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ARTICLE INFO ABSTRACT

Previous studies revealed triple bottom line cannot entirely cover the concept of corporate sustainability. This
study thus uses sustainable resource management (SRM) to improve corporate sustainability (CS) performance
considering the socio-environmental, socio-economical, and eco-efficiency aspects. In this study, the vague set
(VS) theory and the technique for order preference by similarity to ideal solution (TOPSIS) method are in-
tegrated as a hybrid decision-making tool by which social media data can be transformed into entropy weights.
The results indicate eco-efficiency and society should be prioritized to improve the corporate sustainability
performance. Specifically, the aspects should be promoted through encouraging environmental innovation, re-
designing consumers' offer, raising support of the institutions and policy measures, and organizing synergetic
involvement. The contributions of this study are three-fold: (i) establishing a comprehensive framework for
guiding firms make effective improvements; (ii) developing a hybrid VS-TOPSIS method to process the assess-
ment data and social media information and address the interrelationships; (3) identifying the decisive SRM
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criteria to precisely guide the Chinese automobile industry towards CS under severe resource constraints.

1. Introduction

The Chinese automobile industry has witnessed a surge growth
since the 21st century. In 2007, the amount of China's automobile
production had reached 8.88 million, which resulted in a net increase of
16.6 million over the previous year. In the meanwhile, automobile sales
reached 8.79 million. Under the 2030 sustainable development goals
agenda, the Chinese automobile industry is striving for sustainable
development (Wu et al., 2019a). The industry is seeking appropriate
managerial paths to balance the economic performance, environmental
benefits and social reputation under limited resources. SRM is con-
sidered as a key instrument in assisting industrial sector to achieve the
CS goal when developing sustainable resource strategies (Wu et al.,
2018; Tseng et al., 2019a). Lozano (2012) defined CS as “corporate
activity seeking to achieve sustainability equilibrium, which consists of the
economic, environmental, and social dimensions (i.e. triple bottom line,
TBL), for today as well as throughout the time dimension while addressing
the firm's systems and its stakeholders”. However, it is argued that these
three pillars of TBL can neither cover the entire concept of
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sustainability, nor sufficiently address CS issues (Bordass, 2000;
Jeurissen, 2000; Wu et al., 2018). Consequently, these studies presented
difficulties in precisely identifying the CS problems merely from eco-
nomic, environmental and social perspectives (Wu et al., 2019b; Wu
et al., 2019d). Furthermore, TBL was found that it existed conflicts and
overlapped field among themselves (Tseng et al., 2019b). Therefore, the
socio-economic, socio-environmental and eco-efficiency aspects are
added as a supplementary of TBL to enrich the CS literature (Wu et al.,
2019a). Therefore, this study attempts to adopt SRM practice based on
the TBL dimensions with the socio-economic, socio-environmental and
eco-efficiency aspects to provide precise guidelines for Chinese auto-
mobile industry.

The Chinese automobile industry also requires a valid tool to be
adopted to process types of data for decision making. Previous studies
mainly considered qualitative data or quantitative data to inform de-
cision-making processes when they discussed SRM issues (Mak et al.,
2019; Ng et al., 2019; Wu et al., 2019b). However, these studies ignored
the critical type of data which stemmed from social media. Song et al.
(2019) pointed out social media data can assist firms to avoid blind
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decision-making and provide more support and guarantees for devel-
oping SRM. Thus, this study designs a scrapping tool to collect the
frequencies of keywords from social media and transfer them into
corresponding entropy weights. Moreover, SRM is characterized with
nonlinear, systematic feature (Song et al., 2019). Wu et al. (2019b)
stated SRM possesses multiple criteria and includes several qualitative
perspectives. Therefore, this study integrates VS and TOPSIS to address
these problems. The novel VS-TOPSIS tool enables the transformation
of experts' linguistic preference to vague set assessment matrix, as well
as arranges all the obtained individual profit ratio matrix into the de-
cision matrix. The ranking order can be computed to offer a specific
direction for firms to utilize SRM practice to effectively and efficiently
improve their CS performance.

Therefore, the objective of this study is to explore the inter-
relationship between SRM and CS and identify the decisive measures
towards CS. This study provides three contributions: (i) establishing a
comprehensive framework for guiding firms make effective improve-
ments; (ii) developing a hybrid VS-TOPSIS method to process the as-
sessment data and social media information and address the inter-
relationships; (3) identifying the decisive SRM practice to precisely
guide the Chinese automobile industry towards CS under severe re-
source constraints.

2. Literature review
2.1. CS and SRM

The concept of CS originated from the sustainable development
concept (Engert and Baumgartner, 2015; Tseng, 2017). Elkington
(1997) proposed planet, people and profits to provide the operational
understanding for CS within a business context. Then, Cater and Rogers
(2008) formally developed the TBL structure. Afterwards, many CS
studies emerged with concentration on the discussion of the economic,
social and environmental aspects (Shi et al., 2017). However, the three
traditional components of TBL enable insufficiently the coverage of the
overall concept of CS (Esquer-Peralta, 2007; Wu et al., 2018). Wu et al.
(2019b) also argued there are overlaps among the TBL dimensions, and
some operational practices have encountered dilemmas when classi-
fying the operations and actions into TBL aspects as well. Hence, socio-
environmental, socio-economical and eco-efficiency aspects have been
supplemented to TBL to assist decision makers in precisely distin-
guishing the practices (Esquer-Peralta, 2007; Wu et al., 2018). More
studies these years started to discuss about these newly developed as-
pects. For example, Heikkurinen et al. (2019) stated companies
launching extended eco-efficiency actions can move towards a more
sustainable economy. Qiao et al. (2019) found disregarding the socio-
environmental losses might lead to failure in the decision process for
developing sustainability. Wu et al. (2019a) supposed socio-economical
aspect needed to consider social and economic perspectives simulta-
neously.

