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Abstract: The rapid increasing number of automobile products has brought great convenience to
people’s living, but it has also caused serious environmental issues, waste of resources and energy
shortage during its whole lifecycle. Corporate Environmental Responsibility (CER) refers to the
company’s responsibility to avoid damage to the natural environment derived from its corporate
social responsibility (CSR), and it plays an important role in solving resource and environmental
problems. However, due to various internal and external reasons, it is difficult for the automobile
manufacturing industry to find the key drivers for the implementation of CER. This research proposes
a model framework that uses the fuzzy decision-making test and evaluation laboratory (fuzzy
DEMATEL) method to analyze the drivers of CER from the perspective of the triple bottom line
(TBL) of economy, environment and society. Firstly, the common drivers of CER are collected using
literature review and questionnaire survey methods. Secondly, the key drivers are analyzed by using
the fuzzy DEMATEL. Finally, the proposed approach was verified through a case study. The research
results show that some effective measures to implement CER can be provided for the government, the
automobile manufacturing industry and the public to promote sustainable development of Chinese
Auto Manufacturing Industry (CAMI).

Keywords: Chinese automobile manufacturing industry; corporate environmental responsibility;
fuzzy DEMATEL; triple bottom line; sustainable development; green manufacturing

1. Introduction

According to relevant survey reports, the number of Chinese new automobiles almost
exceeded 25.76 million, and the amount of Chinese vehicle ownership reached more than
260 million up to 2019. The rapid growth of the number of automobiles has brought a
series of environmental issues. In the process of automobile production, use, recycling
and disposal, air, soil, water, etc., will be polluted to a certain extent, resulting in waste of
resources and energy shortage [1]. These environmental issues have aroused widespread
concern from the government, enterprises and scholars. While the Chinese government
is strengthening environmental supervision of the automotive industry, the extension of
the production responsibility and Corporate Environmental Responsibility (CER) have
become hot topics of concern to many automotive industry units. Therefore, many Chinese
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auto companies are aware of the importance of sustainable development, and have imple-
mented some sustainable development strategies, such as CER, remanufacturing, green
manufacturing and cleaner production [2-6].

In fact, due to various reasons, it is difficult for them to effectively implement sus-
tainable development strategies, especially CER. The main reason is that some automobile
companies are worried that the implementation of CER may affect their financial interests,
so they are unwilling to implement CER. In addition, some companies voluntarily imple-
ment CER, but they do not know what measures should be taken. Therefore, by analyzing
the drivers of CER, the fundamental reason why enterprises cannot effectively implement
CER can be found, thereby promoting the change of development strategy of Chinese Auto
Manufacturing Industry (CAMI) and achieving coordinated development of economic and
environmental benefits.

At present, some studies focus on the combination of CER and sustainable practices,
such as integrating CER into the supply chain, and the combination of sustainable de-
velopment and CER. As many automobile companies pay more attention to economic
interests, compared with well-known foreign automobile companies, the efficiency of CER
implementation by Chinese automobile manufacturers is relatively low. So far, only a
few studies have focused on the drivers of CER for Chinese automobile manufacturers
and revealed the internal connection between the corporate environmental responsibility
and the corporate economic benefits. The “Triple Bottom Line” was proposed by John
Elkington [7], a well-known British management consultant and sustainability expert, and
used it to measure his company’s performance in the United States. Triple Bottom Line
(TBL) theory believes that there should be three bottom lines: profit, people and the earth.
TBL aims to assess the level of corporate commitment to social responsibility and its impact
on the environment over time. Additionally, CER is concerned about the impact of the
development of the enterprise on the environment. There is a close relationship between
TBL and CER. The influencing factors of enterprises implementing CER can be analyzed
from the perspective of TBL. The purpose of both is to achieve a balanced development
of economic and environmental benefits. Therefore, this study attempts to identify and
analyze the CER drivers of Chinese automakers from the perspective of TBL to bridge the
gap. In this study, first, based on a comprehensive analysis of the existing literature, expert
opinions and the opinions of Chinese auto industry managers, common drivers were
identified. Second, we sent questionnaires to some automobile companies. Third, based
on the results of the questionnaire survey, a quantitative and the fuzzy decision-making
test and evaluation laboratory (fuzzy DEMATEL) analysis was used to determine the key
drivers and classifications.

The rest of this paper is arranged as follows: Section 2 reports a literature review
related to the research topic and proposes the main innovations of this paper based on
comparative analysis. Section 3 describes the problem. Section 4 introduces the method
used in this research, namely fuzzy DEMATEL, and proposes a model framework for
analyzing the CER drivers of the Chinese automobile industry. Section 5 verifies the
proposed model through case studies. Section 6 discusses in detail. Finally, Section 7 gives
conclusions and future work.

