BYD’s net profit was 102
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Figure 1. Production and sales of new energy automobiles in China in 2013-2019. Data
sources: China Association of Automobile Manufacturers (CAAM) [8]. Note: The above
new energy automobiles mainly include Blade Electric Vehicles (BEV), Hybrid Electric
Vehicles (HEV) and Fuel Cell Electric Vehicles (FCEV).

million yuan', which is 83.09% lower than the same period last year. The bigger
problem is that the government subsidy received in the first quarter is up to 640
million yuan. If the subsidy is lost, BYD may have a big loss. BYD’s market value
has been greatly reduced due to poor performance, with the highest decline of
nearly 70 billion in the past five months. Not only did BYD fall, but other car
companies with new energy automobile business also experienced different de-
grees of underground sliding. In the first quarter of 2018, the net profit of Yu-
tong Bus dropped 67.4% year on year, that of Zhongtong bus dropped 97% year
on year, that of Ankai bus dropped 252.39% year on year, and that of Jianghuai
auto dropped 181.7% year on year®.

The main reason for the collective decline of new energy automobile enter-
prises is the decline of new energy automobile subsidies. According to the “no-
tice on adjusting and improving the financial subsidy policy for the promotion
and application of new energy vehicles” issued by the Ministry of finance of the
People’s Republic of China in February 2018 [9]: From 2018, the subsidy fund
for the local purchase of new energy automobiles has been gradually converted
into supporting the construction and operation of charging infrastructure, the
use and operation of new energy automobiles and other links. In 2018, the sub-
sidy intensity of the new deal will be further reduced. According to the different
endurance mileage of automobiles, the number of changes will be different (see
Table 2 for details).

It can be seen from the table that the subsidy in 2018 has three changes com-
pared with that in 2017: 1) The subsidy for low endurance mileage models is re-
duced. 2) The subsidy for models with an endurance of less than 300 km is re-

duced. 3) The subsidy for models with an endurance of more than 300 km is

!Statement of Profit or loss of BYD Co., Ltd. in the first quarter of 2018.
Data sources: Prospective industry research institute (https://www.qianzhan.com).
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Table 2. Comparison of new and old subsidies for new energy automobiles.

Government subsidy

Endurance Mileage Government subsidy in 2018

in 2017
100 - 150 km ¥20,000 0
150 - 200 km ¥15,000
¥36,000
200 - 250 km ¥24,000
250 - 300 km ¥34,000
300 - 400 km ¥44,000 ¥45,000
Over 400 km ¥50,000
Plug in hybrid vehicles > 50 km ¥24,000 ¥22,000

Subsidy amount of single vehicle = mileage subsidy standard x adjustment coefficient of energy density
of battery system x adjustment coefficient of vehicle energy consumption.

increased. The reduction of government subsidies has led to a sharp decline in
the profitability of enterprises, which has also led to a decline in market share. At
the same time, the withdrawal of government subsidies makes the problems in
the development of new energy automobiles emerge one by one, which is the ul-
timate reason for the decline of market share.

In addition, China’s new energy R&D started relatively late, the progress is
behind the developed countries, and there is a lack of technology. The technical
problems are mainly reflected in three aspects: first, the core technology needs to
be improved; second, the investment in technology is insufficient; third, the lack
of new energy technology talents.

1) Inadequate R&D in core technology. Taking the power battery technol-
ogy as an example, compared with Japan, South Korea and the United States,
there is a certain gap in the energy density, cycle life, group reliability and ther-
mal management of domestic power batteries. Core technologies such as high
specific energy power batteries are still the main bottleneck restricting the de-
velopment of new energy automobiles in China, and the main products are
mostly depend on foreign technology. There is a large industry risk due to the
lack of independent and controllable power battery industry chain.

2) Inadequate capital investment. The development of new energy automo-
bile industry requires a lot of basic investment, such as vehicle maintenance
network, battery research and charging network. At this stage, the new energy
automobile enterprises are far from enough to invest in technology, but simply
expand production capacity, and the phenomenon of low-level repeated con-
struction is intensified.

3) Lack of technical talents. As a new technology industry, it has not culti-
vated talents in many aspects, such as talents needed for key parts of the ma-
chine, talents for research and development of new materials, and people to en-
sure basic knowledge construction.

4) Backward infrastructure. At present, the construction of charging facili-
ties cannot meet the goal of coordinated development of vehicle piles. Since
2016, China’s new energy automobile charging infrastructure has made rapid
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development. According to the statistics of China electric vehicle charging infra-
structure promotion alliance, the total number of public charging infrastructure
(reported by member units of the alliance) in 2017 was 213,900. However, com-
pared with the market demand of new energy automobiles, by the end of 2017,
the number of new energy automobiles in China had reached 1.729 million. It
can be seen that the current charging infrastructure still has problems such as
insufficient number of charging piles, unreasonable layout and inadequate
maintenance, which has become the bottleneck of the development of new

energy automobile industry.

4. New Energy Automobile Evaluation Model Construction
and Research Design

So, with the rapid development of new energy automobiles, are consumers’ atti-
tudes and purchase intentions affected by their own characteristics or market
environment? In the following, we will use the multi-attribute attitude model of
consumer behavior to comprehensively evaluate the attitude of automobile con-

sumers based on consumers’ experience of traditional automobiles.