Bringezu and Bleischwitz (2017) defined SRM as “utilizing the
natural resources in rational ways and maximizing human well-being
without impeding the supporting of the living eco-system.” In previous
literature, several studies have noticed the importance of considering
socio-economic, socio-environmental dimensions into SRM towards CS.
Dong et al. (2017) noted socio-economic played a critical role in de-
veloping urban sustainability for SRM based on literature analysis. In
addition, Meng and Han (2018) explored the nexus among transport
infrastructure sustainability, socio-economic and socio-environmental
factors, and investigated the causal relationships between the variables.
Additionally, eco-efficiency is proposed as a win-win operational
strategy by means of consuming fewer natural resources and reducing
financial costs for companies (Wu et al., 2018; Heikkurinen et al.,
2019), while the discussion of the eco-efficiency was ignored in pre-
vious SRM studies.
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2.2. Proposed hybrid method

Previous studies adopt qualitative data or quantitative data when
they address the topic under SRM. For example, Ng et al. (2019) re-
sented a systematic framework of SRM through gathering the quanti-
tative data from the waste and resources action program and Tesco
firm. However, the qualitative data need to transform with the purpose
of performing valid quantitative computation following the appropriate
way. Tseng and Bui (2017) noted that some mistakes may occur during
the process of translating qualitative information to quantitative forms.
Furthermore, these qualitative experts' respondence always contained
ambiguous and uncertain information (Tseng, 2017). Thus, vague set
theory was applied in this study to transform qualitative information
into quantitative data.

Although existed SRM studies aim at systematically addressing the
inter-relationship among SRM attributes, these studies mainly rely on
statistical models to examine the relationship based on the in-
dependence, linearity and correlation (Liu et al., 2019). Accordingly,
the interdependent and exerted feedback effects cannot acquire better
demonstration. Therefore, Tseng et al. (2019a) proposed a hybrid fuzzy
synthetic method to assess CS performance. However, fuzzy set theory
only considered positive evidence by obtaining the single membership
function (Gau and Buehrer, 1993). Moreover, TOPSIS was proposed by
Hwang and Yoon (1981) aiming at addressing interrelationship inside
selected attributes, and it is established by the thought that the selected
ideal alternatives should have a minimum geometric distance from the
positive ideal consequences and maximum from the negative ideal
outcomes. It is commonly recognized as an easier and fast decision-
making approach on firm's level (Huang et al., 2011; Behzadian et al.,
2012). Therefore, this study combines the VS theory and TOPSIS
technique to overcome the drawbacks of fuzzy sets and provide a handy
tool for corporate decision-making, as well as fully considering the in-
terdependent and systematic feature of SRM and CS (Tseng et al.,
2019a).

2.3. Proposed measures/practices

Extending products' life span (C1) was stated as a highly effective
strategy for reducing the use of economic resource loop (Bocken et al.,
2016). Meanwhile, through utilizing optimal capability (C2), firms can
achieve greater efficient performance in generating and managing
economic resource (Lin and Tseng, 2016). Additionally, applying
quality management mechanism (C3) is essential to allow the industrial
sector to meet satisfaction, and enable the generation of profit (Lim
et al., 2017). With respect to the logistics, optimizing horizontal lo-
gistics (C4) is increasingly considered to be a viable approach to lower
cost and increase service levels, which significantly promotes the profit
margin for firm (Defryn et al., 2019; Tseng et al., 2019b).

As for management strategies for environmental resource, adopting
eco-design approach (C5) aims at minimizing environmental life cycle
impacts, and thereby maximizing firms' limited environmental resource
(Eksi and Karaosmanoglu, 2018). Besides, developing cleaner tech-
nology (C6) helps organizations to more effectively access natural re-
source, and produce products and services with less negative impacts
(Biiyiikozkan and Cifci, 2013). Considering that the sustainability re-
ports can disclose the utilization of environmental resource, thus im-
proving the transparency of sustainability reports (C7) plays a crucial
role in increasing the environmental agility of firms (Roca and Searcy,
2012). Moreover, enhancing decision making resilience (C8) enables
the dynamic decision while encountering the environmental pressure
from internal and external stakeholders (Galpin et al., 2015; Islam
et al., 2019).

Social resource always includes the issue of engagement and re-
lationship which involves diverse and various stakeholders (Wu et al.,
2019b; Singh et al., 2019). Therefore, organizing synergetic involve-
ment (C9) can be applied to obtain social resource through aligning
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stakeholders” engagement with a firm's tactics Wu et al., 2019b). Also,
increasing employees' and customers' awareness (C10) will be of benefit
to enhancing the efficiency of resource utilization through acquiring
positive social resources (Shi et al., 2017). Moreover, raising in-
stitution's support and policy measures (C11) is capable of establishing
social collaboration and participation among key stakeholders' in so-
ciety such as producers, consumers and government (Singh et al.,
2019). Finally, advocating corporate culture (C12) is involved in the
sustainable resource beliefs of a firm, which are embedding in arran-
ging the social resource (Bonn and Fisher, 2011; Tseng et al., 2019b).

Industrial sector needs to take social and economic concepts into
account simultaneously in order to address the SRM issue with regard to
current product policies, market dynamics and competitive advantages
(Singh et al., 2019). Thus, improving stakeholder interactions (C13)
should be adopted as a core practice to achieve resource management
goals, which is a manifestation of power embedded in the relationship
between stakeholders' and the SRM target (Frooman, 1999; Lin et al.,
2019). After the stakeholders' employ firms' resource to create value, it
is beneficial for building value proposition (C14), which includes social
value proposition and economic value proposition (Kristensen and
Renmmen, 2019). Additionally, building eco-friendly rewarding sys-
tems for employees (C15) should be applied to integrate firms' eco-
nomic development goal with performance evaluation system (Lozano,
2015).