2. Literature Review
2.1. Corporate Environmental Responsibility and Triple Bottom Line

CER, called corporate environmental responsibility, refers to a company’s duties to
abstain from damaging natural environments, which derives from corporate social re-
sponsibility (CSR) [8]. In recent years, CER has become an important concept and has
received extensive attention from relevant researchers. This is because the implemen-
tation of CER can enhance the sustainable development ability of enterprises, improve
the natural environment, and solve various social and ecological problems such as cli-
mate change and biodiversity loss [9,10]. Gunningham [11] described the development
of the concept of CER and studied the debate about the relationship between CER and
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competitive advantage. On the basis of Carroll’s CSR pyramid model, Wang Hong [12]
explored the system characteristics of CER and sorted out its elements, structure and
functions. Studies have shown that the implementation of CER can promote the green and
sustainable development of manufacturing to a certain extent [13], and the improvement
of the company’s market competitiveness and profitability can be tracked through the
implementation of environmental management activities [14]. The results of the study were
verified by listed company A [15,16], which showed that the performance of corporate
environmental responsibility (CER) by company A has a significant positive impact on the
company’s financial performance, but it has a lag effect, and higher environmental invest-
ment can bring higher profitability. Furthermore, many firms are discovering that there is
an advantage to advocating for environmental regulations and preparing for them to be
implemented before they become law. In a recent study, the researcher found that firms
support climate change legislation as a means of gaining power over their competitors.
Essentially, even if a new regulation hurts a firm in the short term, the firm may embrace it
because they know that it will hurt their competitors even more. This allows them to come
out on top in the long run [17].

The TBL proposed by Elkington [7] is an accounting framework that includes three
aspects: economic (profit), social (people), and environmental (planet). It is used by many
researchers to solve various problems [18,19]. The TBL considers profit using traditional
measures for evaluating company profits, evaluating the company’s environmental re-
sponsibility, evaluating the company’s sustainability pillars [20,21], and citizens’ concerns
about corporate social responsibility as indicated by the company’s operations [22,23].
Ahi and Searcy [24] claim that sustainability is the ability to maintain long-term welfare
responsibly, manage resources so that the company can meet current needs without com-
promising the ability of future generations to meet their own needs. The TBL has been
widely applied in many domains to promote sustainable development that also provides
a co-benefit. Wu et al. [25] suggested that firms should consider stakeholders, resilience,
long-term goals and current operations when evaluating sustainability strategies. Previous
research also emphasized that TBL is not sufficient to achieve complete sustainability, and
we must take greater steps to discuss socioeconomics, social environment and ecological
efficiency [26,27]. Moreover, several studies noted that relations, resource consumption
and policies must be integrated with sustainable practices to ensure the cobenefit [28].

Many scholars have conducted case studies from the perspective of TBL. Bergen-
wall [29] studied the differences in process design between American automakers and
Toyota on the three aspects of sustainability. Gimenez [30] studied the impact of TBL
on sustainable management. They proposed that the internal environmental plan has
a positive impact on the three components of TBL, while internal social activities only
have a positive impact on the two components of social and environmental performance.
Neri et al. [31] designed a triple bottom line balanced key performance indicator set to
measure the sustainability performance of industrial supply chains. Agrawal et al. [32]
discussed the deployment decisions of sustainable reverse logistics in the Indian electron-
ics industry, and studied the impact of disposal decisions on TBL, that is, the economic,
environmental and social performance of reverse logistics. Hussain et al. [33] studied the re-
lationship between corporate governance and triple bottom line sustainability performance
through the perspectives of agency theory and stakeholder theory.

2.2. Drivers of CER in the Automotive Industry

The rapid growth of automobile ownership has caused a series of problems, such
as climate change, emissions, pollution, etc. [34]. For CAMI, the factors that promote the
effective implementation of CER through some sustainable development practices (such as
CER, green manufacturing, sustainable supply chain management, manufacturer extension
responsibility, life cycle analysis, and environmental certification, etc.) are called drivers.
Therefore, many researchers have paid attention to the CER problem and conducted some
extended studies.
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Some studies discuss the relationship and importance of TBL principles and strategic
decisions from the perspective of sustainable supply chains in the automotive industry. The
successful implementation of sustainable supply chains can promote the implementation
of CER [35-37]. Other studies illustrate the important indicators of CER implementation
from the perspective of the green evaluation system of the automobile manufacturing
industry [38]. There are also some studies that mainly elaborated the relationship between
the implementation of CER and legislation from the aspect of government legislation.
Studies have shown that government legislation is the most critical driver for the imple-
mentation of CER [39,40]. There are also other explorations of the relationship between
energy certification, changes in corporate management strategies and the implementation
of CER, including Cai et al. [41], which explored energy performance certification in the
machinery manufacturing industry, and provided information for the implementation
of energy performance certification strategies. The theoretical foundation is thus pro-
moted to promote the active implementation of CER by automakers. Nunes [42] focuses
on investigating and benchmarking the green operating plans of the automotive indus-
try as documented in the environmental reports of selected companies. Research by Yu
Cheng et al. [43] shows that Chinese automakers still have much room for improvement in
terms of consumer satisfaction, resource conservation, community services and low-carbon
activities. Kehbila et al. [40] systematically analyzed the motivations, obstacles and ben-
efits of South African automobile companies participating in environmental change and
provided some suggestions that may promote the effective implementation of strategic
corporate environmental management. The research results show that achieving consistent
compliance, reducing the daily impact on the environment, improving the working and
living conditions of employees, and improving image and reputation are the most impor-
tant driving forces. Babiak and Trendafilova [44] studied the motivations and pressures
reported by senior managers to adopt sustainable practices in the industry. The research
results show that strategic motivation and institutional pressure are the main reasons for
adopting environmental management measures. Lee et al. [45] studied the driving forces
for the implementation of CER and green practices in the Korean logistics industry, and
pointed out that social expectations, organizational support and stakeholder pressure are
important driving forces for the implementation of CER and green practices. Goli et al. [46]
explained that corporate environmental responsibility (CER) involves key solutions for the
success of corporate innovation.