4.1. Variable Setting of the Model

The model in this paper assumes that the attitude of consumers towards the at-
titude object (ie. the new energy automobile discussed in this paper) depends on
their evaluation of multiple attributes of the object. The multi-attribute attitude
model derives a method to measure the overall attitude of consumers by obtain-
ing specific beliefs and integrating them, which is used to predict the attitude of
consumers towards the object. The three variables of the model are:

1) Attributes: are the characteristics of attitude objects. Researchers identify
the attributes which most consumers consider when evaluating attitude objects.

2) Beliefs: are the cognition of specific attitude objects (usually related to oth-
er attitude objects). Belief measurement is to evaluate the degree to which con-
sumers’ perceived objects have certain attributes.

3) Importance weights: reflect the relative importance of an attribute to con-
sumers. Although people think that attitude objects have many attributes, some
of them are more important than others, so they are given more weight.

Based on these three factors, we can calculate the overall evaluation of the

transaction subject. The formula is as follows:
4, = ZVVIX ib
1

In the formula, 4, is the attitude of the consumer towards a certain type of car

b. W, gives the weight of attribute “/” to the consumer. X, is the attribute of

i

«_»

the consumer towards brand b, and “n” is the number of attributes considered.

4.2. Research Design

New energy automobiles are new products, their future development and market
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promotion cannot be separated from the government’s policy support, and con-
sumers will also consider the government’s policy tendency when purchasing
new energy automobiles. Many scholars also pointed out that consumers’ green
consumption is affected by external intervention factors, among which govern-
ment policy is a very important factor affecting consumers’ green low-carbon
consumption behavior. Based on this, this paper uses the method of question-
naire survey to send questionnaires to potential car buyers in different industries
and age groups.

1) The design principle of questionnaire

The questionnaire design follows the principles of systematization, scientifici-
ty and convenience, and divides the content into four parts: The first part is the
attitude of the respondents to the government, the environment and the use of
their vehicles. The second part is the attitude and understanding of respondents
to new energy automobiles, as well as compared with traditional vehicles. The
third part is the factors that influence the respondents to buy new energy auto-
mobiles. The fourth part is the basic information of interviewees.

In the investigation of new energy vehicle purchase attitude, Likert scale 7 is
used to quantify the attitude of new energy automobiles. These figures only
represent the differences in attitude levels. For the convenience of statistics and
comparison, they have no absolute difference in value and no significance of
fixed value. In terms of investigating consumers’ opinions on relevant issues,
taking the questions of environmental module as an example, the questionnaire
has designed four options: “Environmental issues are closely related to me”, “I
am worried about global warming”, “Renewable energy should be actively ex-
plored” and “I know a lot about environmental issues”. The respondents are
asked to assign values from 1 to 7, among which, “1” represents unimportant,
“7” represents very important.

2) Reliability and Validity

In the survey, Shanghai and Wuxi are selected as the representative cities with
more developed economy, and Zhengzhou and Kaifeng are selected as the rep-
resentative cities with less developed economy. A total of 320 questionnaires
were distributed to consumers in Shanghai global port business district, Wuxi
Vientiane City Business District, Zhengzhou Erqi square business district and
Kaifeng Gulou business district, 312 of which were actually recovered, 303 of
which were valid and the effective rate was 94.7%. There were 196 males and 107
females, 72 in Shanghai, 77 in Wuxi, 75 in Zhengzhou and 79 in Kaifeng.

Then we use Excel and spss22.0 to deal with the collected effective data. The
Cronbach’s alpha is 0.785, which shows the reliability is within the acceptable
range. Kmo value is 0.738, which is more than 0.5, Bartlett test result p value is
less than 0.05, the validity of the questionnaire passed the test. There was no sig-
nificant difference in the score test results of men and women (P > 0.05), also no
significant difference in the test results of economically developed cities and less
developed cities (P > 0.05). And there was no significant difference in the pur-

chase attitude level of new energy automobiles between economically developed
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cities and less developed cities.

5. Research Results

5.1. Determination of Variables of Evaluation Model

After analysis, we found that when consumers buy new energy automobiles, they
mainly consider five factors: price, performance, license plate preference, envi-
ronmental impact, government participation and after-sales service.

Based on the results of the questionnaire survey, the following assignments are
given to attribute “/” of the multi-attribute attitude model and the weight W,
assigned to each attribute, as shown in Table 3.

According to statistics, combined with the semantic difference scale, consum-

ers’ beliefs about each attribute are shown in Table 4.

5.2. Evaluation Result

The result is shown in Table 5. It can be seen that consumers are more satisfied
with the price of new energy automobiles, license concessions, environmental
protection and government support. For the preferential policies of license
plates, in the cities with higher level of economy, take Shanghai as an example,
according to statistics, about 75% of consumers choose to buy new energy au-
tomobiles for a Shanghai license plate, while in the cities with general level of
economy, people are more sensitive to the price of new energy automobiles.
Consumers’ evaluation of vehicle performance and after-sales service is not
much different from that of traditional vehicles. So although many countries have

long realized that new energy automobiles should be used to replace traditional

Table 3. Attributes and weight of consumer evaluation.