On the macro level, there is a conflict between the quality and
quantity of economic activities, the former is too inefficient, while the
latter is stated to be too extensive, which leads to large-scale environ-
mental problems (Daly, 1992; IPCC, 2014). To address this issue, eco-
efficiency is proposed as a win-win strategy for firms to target a less
harmful use of natural resources, and reduces cost for the company
(Heikkurinen et al., 2019). Accordingly, encouraging environmental
innovation (C16) can deliver a win-win situation for the economic and
environment resource (Liao et al., 2018). Then, pushing the sustain-
ability agenda into government policy (C17) has been argued that
mostly in the sphere of eco-efficiency, which is an effective means to
address sustainability issue and the financial bottom line of firm
(DeSimone and Popoff, 1999; Dauvergne and Lister, 2012; Heikkurinen
et al.,, 2019). In addition, redesigning consumers' offer (C18) enables
reduction of the environmental load of the use phase (Baines et al.,
2007; Heikkurinen et al., 2019).

Socio-environmental practices reflect various facets for solving in-
ternal and external sustainability issues, and reconcile company or-
ientation with stakeholders” needs (Spiller, 2000; Kassinis and Vafeas,
2006). Thus, pursuing eco-resource efficiency orientation (C19) can be
expressed that maximize output while minimizing resources utilization
without degrading social and environmental aspects (Horton et al.,
2016; Von Geibler et al., 2016). Moreover, a potential effective way of
managing a company's environmental policy is by socially linking it
with purchasing function activities (Humphreys et al., 2004), for in-
stance, selecting and collaborating with green supplier (C20) focuses on
the buyer-supplier relationship where close relationship is necessary
and capabilities are required (Sarkis and Talluri, 2002). At the same
time, enhancing environmental awareness (C21) can be used to prevent
negative impacts on the environment, as well as affecting the strategic
development and their corporate reputation (Matos and Hall, 2007;
Eltayeb et al., 2011; Wu et al., 2019a).

3. Method
3.1. Fuzzy cluster method

This study applies FCM to categorize the proposed SRM criteria into
several corresponding CS aspects.

Supposing the raw cluster matrix is R = [ry],xn, Where r; denotes
the degree of experts' judgement, which can be stated as the following
equation.
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Subsequently, the raw cluster matrix R must be normalized through
adopting the standard deviation transformation method, which is de-
lineated in Eq. (2).

~ _ hk— K
—_—,

P = i=1,2,3,.,nk=1,2,3,..,n

6k 2

— 1 1 —
Where 7 = - 31 fi, 6 = | 2y Uik = >
Then, the following equation is used to compress the initial data
scale into the interval [0,1].
T — min (%)
1<i>n

i = k=1,2,3,..,n.

max (%) — min (%)’
ISiZn( ) 1sizn( i) 3

Once finalizing the normalization process, similarity coefficient
between 7 and can be obtained with the purpose of further estab-
lishing fuzzy similarity matrix U = [uy] according to maximum-
minimum method, which is depicted in Eq. (4)

o Ty (B A B)
YN, (B v T )

Subsequently, this study employs self-composition square method to
compute the transitive closure of fuzzy similarity matrix in order to
obtain fuzzy equivalence matrix T(U). Thereinto, the self-composition
square method can be expressed as U — U? — U* — ... — U until the
equation U* = U occurred firstly, then T(U) = U and U is called
the transitive closure matrix of U. At last, the clustering results can be
generated by utilizing an appropriate threshold, namely, A, conse-
quently, the A-cutest matrix is obtained.

3.2. Entropy weight method

This study selected four benchmark Chinese automobile manu-
facturers: Geely Automobile Group, Great Wall Company Limited,
Chery Automobile Co., Ltd. and China First Automobile Group Co., Ltd.
Tseng (2017) stated that firm's official website can be adopted as a
social media platform that facilitates customers acquiring enormous
information about development status and performance of the com-
pany. Thus, this study programmed a Web scraping project with Python
in order to accumulate the frequency of occurrence of proposed criteria
and aspect from these firms' website. Nonetheless, these information
contains highly grey and uncertainty feature, which need to be trans-
formed into entropy weight for further computation (Delgado and
Romero, 2016). Additionally, Wu et al. (2016) also stated that the de-
gree of system disorder could be well demonstrated by entropy weight.
Hence, the entropy weight method was employed to address the am-
biguous characteristic of information hidden in firms' official websites,
as well as provide an objective weighted approach for VS-TOPSIS.

In accordance with Wu et al. (2019¢) and Tseng (2017), this study
assumes that there are ¢ alternatives, and y, denotes the scrapped
frequencies stemming from social media. Additionally, r = 1, 2, ---, ¢.
These frequencies y, need to be normalized through the following
equation:

- _ Xr
Xr = ®
r=1%r (5)

Subsequently, entropy associated with each item can be calculated
by means of the following equation.

XE = ~ngr x [Tz n) | ®)

Where ¥, represents the entropy for each indicator. If an indicator
has smaller ¥,, it has higher weight (Ding et al., 2017) .
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Table 1

the linguistic preference and corresponding vague value.
Linguistic preference Corresponding vague value u v
Very low (VL) [0.1 — g X 746,0.1 + v X 744] 0 1
Low (VL) [0.3 = i X Tag’,0.3 + 1 X Tg] 0.5 0.5
Medium (M) [0.5 = it X 746,05 + v X 144'] 0.5 0.5
High (H) [0.7 — pt X Tg8,0.7 + v X Tgg'] 0.5 0.5
Very high (VH) [0.9 — i X 746,09 + v X 1447] 1 0

Next, the degree of discriminability can be attained through ap-
plying the following equation:

df =1-x" %)

Where 1 — y,” represents the degree of divergence.