By reviewing the existing literature, we know that domestic and foreign scholars
have conducted CER research from different aspects. Based on the TBL method, some
studies have been conducted on the sustainable development of the automotive industry,
but mainly focus on the TBL analysis of the automotive industry supply chain order
optimization, supply chain management or supplier sustainability. However, there are few
studies on the implementation of CER in CAMI. From the perspective of TBL, there are
fewer drivers for CER in automobile companies. This has led to companies not paying
attention to the implementation of CER, and the effect of CER implementation is poor
and difficult.

Therefore, this paper aims to analyze the key drivers of CAMI’s implementation of
CER from the perspective of TBL, and then analyze the promotion effect of key drivers
on economy, environment and society, so as to improve the effect of CER implementation,
and realize the coordination and sustainability development of economic and environmen-
tal benefits.

3. Identify Common Drivers of CER

As environmental problems have become more prominent, the public’s awareness of
environmental protection has continued to increase. When consumers buy automobiles,
green features have become one of their important choices [47,48]. Some automakers
realize that they should implement CER throughout the product life cycle to minimize
the negative impact on the environment to meet consumer’s demand for environmentally
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friendly products [49]. However, they do not know how to effectively implement CER
to promote the sustainable development and green development of enterprises, and the
implementation of CER in CAMI has always been controversial, so there is an urgent need
to improve the effectiveness of CER implementation.

Therefore, this paper analyzes the drivers of CER in CAMI from the perspective of TBL
(economic, social and environmental). Based on relevant literature, expert opinions and
the opinions of Chinese auto industry managers, we jointly determine the common drivers
for CER in China’s auto industry. First, we collect CER drivers from relevant literature,
and use “corporate environmental responsibility”, “corporate environmental responsibility
drivers” and “Chinese automobile manufacturer environmental responsibility” as search
keywords. Secondly, we inquired about the main motivations for Chinese automakers
to implement CER in 120 Chinese auto industry units through e-mail and telephone. We
finally received replies from 82 Chinese auto companies. Third, on the basis of the above
process of determining common drivers, we held an online seminar, inviting CAMI experts
and managers to participate in order to solve these classifications. After discussion, we
got the final result on the classification of common drivers. Through the above process,
the common CER drivers in CAMI were identified and classified, as shown in Table 1.
The main drivers identified include policy drivers, technology drivers, corporate internal
motivations and corporate external pressure. Finally, a case verification was carried out
through a Chinese automobile manufacturer.

Table 1. Common drivers of corporate environment responsibility.

No. Main Driers Explanation Common Drivers
Folly v can e ctsnied 00 ncnives 1)
1 Policy drivers . y P Y asp Government regulations (A2)
(regulations, standards, etc.) and
) . Standards (A3)
incentive aspect.
. . Technologlcal. drivers can h.elp Green technology import (A4)
2 Technological drivers corporate achieve the sustainable . :
Green technology innovation (A5)
development.
Top management commitment (A6)
These motivations mainly focus on Employee demand (A7)
3 Corporate internal company level, such as its own Financial benefits (A8)
motivations development and the demand of Shareholders motivation (A9)
company’s internal staff, etc. Company image (A10)
Competitive advantage (A11)
Consumers demand (A12)
Companies need to do things that they =~ Green supply chain pressure (A13)
4 Corporate external pressure are unwilling to do but must do to meet ~ Societal expectation (A14)

the needs of the public.

Media pressure (A15)

Market trend (A16)

4. The Fuzzy DEMATEL Method of Key Drivers

The proposed model framework for analyzing the drivers of CER in China’s automo-
bile industry is shown in Figure 1. First of all, with the help of existing literature, expert
opinions and industry managers” opinions, most of the drivers were collected. Second,
a questionnaire containing the drivers of the five-point Likert scale was distributed to
Chinese automobile companies. For the collected valid questionnaires, we averaged the
survey results, discussed with experts, and finally identified and classified 16 common
driving factors. Then, based on the TBL, a fuzzy direct relationship matrix was established,
and the key drivers of CER in CAMI were analyzed using the DEMATEL program. Finally,
the results were verified in a medium-sized automobile company through feedback from
the automotive industry managers and comparison with existing literature.