Attributes “7” w;
Vehicle price competitiveness 3
Vehicle battery performance 6
License plate acquisition 5
“Low energy consumption” and “low emission” 4
Government purchase subsidy, tax preference 5
After sales service satisfaction 3

Table 4. Consumer’s belief value in automobile.

“r X, X,. (Traditional)

Vehicle price competitiveness 5 4
Vehicle battery performance 6 5
The difficulty of license plate acquisition 6 2
“Low energy consumption” and “low emission” 5 4
Government purchase subsidy, tax preference 5 3
After sales service satisfaction 3 4
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Table 5. Evaluation result.

“« W X, 4, X, 4,

Vehicle price competitiveness 3 5 15 4 12

Vehicle battery performance 6 6 36 5 30

The difficulty of license plate acquisition 5 6 30 2 10
“Low energy consumption” and “low emission” 4 5 20 4 16
Government purchase subsidy, tax preference 5 5 25 3 15
After sales service satisfaction 3 3 9 4 12

Total score - - 135 - 95

vehicles in order to reduce energy consumption and environmental pollution,
new energy automobiles are still new things for the majority of consumers, and
it is difficult to improve the market share of new energy automobiles. From the
perspective of this questionnaire survey, the country started late on new energy
automobiles, but consumers’ attention and enthusiasm are very high, which is
the advantage of developing them. However, due to the lack of consumer
awareness of them and their technical doubts, the development of new energy

automobiles has great resistance.

6. Suggestions for New Energy Automobile Enterprises

From this questionnaire survey, it can be seen that consumers’ awareness of en-
vironmental protection has been gradually strengthened, their support and ex-
pectation for the development of new energy automobiles are higher. Consum-
ers have a higher acceptance of energy-saving and emission reduction of new
energy automobiles psychologically. And the development prospect of them is
broad. Combined with consumer attitudes and current market conditions, this
paper puts forward the following suggestions for new energy automobile enter-

prises.

6.1. Innovate the Marketing Mode of New Energy Automobiles

1) While making efforts to strengthen technology research and development,
enterprises should improve the publicity methods of new energy automobiles. In
this way, the concept of new energy automobiles can penetrate into consumers’
life. In addition to emphasizing the value of energy conservation and environ-
mental protection of new energy automobiles, enterprises should also highlight
the safety and quality functions of new energy automobiles, so as to strengthen
consumers’ awareness and positive attitude towards them.

2) Strengthen and innovate the brand management of new energy automo-
biles: In the development planning, enterprises should include the establishment
of enterprise brand into the strategic deployment, vigorously develop their own
brand, accumulate brand reputation, use various ways to increase market pub-

licity, strive to improve brand awareness, and lay a good reputation foundation
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for the development of new energy automobiles.

3) Innovate the combination marketing mode and sales channel, and draw on
the successful promotion experience of domestic and foreign automobile enter-
prises when necessary. New energy automobiles are still new things, so the new
and strange marketing methods may bring unexpected effects to the market

promotion of new energy automobiles.

6.2. Improve Core Technology and Capital Investment of New
Energy Automobiles

1) The drive system of new energy automobiles can effectively meet the re-
quirements of power performance. At present, the most important thing to pay
attention to is the improvement of power density, dynamic response ability, sys-
tem efficiency, reliability and other performance of motor and control system.
The key technologies include dynamic coupling multi motor drive control, vi-
bration control of complex constraint optimization target system, improve-
ment of motor efficient thermal management technology, and the level of
high-temperature automotive electronic materials and equipment.

2) Improving the performance of charging facilities is one of the key points in
the development of new energy automobiles. It is necessary to work hard in the
aspects of high safety and high power to deal with the consistency of charging
interface.

3) A large number of lightweight technologies are used in new energy vehicles,
including the application of high-strength steel, magnesium aluminum alloy,
high-strength carbon fiber and engineering plastics. Lightweight design and
manufacturing technology have also made great progress. This technology will

be widely used in the future, and it is worth promoting and researching.

7. Limitations of Research

In this paper, we use the multi-attribute attitude model (Fisher bin model) to
compare the new energy automobiles with the traditional automobiles, measure
the consumers’ consumption attitude towards the new energy automobiles, pre-
liminarily analyze the key factors that the buyers in different cities focus on the
choice of them, and put forward improvement suggestions for the automobile
industry. In future research, we should further overcome the shortcomings of
this study.

First of all, this study takes Chinese consumers as samples, and uses two rep-
resentative cities, Shanghai and Wuxi, in the choice of developed cities. The later
research can further expand the coverage of the questionnaire, and the same for
the less developed cities. Secondly, in future research, the international compar-
ison of new energy automobile production and sales volume can be further car-
ried out to explore the establishment of international coordination system of
new energy automobiles. Thirdly, based on China, under the environment of

government intervention in economic system, the universality of some discus-
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sions on bottleneck factors of automobile development needs to be improved.
Future research can further study the development differences of new energy in-

terventions under different economic systems.
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