After obtaining the entropy and the degree of discriminability, the
following equation can be used to determine the entropy weight &F for
each alternative.

C/(\)/E _ drE
F= T

2?:1 d’ (8)
3.3. Vague set

Given that there are a set of criteria ¢ = {cy,¢5, ...,¢,}, and the group
of experts can be expressed as {d;| 1 < t < n}, thereinto, n refers to the
number of experts inside group. Initially, the original assessment in-
formation was present in the form of linguistic preference, such as very
high (VH), high (H), medium (M), low (L) and very low (VL). Then the
qualitative information must be transferred into corresponding vague
value, as shown in Table 1. After obtaining the vague assessment ma-
trix, p;* was adopted to represent the transferred vague assessment re-
sult of expert d, on criterion c; of c;, meanwhile, p;* was present with
vague set, i.e. p;j* = [Eqg’, Fog'lyxy, where 0 < Eug° < Fof < 1. Detailly,
py* could be demonstrated in the following equation.

[Elfl’Fltl] [Eltﬁ)Fllﬁ]
p; = : :
[Eottl’Fottl] [Ez;ﬁ’Fz;ﬁ] 9

Additionally, t.4' denotes the hesitant degree of expert d,, which
stems from hesitancy matrix H,g', as well as being stated in Eq. (10).

Ttll . Ti,@

T
t t

T " To(ﬁ (10)

Subsequently, the following equations can be applied to compute
the benefit b* and cost ¢’ scores from the vague assessment matrix

b = maxpl.}‘. = max|[E}, ,Féﬁ] an
¢t = minpi;, = min[Eys, Fig 12)

Afterwards, the Group Utility (Gy") and the Individual Regret (I")
can be obtained through employing these equations below.

(b 0) = IFlg — maxFigl + |Ely — maxElyl + o — 7l 13)
et = lmax Fyg — min Figl + ImaxEfg — min Elgl + | — el 14)

.
Gh =o' x &2
(b7 e as)

", )
() (16)

Iz = maxFig x
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where 0 = Eu  + Eg x (1 — Eg — Fg),
=1 — max E,g' — maxFug', e = 1 — min Eyg" — min Fgg', and ¢*
denote the important weight of expert d,, additionally, %,_,"¢" = 1.

Once obtaining all the parameters above, the profit ratio matrix V,,"
can be generated by means of the following equation.

max Gl — G maxIh — I

Vi =(V,)j=@ X ——————
pr= (Vo max G, — min GY,

+(1-@)x ——R"R_
( ) max Iy — minl}

a7

It is utilized to maximize the group utility, and it has been generally
set as 0.5 to reflect the real situation.

After acquiring the profit ratio matrix V,,’, eq. (18) can be adopted

pro
to aggregate all individual assessments into an aggregated matrix S.

= i=aj=p t "
S = Zi:j:l ( Vpr )y (]8)

3.4. VS-TOPSIS for criteria

The decision matrix S in TOPSIS can be generated based on the
obtained aggregated matrix S, then it has to be normalized for at-
taining the normalized decision matrix S:

( V[pr )lj
S=I(Vp dylon=| =
( V;;r )nl ( Vi)r )nn (19)

< (Y i

- Ve
S=%,i=j=l,2,3...n

(20)

Subsequently, this study applies the calculated entropy weight in
Section 3.2 to calculate the weighted normalized decision matrix Z,
which can be stated as the following equation:

Z=lzl=a x§ 1)

After acquiring the weighted normalized decision matrix, the posi-
tive ideal solution &'t and the negative ideal solution &~ are determined
by Eq. (22) and Eq. (23), respectively.

&t =2tz = 5
(&l seees B reens 2 } [gl;aﬁz,] 22)

ET =2 s i yeenZy } = [Max z;~
ta 7 nl [1Si2n il (23)
Next, using n-dimensional Euclidean distance to compute the geo-
metric distance of a criterion s; from the positive ideal solution &% is
given as

n .
Df = ,/zjzl @y— )2, i=1,2,3.m 24)

Similarly, the Euclidean distance of a criterion s; from the negative
ideal solution &~ is presented as below.

~ . .
-— -2 i
Df =X, @ -G i=1,23.m 25
Ultimately, the overall performance score, namely, the relative
closeness of the criterion s; is compared with positive ideal solution &+,
which can be defined as follow:
D~
RCl- = _—l+, i= 1, 2,...,m.
D+ D; (26)
Where 0<RC; < 1, and the obtained value RC; provide the ranking
of each criterion, and the criteria acquires higher ranking are those that
have higher overall performance score RC;.
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Table 2
Proposed measures.

Environmental Impact Assessment Review 85 (2020) 106459

Clustered aspect SRM criteria

Reference

Al Economics C1 extending product's life span Bocken et al., 2016
Cc2 utilizing optimal capability Lin and Tseng, 2016
C3 applying quality management mechanism Lim et al., 2017
C4 optimizing horizontal logistics Defryn et al., 2019; Tseng et al., 2019b
A2 Environment C5 adopting eco-design approach Eksi and Karaosmanoglu, 2018
C6 developing cleaner technology Biiyiikozkan and Cifci, 2013
Cc7 improving the transparency of sustainability reports Roca and Searcy, 2012
cs enhancing decision making resilience Galpin et al., 2015; Islam et al., 2019
A3 Society C9 organizing synergetic involvement Tseng et al., 2018; Wu et al., 2019b
C10 increasing employee and customer awareness Shi et al., 2017
Cl1 raising institution's support and policy measures Singh et al., 2019
C12 advocating corporate culture Bonn and Fisher, 2011; Tseng et al., 2019a
A4 Socio-economics C13 improving stakeholder interactions Frooman, 1999; Lin et al., 2019
C14 building value proposition Kristensen and Renmmen, 2019
C15 building eco-friendly rewarding systems for employees Lozano, 2015
A5 Eco-efficiency Cl6 encouraging environmental innovation Liao et al., 2018
C17 pushing the sustainability agenda into government policy Dauvergne and Lister, 2012; Heikkurinen et al., 2019
C18 redesigning the consumer's offer Baines et al., 2007; Heikkurinen et al., 2019
A6 Socio-environment C19 pursuing eco-resource efficiency orientation Von Geibler et al., 2016; Horton et al., 2016
C20 selecting and collaborating with green supplier Sarkis and Talluri, 2002
C21 enhancing environmental awareness Matos and Hall, 2007; Eltayeb et al., 2011; Wu et al., 2019a
4. Results 6. Consequently, the ranking results of 21 criteria can be described as