Processes 2021, 9, 751

6 of 16

\

Literature
review

Expert opinion

Opinions of
industrial
managers

>

J

4 \ [ \ [ \ [ N\ [ 1
Basing on the
uestionnaires . TBL’ s
Q . Identify and . .
with common - perspective, Get Conclusions Use research
. classify common - e
drivers(based on . A . analyze the of key drivers results to verify in
. drivers of CER in . 4 . .
Likert scale)- - common drivers according to the a medium-sized
L B Chinese B X . AN .
distributed to X with fuzzy relative priorities automobile
. automobile .
domestic . DEMATEL among common manufacturing
. manufacturing . -
automobile . approach to drivers industry
X industry . .
companies. identify the key
drivers
\. J \\ J \\ J \\ J \\ J

4

Figure 1. The model framework for analyzing the drivers of CER in Chinese auto industry.

Since the drivers for the implementation of environmental responsibility in CAMI is a
complex decision-making problem, it is a common method to use multicriteria decision-
making (MCDM) [50,51] method or fuzzy analytic hierarchy process [52] to make decisions.
DEMATEL, as one of the MCDM approaches, firstly used by The Battelle Memorial Institute
at its Geneva Research Centre in 1973, is utilized as a solution method in this paper [53]. The
DEMATEL method can visualize complex causal structures by establishing and analyzing
structural models between complex factors. Furthermore, it can analyze the influence
relationship between complex criteria and separate the factors into cause group and effect
group in which the cause group affects the effect group thus reckoning the relative weights
of criteria. In this paper, since the interaction between all the drivers of CER in CAMI
is relatively complex, it is necessary to use DEMATEL to help us better understand the
interaction between drivers.

Although DEMATEL is a good way to deal with complex decision-making problems,
the degree of mutual influence between systems is usually ambiguous, which will make
language information unsuitable for expression. In order to reduce uncertainty and increase
accuracy, DEMATEL is combined with fuzzy logic proposed by Zadeh [54]. It is rather
effective to measure the ambiguous concepts related to human’s subjective judgments
with fuzzy logic [55]. Therefore, this paper uses fuzzy DEMATEL with triangular fuzzy
numbers to evaluate the driving factors of CER in CAMIL

A triangular fuzzy number can be defined as a triplet A= (I,m,u), where I, m and
u denote lower, medium, and upper numbers, respectively, to describe a fuzzy event.
Additionally, the membership function y ; of a triangular fuzzy number can be expressed
as follows:

0 x <1

((;;:?) I<x<m )
Hal) = ((3::1)) m<x<u M

0 xX>u

where [, m and u are real numbers and [ < m < u.
In view of above, the model of triangular fuzzy numbers is shown in Figure 2. The cor-
respondence between the linguistic terms and triangular fuzzy numbers can be determined

by Table 2. For any of two triangular fuzzy numbers A = (I1,m1, 1) and B— (I, mp, uz),
the operational laws of the two triangular numbers are as shown below:
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A1 +A2 (11 + I, mq +m2,u1+u2)

= (Ii — Ip,my —mp, uq — up)
Al X A2 (lh X Ip,my X mp, Uy X uy) @
A1 - A2 = (11 - lz,m1 -— My, Uy +— uz)

/\ELZ (All,)xml,/\ul), (k > 0)
4=G % %), k>0

where [, m; and u; are real numbers and [; < m; < uy.

u(x)
A

0.75

0.50

0.25

>
X
1 m u

Figure 2. Triangular fuzzy number.

Table 2. Correspondence between the linguistic terms and triangular fuzzy numbers.

Linguistic Terms Triangular Fuzzy Numbers
No influence (N) (0,0,0.25)
Very low influence (VL) (0,0.25,0.5)
Low influence (L) (0.25,0.5,0.75)
High influence (H) (0.5,0.75,1)
Very high influence (VH) (0.75,1,1)

This section is not mandatory but may be added if there are patents resulting from the
work reported in this manuscript.

The main steps of the fuzzy DEMATEL method are briefly described as follows:

Step 1: Establish the fuzzy direct relation matrix T with fuzzy linguistic terms.

Step 2: Defuzzified-Initial relation matrix F. In this step, the fuzzy direct relation
matrix T is defuzzified, namely the triangular fuzzy numbers are converted to crisp
numbers by centroid method, a kind of defuzzification approach. Correspondingly, the
Defuzzified-Initial relation matrix F can be established by Equation (3).

i xip z(x;)
Folx) ==L — ®)
w5 (x;)

Trg=|L

i
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Step 3: Establish the normalized direct-relation matrix X. In this step, the initial
direct-relation matrix F is normalized by utilizing Equations (4) and (5). Consequently, the
normalized direct-relation matrix X can be obtained.

K= 1 4)

n
max;<j<n)ij—1 4ij

X=KxF @)

Step 4: Establish the total relation matrix M. In this step, the total relation matrix M is
calculated through Equation (6) where I denotes identity matrix. The element m;; denotes
the indirect effects that criterion 7 have on criterion j, and the matrix M gives the total
relationship among the each pair of factors.