In this section, the computational results of FCM, Entropy weight
and VS-TOPSIS is present as below, respectively.

1. The cluster matrix in FCM was built on the survey data from experts.
Then Eq. (1)-Eq. (4) can be used to compute the transitive closure
matrix. In this study, the frequency of self-composition square was
eight, and . = 0.858 was adopted in this study for acquiring a
proper clustering result. Accordingly, Table 2 reveals that these 21
SRM criteria was clustered into six categories, thereinto, C1-C4 was
clustered into the aspect of economic, C5-C8 fall into the aspect of
environment, C9-C12 belongs to the aspect of society, C13-C15 was
included in the aspect of socio-economic, C16-C18 was considered
in the aspect of eco-efficiency, C19-C21 was covered in the aspect of
socio-environment.

2. After scraping the social media data based on Python software, these
accumulated frequencies must be transferred into the corresponding
entropy weight by means of Eq. (5)-(8). Specifically, Appendix A
shows the calculated entropy weight of 21 criteria and 6 aspects.

3. The expert group was consisted of 5 professors, 10 senior managers
and 10 senior engineers who had more than 5 years of work or re-
search experience in Chinese automobile industry. Each expert was
required to fill out two questionnaires so as to generate the quali-
tative assessment matrix and the hesitant matrix, respectively.
Additionally, all the linguistic preference must be integrated with
the corresponding hesitancy index in order to convert them into
unified vague value in contrast with Table 1 in using Eq. (9). Table 3
presents the transferred vague set assessment matrix, taking the
interrelationship from C3 to C1 as an example, the detailed trans-
formation process is [0.7 — 0.7 = 0.3,0.7 + 0.7 = 0.5]
= [0.550,0.850].

4. Utilizing Egs. (10)-(17) to compute the profit ratio matrix. Then, the
aggregated matrix S can be obtained through aggregating all the
individual proration matrix in using Eq. (18), as shown in Table 4.

5. Once the aggregated profit ratio matrix is obtained, the decision
matrix can be derived and normalized by adopting Eq. (19) and Eq.
(20), respectively. The entropy weight is integrated to weight the
normalized decision matrix in employing Eq. (21). Subsequently,
using Eq. (22)-(26) to determine the positive ideal solution &* and
the negative ideal solution &~ to attain the overall performance
score of criteria and aspects, which can be found in Appendix B.

Cl6e > Cl11 > C4 > C9 > C18 > C21 > C8 > C20 > C1
> C5 >Cl4 > Cl2 > C6 > C7 > C2 > C3 > Cl13 > C19
> Cl10 > C17 > C15, similarly, the ranking order of 6 aspects
can be expressed as A5 > A3 > A2 > A6 > Al > A4. In
addition, Fig. 1 depicts the results of sensitivity analysis while
considering if includes the entropy weight calculated from social
media data into the proposed hybrid method. The result indicated
that there are four gaps existing in the criterion of C19, C17, C15,
C10 which is consistent with the evaluation result. Thus, this study
suggests that social media information can reveal the real situation
of performing SRM practice, as well as present a more balanced CS
development phenomenon among SRM criteria.

5. Implications
5.1. Theoretical implications

There is an obvious conflict between the economic growth and en-
vironmental protection in the industry when developing CS, because
firms often assume substitutability between economic and environ-
mental resources, and focus on relative efficiency gains, whereas largely
ignores the rebound effect (Heikkurinen and Bonnedahl, 2013; Fuchs
et al., 2015). The results show eco-efficiency can provide a trade-off
towards an overall improvement. The aspect of eco-efficiency (A5)
ranks first among all the aspects, referring that to reduce the con-
sumption on natural resources needs to depend on encouraging en-
vironmental innovation (C16) and redesigning the consumers' offer
(C18). Encouraging environmental innovation is important to achieving
highly efficient production technology and methods to improve CS
performance. Moreover, through encouraging environmental innova-
tion, the industry can have the capacity to address preservation of
natural resources, industrial efficiency and finally achieve the profit
improvement. Therefore, eco-efficiency can provide both environ-
mental and economic benefits through production efficiency.

Although social resource is argued as an inessential part in SRM
(Sanginga et al., 2003), this study supports Bouwen and Taillieu (2004)
that the social aspect presents great benefits to pursue CS through SRM
practice. Therein, organizing synergetic involvement (C9) entails the
alignment of multiple stakeholders” engagement with firms' CS
strategy, and long-term cooperative relationships between themselves
and investors in capital markets. Without organizing synergetic
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Table 3
Transferred vague set assessment under expert d;
C1 Cc2 Cc3 C19 C20 C21
Cl [ 1.000 1.000 ] [ 0500 0.500 ] [ 0150 0.450 ] [ 0900 0900 1] [ 0450 0.950 ] [ 0500 0.900 ]
Cc2 [ 0700 0.900 ] [ 1.000 1.000 ] [ 0250 0.750 ] [ 0500 0.500 ] [ 0250 0.750 ] [ 0250 0.350 ]
Cc3 [ 0550 0.850 ] [ 0100 0.200 ] [ 1.000 1.000 ] [ 0250 0750 1] [ 0100 0.100 ] [ 0100 0.600 ]
C4 [ 0200 0.400 ] [ 0350 0.650 ] [ 0500 0.900 ] [ 0700 0700 ] [ 0.050 0.550 ] [ 0250 0.350 ]
C5 [ 0250 0750 ] [ 0300 0.300 ] [ 0450 0.550 ] [ 0550 0.850 ] [ 0550 0.850 ] [ 0500 0.900 ]
Cc6 [ 0300 0300 ] [ 0700 0.900 ] [ 0800 0.900 ] [ 0150 0450 1] [ 0450 0.950 ] [ 0400 0.900 ]
Cc7 [ 0200 0.400 ] [ 0.050 0.550 ] [ 0500 0.500 ] [ 0400 0900 ] [ 0600 0.900 ] [ 0900 0.900 ]
Cc8 [ 0100 0.300 ] [ 0400 0.900 ] [ 0800 0.900 ] [ 0200 0400 ] [ 0150 0.450 ] [ 0600 0.900 ]
co [ 0100 0.500 ] [ 0550 0.850 ] [ 0250 0.350 ] [ 0500 0500 1] [ 0400 0.900 ] [ 0100 0.100 ]
Cl0 [ 0900 0.900 ] [ 0500 0.900 ] [ 0650 0.750 ] [ 0100 0500 1] [ 0250 0.750 ] [ 0.800 0.900 ]
Cl11 [ 0900 0.900 ] [ 0.050 0.550 ] [ 0500 0.900 ] [ 0250 0350 ] [ 0250 0.750 ] [ 0650 0.750 ]
C12 [ 0450 0950 1] [ 0.100 0.400 ] [ 0400 0.600 ] [ 0.400 0.900 ] [ 0400 0.600 ] [ 0500 0.900 ]
C13 [ 0500 0.900 ] [ 0400 0.900 ] [ 0100 0.500 ] [ 0500 0500 1] [ 0500 0.900 ] [ 0400 0.900 ]
Cl4 [ 0700 0.900 ] [ 0550 0.850 ] [ 0500 0.500 ] [ 0300 0700 1] [ 0400 0.900 ] [ 0700 0.700 ]
C15 [ 0300 0.300 1] [ 0600 0.900 ] [ 0900 0.900 ] [ 0550 0.850 ] [ 0250 0.350 ] [ 0900 0.900 ]
Cle [ 0450 0950 ] [ 0200 0.400 ] [ 0100 0.600 ] [ 0800 0900 1] [ 0100 0.600 ] [ 0700 0.900 ]
C17 [ 0900 0.900 ] [ 0100 0.400 ] [ 0700 0.900 ] [ 0200 0.400 ] [ 0500 0.900 ] [ 0500 0.900 ]
C18 [ 0500 0.500 ] [ 0700 0.900 ] [ 0100 0.400 ] [ 0450 0550 1] [ 0100 0.500 ] [ 0700 0.900 ]
C19 [ 0300 0.300 ] [ 0100 0.100 ] [ 0900 0.900 ] [ 1.000 1.000 ] [ 0100 0.300 ] [ 0300 0.300 ]
C20 [ 0.800 0.900 ] [ 0550 0.850 ] [ 0150 0.450 ] [ 0450 0950 ] [ 1.000 1.000 ] [ 0200 0.400 ]
C21 [ 0450 0950 ] [ 0450 0.950 ] [ 0500 0.900 ] [ 0900 0900 1] [ 0100 0.100 ] [ 1.000 1.000 ]

involvement to obtain social resource in SRM, the common interests
among stakeholders cannot reach a balanced situation, neither towards
a common CS goal. In addition, social collaboration and participation
among key stakeholders' can be established according to raising in-
stitutions' support and policy measures (C11). Institutional and political
support is the guarantee for the industry to utilize SRM towards CS. In
other words, firms' political resources and top managers' orientation
will significantly impact on firms' CS performance.

5.2. Practical implications

Encouraging environmental innovation (C16) reveals that firms
should make endeavor to develop more eco-friendly technologies.
Although many firms started to take the environmental innovation into
consideration of short-term business strategy, they neglected the long-
term benefit according to encouraging environmental innovation.

Table 4
The aggregated profit ratio matrix.

However, to achieve CS goal, firms need to transfer their business
strategy and product designed concept into corresponding SRM prac-
tice. Geely Automobile Group performed a shift from “low cost and high
quality” to “more safe, eco-friendly and energy-saving cars”. Also,
Geely Automobile Group invested efforts in research and development
process in terms of alternative fuels and fuel cells. The focal firm wit-
nessed all have a decent CS performance after the implementation of
the SRM practice of encouraging environmental innovation.
Redesigning the consumers' offer (C18) depends on firms to adopt
the dynamic strategy to grasp the trend in change of consumers' pre-
ferences according to the dynamic market change. During the infancy
stage, the Chinese automobile industry put more attention on lowing
the cost and acquiring maximum profit under limited resources, yet it is
currently transiting to strategies with customer-orientation for ob-
taining more precise decision. For instance, the Great Wall decided to
redesign the customers' offer and begun to launch a fashion and sports

Cl

C2

Cc3

C4

C5

Cc6

Cc7

c8

C9

C10

C11

C12

C13

C14

C15

C16

C17

C18

C19

C20

C21

C1
Cc2
Cc3
C4
C5
Cc6
Cc7
c8
Cco
C10
Cl1
C12
C13
Cl14
C15

C17

0.951
0.386
0.440
0.515
0.482
0.503
0.441
0.462
0.497
0.547
0.582
0.546
0.554
0.486
0.364
0.529
0.402
0.445
0.433
0.469
0.465