M=X(I-X)"" (6)

Step 5: Get the sum of rows and columns. In this step, the sum of rows and columns of
matrix M are calculated through Equations (7) and (8). In the two equations, r; denotes all
direct and indirect influence given by criterion i to all other factors, ¢; denotes the degree
of influenced impact.

ri= ), b @)

1<j<n

Cj = Z fz‘]‘ 8)
1<i<n

When i = j, (r; + ¢j) denotes all effects that are given and received by criterion i.
(r; + ¢j) can show the degree of importance that criterion i, in the total system, namely the
centrality of the element i in the problem group. Meanwhile, (r; — ¢;) represents the net
effect that criterion i has on the system. If (r; — c;) > 0, the element i will be classified into
cause group. By contrast, if (r; — ¢j) <0, it will be classified into effect group.

Step 6: Establish the cause—effect relation diagram. In the final step, the cause and
effect relationship diagram is depicted according to the dataset of (r; — ¢;). The horizontal
axis (R + C) is obtained by adding R to C, and the vertical axis (R — C) is obtained by
subtracting C from R.

Step 7: According to the results of the step 6, the cause group of the key drivers are
ranked again to determine the most critical drivers. The calculation formula is:

(ri —¢j)

x 100% )
(ri - Cj)max

Rg =

5. Case Study: An Explanation
5.1. Case Background

Due to the expanding trend of economic globalization, as well as the continuous
development of smart and green technologies, CAMI must be able to respond to the market
in a timely manner while taking into account economic growth, environmental protection,
and the realization of social expectations. K Company is a medium-scale automobile
manufacturing company in China, which has been committed to manufacturing energy-
saving and environmentally friendly vehicles. However, the automobile company found
that the effect of implementing CER on energy conservation and emission reduction is
far behind that of well-known foreign automobile manufacturing companies. Therefore,
the company realized the need to evaluate the drivers of CER to ensure the effective
implementation of its CER. The main research goals of the automobile company are as
follows: (1) The automobile company hopes to understand the common drivers and
key drivers of CER. (2) The company hopes to understand the comprehensive impact
of implementing CER on economic, environmental and social benefits. (3) Last but not
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least, automobile companies hope to achieve their own green development and sustainable
development by effectively implementing CER throughout the entire life cycle of the car.

5.2. Results and Analysis

According to the results of the questionnaire, a fuzzy direct relationship matrix T in
the form of fuzzy linguistic terms can be established. The fuzzy direct relationship matrix
T is shown in Table 3. Using the centroid method, the fuzzy direct relationship matrix T is
defuzzified into clear numbers, and transformed into the initial matrix F (Table 4), and the
normalized direct relationship matrix X (Table 5) is established according to F, and then
the total relationship matrix M is established (Table 6), and the row sum and column sum
of the total relationship matrix M are calculated. Finally, a causality diagram is established,
the results of (R + C) and (R — C) (Table 7) are calculated and used as the horizontal and
vertical axes of the causality diagram, as shown in Figure 3.

Table 3. The fuzzy direct matrix T—the TBL's perspective.

Criteria Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A1l Al12 Al13 Al4 Al5 Ale
Al N VL VL H H H N H H N N N VL N VL H
A2 L N VH L L H N L L N N VL H N H L
A3 VL H N VL VL VL H L L N L L H L H L
A4 L L VL N H H H L VL H H L H VL VL H
A5 H L L VH N H VH VH H H VH L L H L H
Ab L VL VL H H N H VL H H VL VL L L VL VL
A7 N N VL L N H N VL L VL N N VL N VL N
A8 VL VL L H VH H H N VH H L VL H N N L
A9 VL VL N H H H L VL N N L VL VL H N VL
A10 N N VL VL VL H L H N N H L N H H N
All N N VL L H H N VH H H N H VL N N H

Al12 N VL H H VH H N H H VL L N VH L VL VH

Al13 VL VL H H H VL L L L N L H N H H H

Al4 N N VL VL H L N N VL VL N H L N H H

Al5 VL N L L L L L N N VL N H VL H N VL

Al6 L VL VL H H L N H H N VL H H H L N
Table 4. Initial relation matrix F—the TBL's perspective.

Criteria Al A2 A3 A4 A5 A6 A7 A8 A9 A10 All Al12 A13 Al4 A15 Al6
Al 0.082 0.25 0.25 0.75 0.75 0.5 0.082 0.75 0.75 0.082 0.082 0.082 0.25 0.082 0.25 0.75
A2 0.5 0.082  0.928 0.5 0.5 0.75  0.082 0.5 0.5 0.082 0.082 025 075 0.082 0.75 0.5
A3 0.25 0.75  0.082 0.25 0.25 0.25 0.75 0.5 0.5 0.082 0.5 0.5 0.75 0.5 0.75 0.5
A4 0.5 0.5 025 0.082 075 075 025 0.5 0.25 0.75 0.75 0.5 0.75 025 025 075
A5 0.75 0.5 0.5 0918 0.082 075 0928 0.928 0.75 0.75 0.928 0.5 0.5 0.75 0.5 0.75
A6 0.5 025 025 0.75 075 0082 0.75 0.25 0.75 0.75 025 025 0.5 0.5 025 025
A7 0.082 0.082 0.25 0.5 0.082 075  0.082 0.25 0.5 0.25 0.082 0.082 0.25 0.082 025 0.082
A8 025 025 0.5 075 0928 075 075 0082 0928 0.75 0.5 025 075 0082 0082 05
A9 025 025 0082 075 075 075 0.5 025  0.082 0.082 0.5 025 025 075 0082 025
A10 0.082 0.082 0.25 0.25 0.25 0.75 0.5 0.75 0.082  0.082 0.75 0.5 0.082 0.75 0.75  0.082
All 0.082  0.082 0.25 0.5 075 075 0082 0928 0.75 075 0.082 075 025 0082 0.082 075
Al12 0.082 0.25 0.75 0.75 0928 075 0.082 0.75 0.75 0.25 0.5 0.082  0.928 0.5 025 0928
Al13 025 025 075 0.75 075 025 0.5 0.5 0.5 0.082 0.5 075 0.082 075 075 075
Al4 0.082 0.082 0.25 0.25 0.75 0.5 0.082  0.082 0.25 0.25 0.082 0.75 0.5 0.082 0.75 0.75
Al5 025 0082 05 0.5 0.5 0.5 0.5 0.082 0082 025 0082 075 025 075 0082 025
Al6 0.5 025 025 0.75 0.75 05 0082 075 075 0082 025 075 075 0.75 0.5 0.082

Table 5. The normalized direct-relation matrix X—the TBL's perspective (x10~7).

Criteria Al A2 A3 A4 A5 A6 A7 A8 A9 A10 All Al12 A13 Al4 A15 Al6
Al 0.8 2.3 2.3 0.7 0.7 4.7 0.8 7 7 0.8 0.8 0.8 2.3 0.8 2.3 7
A2 47 0.8 8.5 47 47 7 0.8 47 47 0.8 0.8 2.3 7 8 7 47
A3 2.3 7 0.8 2.3 2.3 2.3 7 4.7 47 0.8 47 4.7 7 4.7 7 4.7
A4 47 47 2.3 8 7 7 47 47 2.3 7 7 47 7 0.2 2.3 7
A5 7 47 4.7 8.5 0.8 7 8.5 8.5 7 7 8.5 47 4.7 7 4.7 7
Ab 47 23 2.3 7 7 0.8 7 2.3 7 7 2.3 2.3 47 4.7 2.3 2.3
A7 0.8 0.8 2.3 47 4.7 7 0.8 2.3 7 2.3 0.8 0.8 2.3 0.8 2.3 0.8
A8 2.3 2.3 2.3 7 2.3 7 7 0.8 47 7 47 2.3 7 0.8 0.8 47
A9 2.3 2.3 4.7 7 7 7 4.7 2.3 8.5 0.8 4.7 2.3 2.3 7 0.8 2.3
A10 0.8 0.8 0.8 4.7 2.3 7 4.7 7 0.8 0.8 7 4.7 0.8 7 7 0.8
All 0.8 0.8 2.3 47 7 7 0.8 8.5 7 7 0.8 7 47 0.8 0.8 7
Al12 0.8 23 7 7 85 7 0.8 7 7 23 4.7 0.8 85 4.7 23 85
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Table 6. The total relation matrix M—the TBL's perspective (x1072).

Criteria Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All Al2 A13 Al4 Al5 Aleé

Al 6.2 6.7 8.2 16.3 15.9 13.8 7.7 14.5 15.1 6.7 7.3 8.3 10.3 7.5 8.1 14.6
A2 10.5 5.9 153 153 15.1 16.9 8.8 13.2 14.0 72 8.0 11.2 159 8.8 13.9 13.6
A3 8.0 114 8.1 13.1 13.2 13.0 14.1 13.2 14.0 7.1 14.4 13.6 16.0 12.3 13.9 13.7
A4 11.3 9.9 10.2 13.4 19.0 19.0 13.3 15.3 13.5 14.5 15.2 14.6 17.1 9.3 10.4 17.2
A5 15.2 11.5 14.5 24.2 16.8 22.8 19.4 21.5 20.9 16.8 18.8 17.6 18.0 17.9 14.8 20.2
A6 10.3 7.1 9.1 17.5 17.4 11.6 14.6 11.3 16.0 13.4 9.8 11.0 13.3 12.3 9.4 11.3
A7 44 3.7 6.3 11.0 10.9 13.1 15.8 7.5 10.1 6.6 53 59 7.6 5.5 6.3 6.0
A8 8.1 7.1 9.1 17.7 13.2 17.6 14.6 9.8 17.7 13.5 12.1 11.0 15.7 8.7 7.7 13.4
A9 7.7 6.8 10.7 16.4 16.6 16.4 11.6 10.4 9.5 72 11.2 10.3 10.7 13.6 7.2 10.8
A10 54 45 6.4 13.5 11.4 15.9 11.0 14.0 8.8 7.0 12.7 12.2 8.6 13.0 12.4 8.6
All 7.1 6.0 9.6 16.5 18.2 18.3 9.4 18.1 17.2 14.2 9.1 16.1 14.4 9.5 8.1 16.5
Al12 8.5 8.7 15.6 20.5 21.8 20.0 10.9 18.2 19.0 10.9 14.1 12.4 21 14.7 11.3 20.0
Al3 9.3 8.3 15.3 19.7 19.8 15.2 13.6 15.3 16.0 8.7 13.3 19.3 12.2 16.2 15.2 18.1
Al4 6.0 49 8.5 11.8 16.1 13.5 74 8.6 10.5 7.9 7.1 16.3 12.6 8.1 12.9 14.8
Al5 6.9 48 10.2 13.1 13.4 13.1 10.6 8.0 8.5 7.6 6.7 15.5 9.9 13.1 6.6 10.0