0.458
0.942
0.373
0.484
0.456
0.415
0.394
0.462
0.573
0.443
0.528
0.485
0.511
0.511
0.374
0.531
0.480
0.459
0.464
0.437
0.461

0.463
0.411
0.938
0.468
0.453
0.543
0.452
0.549
0.539
0.496
0.513
0.495
0.487
0.480
0.419
0.546
0.459
0.493
0.444
0.387
0.499

0.503
0.420
0.498
0.954
0.492
0.417
0.377
0.462
0.465
0.488
0.586
0.528
0.446
0.476
0.412
0.485
0.491
0.508
0.433
0.378
0.386

0.510
0.422
0.451
0.461
0.954
0.496
0.380
0.441
0.566
0.459
0.505
0.550
0.545
0.423
0.347
0.470
0.412
0.453
0.465
0.447
0.414

0.470
0.562
0.432
0.521
0.461
0.945
0.422
0.474
0.527
0.497
0.565
0.513
0.522
0.501
0.419
0.497
0.474
0.475
0.464
0.409
0.501

0.450
0.449
0.349
0.467
0.460
0.463
0.937
0.487
0.509
0.408
0.518
0.544
0.441
0.515
0.372
0.486
0.438
0.464
0.406
0.469
0.467

0.510
0.450
0.467
0.482
0.495
0.465
0.414
0.950
0.513
0.462
0.514
0.527
0.537
0.476
0.461
0.563
0.408
0.549
0.478
0.431
0.432

0.493
0.442
0.423
0.502
0.443
0.451
0.396
0.452
0.963
0.421
0.552
0.513
0.573
0.499
0.401
0.496
0.465
0.536
0.358
0.454
0.415

0.560
0.489
0.420
0.496
0.492
0.458
0.425
0.452
0.572
0.947
0.553
0.519
0.531
0.442
0.382
0.542
0.374
0.495
0.475
0.375
0.486

0.486
0.467
0.451
0.505
0.401
0.505
0.419
0.459
0.498
0.491
0.970
0.478
0.422
0.533
0.349
0.517
0.501
0.462
0.418
0.487
0.387

0.468
0.523
0.434
0.479
0.522
0.457
0.416
0.422
0.514
0.421
0.543
0.963
0.503
0.448
0.402
0.519
0.453
0.455
0.375
0.407
0.482

0.439
0.410
0.482
0.504
0.514
0.482
0.466
0.473
0.514
0.487
0.462
0.537
0.950
0.516
0.453
0.502
0.474
0.500
0.406
0.437
0.530

0.439
0.490
0.397
0.512
0.540
0.442
0.475
0.438
0.511
0.456
0.541
0.517
0.495
0.951
0.426
0.478
0.435
0.445
0.429
0.407
0.429

0.486
0.460
0.436
0.434
0.473
0.454
0.388
0.464
0.466
0.459
0.526
0.510
0.525
0.499
0.927
0.518
0.495
0.469
0.536
0.475
0.496

0.485
0.433
0.393
0.508
0.424
0.471
0.455
0.417
0.518
0.476
0.507
0.537
0.486
0.488
0.426
0.962
0.412
0.437
0.472
0.408
0.397

0.484
0.443
0.508
0.476
0.457
0.464
0.474
0.461
0.575
0.419
0.535
0.592
0.453
0.539
0.362
0.534
0.941
0.530
0.498
0.466
0.487

0.492
0.426
0.424
0.460
0.472
0.584
0.438
0.554
0.537
0.459
0.494
0.515
0.503
0.449
0.423
0.463
0.416
0.949
0.399
0.383
0.462

0.588
0.479
0.386
0.495
0.527
0.437
0.478
0.473
0.508
0.519
0.556
0.574
0.426
0.422
0.395
0.550
0.496
0.480
0.940
0.500
0.458

0.489
0.515
0.447
0.483
0.542
0.530
0.473
0.483
0.488
0.419
0.503
0.503
0.509
0.486
0.321
0.494
0.474
0.474
0.469
0.935
0.441

0.526
0.432
0.459
0.474
0.482
0.478
0.490
0.540
0.477
0.462
0.565
0.539
0.530
0.516
0.462
0.547
0.424
0.471
0.398
0.353
0.946
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Fig. 1. The result of sensitivity analysis.

car model under SRM concept, resulting in the selling of the new model
reaching over 10 thousand in several months. Accordingly, when cus-
tomers present a desire for sustainable production, firms should adjust
and redesign the customers' offer with the purpose of adapting to the
new and real market situation.

Raising institution's support and policy measures (11) played a
significant role in improving CS performance for Chinese automobile
industry. In prior literature, the importance of institutional support and
government-support measures in stimulating technological innovation
was researched extensively (Veblen, 1915; Nelson, 2008). Lundvall
(1992) also emphasized the embedding organizations and institutions
can actively advance the role of research and development in each in-
dustry. This study has found the similar conclusion in the Chinese au-
tomobile industry. For example, in response to the policy of energy-
saving and emission-reduction, Chery has undertaken many national
key researches and development tasks of new energy technology, and
consequently achieved a profit increase of 35.7% in 2017. This evi-
dence prove that the institution's support and policy can push firms
towards CS goal.

Moreover, one of the goals of SRM is to promote resource and en-
ergy optimization, better infrastructure, and access to basic amenities,
green environment through organizing synergetic involvement (C9).
Organizing synergetic involvement implies firms should align stake-
holders' engagement with a firm's CS target. In the real situation, firms
always seek more involvement or alliances among stakeholders' in
supply chain networks, for instance, China First Automobile Group
(FAW) always aims at protecting and aligning its stakeholders, which
has re-established it as the distributor support department to support
distributors. Furthermore, existed literature has clearly suggested that
synergetic involvement among stakeholders' is essential to improve CS
performance (Bocken et al., 2014; Schoenherr and Speier-Pero, 2015).
Thus, firms should carefully maintain long term relationships between
firms and key stakeholders, and align them with the CS target.