Alé6 13.7 8.1 10.8 19.9 19.9 17.2 9.9 17.4 18.3 8.8 11.1 18.9 17.9 16.1 12.8 12.3

Table 7. The values of R, C, (R + C), (R — C)—the TBL's perspective.

Criteria R C R+C R-C
Al 1.672 1.386 3.058 0.286
A2 1.936 1.154 3.090 0.782
A3 1.991 1.679 3.670 0.312
A4 2.232 2.599 4.831 —0.367
Ab5 2.909 2.587 5.496 0.322
A6 1.954 2.574 4.528 —0.620
A7 1.260 1.927 3.187 —0.667
A8 1.970 2.163 4.133 —0.193
A9 1.771 2.291 4.062 —0.520
Al0 1.654 1.581 3.235 0.073
All 2.083 1.762 3.845 0.321
Al12 2.287 2.142 4.429 0.145
Al3 2.355 2.023 4.378 0.332
Al4 1.670 1.866 3.536 —0.196
Al5 1.580 1.710 3.290 —0.130

Al6 2.331 2.211 4.542 0.120
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Figure 3. Cause—effect relation diagram.

The final results of our research are shown in Table 7 and Figure 3. According to
Equations (7) and (8), we can know the elements in the cause group and the result group.
The cause group includes drivers A1, A2, A3, A5, A10, All, A12, A13, A16, and the effect
group includes drivers A4, A6, A7, A8, A9, A14, A15. The results show that government
regulations (A2), competitive advantage (A11), green supply chain pressure (A13) and
green technology innovation (A5), incentive measures (A1) and standards (A3) are the six
key drivers that promote the effective implementation of CER in the automotive industry.
The most important driver is government regulations (A2). Half of the six key drivers
are policy drivers. The fact is also true. The effective implementation of CER requires the
government to formulate and supervise the implementation of environmental protection
regulations and standards. Green supply chain pressure (A13), green technology innovation
(A5) and competitive advantage (A11) rank second, third, and fourth among all important
drivers. From the perspective of the effect group, it can be seen that media pressure (A15)
ranks first in the effect group, and employee demand (A7) ranks last in the effect group.

As far as we know, there is no relevant analysis on the research directions involved in
this paper, so it is impossible to give appropriate horizontal comparison results, but we
have found similar experimental results in papermaking enterprises, industrial enterprises
and the fashion industry. Among them, papermaking enterprises provide internal and
external drivers for the company’s green and sustainable development [56]. External
drivers include government pressure, social pressure and economic pressure. Internal
drivers include management, employees, corporate culture, the size of the company, and
the financial situation. Experimental results show that economic pressure is the first driving
force, and internal management and employee environmental awareness are the second
driving force. The external factors for the green development of industrial enterprises [57]
include policy and institutional environment, market environment and public supervision,
and internal factors include the tangible and intangible resources of the enterprise. In the
fashion industry [58], there are similar results. The driving factors of the sustainable fashion
industry are attributed to internal driving factors (entrepreneurial direction and founder
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culture, integration between different companies, innovation) and external driving factors
(regulation, consumer awareness, competitiveness). Obviously, these have confirmed that
government supervision, policies and regulations are the most important external driving
factors for the manufacturing industry to fulfill its environmental responsibilities and
implement environmental behaviors, which is basically consistent with the research results
of this paper.

The verification is based on feedback from experts in the CAMI and references to
relevant existing literature. After verification, our research results will be submitted to
K Company.