6. Conclusions

The findings reveal that with the integration of eco-efficiency, socio-
environmental and socio-economic aspects into the TBL hierarchy, the

new framework provides a more comprehensive consideration of CS
than previous discussions. Chinese automobile firms that want to ac-
quire the long-term benefit and attain the competitive advantage need
to launch the SRM practice of encouraging environmental innovation,
which can effectively and efficiently help firms develop a more en-
vironment-friendly technology and methods. In addition, the SRM
practice of redesigning the consumers' offer can enable firms to meet
the dynamic consumers' demand in time. The result also indicates that
raising institutions' support and policy measures plays a crucial role in
stimulating R&D activities, which can obtain positive performance in-
ternally and externally. Finally, firms adopt SRM practice of organizing
synergetic involvement with the purpose of aligning stakeholders' en-
gagement with CS goal, and synergetic involvement can function on CS
and decision-making process significantly.

This study presents three main contributions as follows: (1) it pro-
vides a theoretical contribution through collecting SRM measures/
practices from previous literature and establish a comprehensive fra-
mework between SRM and CS. Thereinto, eco-efficiency, socio-en-
vironmental and socio-economic aspects were proposed to supplement
TBL. (2) it provides a methodological contribution by integrating VS
theory and TOPSIS method to study the interrelationship between SRM
and CS, as well as gathering social media information and transfers
them into corresponding entropy weight and make an improvement to
efficiently reduce time consumption of decision making. Additionally,
the result of sensitivity analysis shows that the integration with social
media data can help effectively eliminate the subjective judgement, as
well as identify practical gaps in real situation. (3) the obtained ana-
lytical results in this study can help decision-makers to select the de-
cisive SRM practice which can be used to provide precise guidelines for
Chinese automobile industry towards CS goal.

This study has several limitations that need future studies to over-
come. First, the selected 21 SRM practices may not enough to reveal the
real situation, thus future study may require taking more proper SRM
practices into account. Moreover, this study proposed VS-TOPSIS to
measure the geometric interrelationship among alternatives, while the
causal relationship cannot be reflected. Hence, future study may need
to consider further modifying this method.
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Appendix A. The entropy weight of focal firms based on 21 criteria and 6 aspects

Geely Automobile Group Great Wall Motor Company Limited Chery Automobile Co., Ltd. China First Automobile Group Co., Ltd Total
Al 0.1646 0.1597 0.1729 0.1724 0.1683
A2 0.1768 0.1623 0.1618 0.1652 0.1670
A3 0.1638 0.1629 0.1747 0.1651 0.1643
A4 0.1639 0.1737 0.1628 0.1657 0.1654
A5 0.1668 0.1783 0.1615 0.1649 0.1702
A6 0.1641 0.1631 0.1664 0.1668 0.1648
C1 0.0502 0.0470 0.0473 0.0473 0.0478
c2 0.0467 0.0474 0.0467 0.0466 0.0475
C3 0.0460 0.0465 0.0469 0.0516 0.0476
C4 0.0464 0.0469 0.0480 0.0488 0.0458
C5 0.0507 0.0463 0.0471 0.0466 0.0480
C6 0.0509 0.0469 0.0520 0.0465 0.0477
Cc7 0.0458 0.0520 0.0468 0.0466 0.0490
c8 0.0475 0.0463 0.0470 0.0525 0.0476
c9 0.0485 0.0463 0.0488 0.0465 0.0473
C10 0.0455 0.0512 0.0471 0.0465 0.0472
Cl11 0.0457 0.0477 0.0467 0.0471 0.0477
C12 0.0463 0.0463 0.0491 0.0465 0.0473
C13 0.0457 0.0490 0.0470 0.0480 0.0477
C14 0.0459 0.0463 0.0472 0.0474 0.0469
C15 0.0497 0.0463 0.0479 0.0466 0.0480
C16 0.0468 0.0506 0.0467 0.0465 0.0487
C17 0.0457 0.0507 0.0473 0.0467 0.0477
C18 0.0483 0.0464 0.0468 0.0514 0.0475
C19 0.0473 0.0464 0.0471 0.0465 0.0477
C20 0.0486 0.0476 0.0490 0.0473 0.0480
Cc21 0.0516 0.0463 0.0474 0.0465 0.0474

Appendix B. The overall performance score of 21 criteria and 6 aspects

&t & RC; Ranking
Al 0.389 0.493 0.559 5
A2 0.414 0.528 0.560 3
A3 0.408 0.522 0.561 2
A4 0.411 0.520 0.559 6
A5 0.473 0.606 0.561 1
A6 0.380 0.484 0.560 4
C1 0.220 0.256 0.538 9
Cc2 0.220 0.240 0.522 15
Cc3 0.206 0.222 0.518 16
C4 0.188 0.259 0.579 3
Cc5 0.223 0.256 0.535 10
Cc6 0.222 0.245 0.525 13
Cc7 0.209 0.230 0.523 14
Cc8 0.197 0.244 0.553 7
c9 0.208 0.281 0.575 4
C10 0.245 0.240 0.495 19
Cl11 0.205 0.293 0.588 2
C12 0.256 0.287 0.528 12
C13 0.250 0.263 0.514 17
Cl14 0.227 0.258 0.532 11
C15 0.223 0.204 0.478 21
C16 0.173 0.279 0.618 1
C17 0.243 0.227 0.483 20
C18 0.193 0.253 0.567 5
C19 0.217 0.223 0.507 18
C20 0.189 0.220 0.538 8
C21 0.188 0.233 0.554 6
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