6. Discussion

According to the research results, we drew a histogram of the key drivers and sorted
the key drivers according to formula (9), as shown in Figure 4 and Table 8. It can be seen
from Figure 4 and Table 8 that government regulations (A2) is the most important driver,
ranking first. Only when the government and regulatory agencies jointly promote the
automobile manufacturing industry to perform environmental responsibilities in strict
accordance with regulations and standards can the company’s environmental and economic
interests achieve balanced development. In addition, green supply chain pressure (A13),
green technology innovation (A5), and competitive advantage (A11) rank second, third, and
fourth. These are the key drivers for the company to implement CER. These identified key
drivers are interrelated: the implementation of government regulations (A2) is conducive
to the improvement of enterprises’ green technology innovation (A5), and promotes the
improvement of enterprises’ competitive advantage (All), and the green supply chain
pressure (A13) can also promote enterprises to comply with the laws and regulations of
higher-level government departments, and improve their compliance and compliance. The
other five drivers, including standards (A3), incentives (A1), consumers demand (A12),
market trend (A16), and company image (A10), are also important for implementation of
CER, and they all have different degrees of each other. The following research will conduct
a correlation analysis of the importance of all these key drivers.

0.8 4 0.782
'3
0.6
0.5
1
E o
S 0.4
2 1 0.312 0.322 0.321 0.332
& ;

0.1 1

0.0 -
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Figure 4. Causes group histogram.
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Table 8. The sequencing of the key drivers.

Key Drivers R-C Rg Ranking
Incentives (A1) 0.286 36.57 6
Government regulations (A2) 0.782 100.00 1
Standards (A3) 0.312 39.89 5
Green technology innovation (A5) 0.322 41.18 3
Company image (A10) 0.073 9.34 9
Competitive advantage (A11) 0.321 41.04 4
Consumers demand (A12) 0.145 18.54 7
Green supply chain pressure (A13) 0.332 42.46 2
Market trend (A16) 0.120 15.35 8

In this study, we discussed the conclusions of the study and the importance of imple-
menting CER, and drew some management implications including:

First of all, in order to accelerate the effective implementation of CER in CAMI, the
government needs to improve the implementation and supervision of environmental pro-
tection policies and regulations, and increase the penalties for violations of environmental
protection regulations. At the same time, it also encourages and praises companies that
effectively implement CER and promote environmental improvements to promote its
excellent practices. Second, the pressure of the upstream and downstream supply chains of
automobile manufacturers also provides a strong impetus to promote the implementation
of CER, because downstream consumers are more inclined to choose environmentally
friendly products and are willing to pay for environmental protection. Upstream suppliers
need to promote the design and development of more environmentally friendly and green
products in the automobile manufacturing industry, thereby promoting the green innova-
tion of upstream suppliers. Third, the green technological innovation of CAMI is also a very
key driver, which is fundamentally the way for the enterprise to improve environmental
performance and economic efficiency. Innovation is the source of all development; enter-
prises need to improve the construction of green technology innovation talent teams and
increase the investment of green innovation costs. Fourth, the establishment of high-level
environmental protection standards by the government and local governments is also a
driving factor for enterprises to effectively implement CER. Finally, corporate incentives,
public awareness of environmental protection, market trends, and corporate image can all
have a positive impact on the implementation of CER by companies.

7. Conclusions and Future Work

Based on the perspective of TBL, and through the fuzzy DEMATEL method, we
identified six key drivers from 16 common drivers, including government regulations
(A2), green supply chain pressure (A13), green technological innovation (A5), competitive
advantage (Al1), standards (A3), and incentive measures (Al). These six key drivers are
critical to the implementation of CER in CAMI. The main measures include the following:
automobile manufacturers should improve the level of green technology innovation, pay
attention to the needs of the upstream and downstream supply chain, improve the level
of standard implementation, pay attention to competitive advantages, and formulate
internal incentive mechanisms on the premise of meeting the requirements of government
regulations. Only by continuing to meet the needs of all relevant parties can the company’s
environmental and economic benefits be comprehensively improved, and the company’s
green and sustainable development can be promoted. Through this research, K company
can better understand the importance of CER practice to its own green development and
sustainable development, and it is feasible to realize the coordinated development of
economy, environment and society.

The work of this paper provides a valuable reference for the research and practice
of CER in CAMLI, finds the key drivers for the implementation of CER, and gives some
management enlightenment. It is worth noting that this study still has certain limitations.
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First of all, in the process of identifying and evaluating drivers, the number of question-
naires is relatively limited. Secondly, due to the limited amount of data, the proposed
method cannot be further and extensively verified. The verified situation of a small and
medium-sized automobile manufacturing industry cannot fully represent the situation of
China’s entire automobile manufacturing industry. The research conclusions cannot be
widely applied to all automobile manufacturing industries, automobile sales companies,
etc. These may constitute the basic elements of future research.

Therefore, the future research direction is from the perspective of the impact of the
development of artificial intelligence and smart manufacturing technology on CAMI.
The research perspective of CAMI'’s implementation of CER can also be shifted from the
perspective of TBL to other perspectives, such as technology and multiple stakeholders.
Regarding model construction and selection of multicriteria decision-making methods, the
existing fuzzy decision-making can be extended to more advanced intelligent decision-
making models and decision-making algorithms. In addition, it may be very interesting to
study the relationship between CAMI’s implementation of CER on corporate sustainable
development and green development, and how to improve the company’s image and
increase profitability.
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