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Abstract. Assessing the sustainability issues of the green energy companies is a multiple crite-
rion decision that includes both quantitative and qualitative elements. The sustainability-balanced 
scorecard (SBSC) for sustainability evaluation is more difficult than an internal evaluation and it 
requires more serious investigation in the green energy companies. This paper objectives to mix 
this sustainability evaluation and use fuzzy information with the SBSC. The study presents a fuzzy 
DEMATEL (decision-making trial and evaluation laboratory) method to develop an assessment 
model that integrates triangular fuzzy numbers, and DEMATEL to develop a fuzzy assessment, 
which prioritizes the relative influence of SBSC for green energy companies’ elements. First, this 
paper conducts a literature review on SBSC regarding sustainability issues to generate 15 elements 
with five aspects, which are used to measure the sustainability assessment. Next, fuzzy DEMA-
TEL is employed to manage the uncertain linguistic terms, then to set up an influential network 
relationship map (INRM). This suggested model provides a structure for the related green energy 
companies to select the evaluation method and could arrange the sustainability approach accord-
ing to future competitive pressure. The result shows that environmental aspect is the most direct 
effect and social aspect is the most important effect aspect to the other aspects.

Keywords: sustainability, sustainability-balanced scorecard (SBSC), green energy companies, in-
fluential network relationship map.

JEL Classification: C02, C60, D22, D81, O21, Q40.

Introduction

Within the past decade, numerous energy companies have been paying more attention to 
environmental issues because of deteriorating environmental pollution. In the meantime, 
increasing the demands of customer for eco-friendly products demonstrates the positive 
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attitude to green energy products or brands (Guo et al., 2017). In recent years, owing to en-
vironmental pollution issues, the renewable electricity in Taiwan was getting more and more. 
Taiwan to boost renewable energy to 20% by 2025. While Taiwan is still far from a sustainable 
electricity supply, relying heavily on nuclear (12.7%), natural-gas (21.4%) and coal (43.3%) 
(Chung, 2021), so far, Taiwan has developing in growing novel capacity, particularly in the 
wind power sector. The total capacity of wind energy in Taiwan amounted to approximately 
854 megawatts in 2020, an increase from around 845 megawatts in the previous year. How-
ever, the sustainability for the green energy is a critical issue.

Assessment of the green energy companies are also a complicated issue and there are vari-
ous ways to approach the sustainability problem in the green energy companies. As the mar-
ket has developed, it has reformed its sustainability policies, and its sustainability assessment 
has transformed the rapid enlargement of the green energy industry (Prashar, 2019). The in-
ternational competition in green services has become more intense, and numerous countries 
have enthusiastically invested in efforts to maintain their competitiveness in the green energy 
companies. In order to adjust to the global competition, the managers of firms must enhance 
the value of its green energy companies. Sustainability assessment and administration have 
become the focus in the recent decade, and examples include the overview of methods, for 
example, the sustainability-balanced scorecard (SBSC), to enhance these competitiveness of 
business (Lu et al., 2018; Tsai et al., 2020; Chang et al., 2021b). The green energy companies 
should learn from other business in these regards. There is a requirement to have a series 
of sustainability management tools to build green standards and objectives, and to increase 
the competitiveness of green energy companies in globalized surroundings (Lu et al., 2020). 
These are the pressing imperatives for green energy companies, especially in Taiwan.

There have few studies to the enhancement of the SBSC in assessment of the green en-
ergy companies’ activities. However, involving the subjects of SBSC to estimate sustainability 
in green energy companies have not been addressed via previous investigations. The SBSC 
context is useful to determine the initial estimation elements for the green energy indus-
tries’ sustainability in the research. This includes many aspects, such as “social”, “growth and 
learning”, “environmental”, “internal process”, and financial”, aspects. Therefore, the initial 
elements followed the SBSC is able to largely plan and enhance the green energy companies’ 
sustainability performances.

Furthermore, this integrated multiple criteria decision-making (MCDM) method is this 
approach used to consider assessment elements over a set of detailed inspections with gov-
ernable observation views. The integrated technique is able to conquer questions of ambiguity 
this issue of symmetry, and ambiguity in professionals’ yield and replies the most consistent 
agreement comments regarding the assessment elements (Chang et al., 2021a). Obviously, the 
execution of sustainability assessments for green energy companies consist of various factors, 
thus implying an issue of MCDM. Lately, numerous studies have been presented to solve 
these issues of many industries, for example, balanced scorecard method, lean energy-saving 
and emission-reduction (LESER), DEA (data envelopment analysis), DANP (DEMATEL-
based ANP), and KPI (key performance indicator) (Dinçer et al., 2017; Cai et al., 2019; Olfat 
et al., 2016; Gupta et al., 2016; Rezaei et al., 2017; Wang et al., 2020; Pandey, 2016).

Hence, this paper aims at understanding the drivers and dynamics behind this assess-
ment for sustainability, according to the concepts of the SBSC, and uses fuzzy mathematics, 
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the concept of symmetry, and fuzzy DEMATEL, which is a verified method for collecting 
the opinions of specialists and determining reliable outcomes. And, this study applied the 
integrated fuzzy theory and DEMATEL method to study the feedback and interdependent 
issues among various aspects/elements of sustainability, and to propose the best improvement 
strategies for administrators to attain value in the green energy companies. Applying the 
fuzzy DEMATEL method can measure the approaches of sustainability, which is more reli-
able than measuring according to perception. When specialists fill out questionnaires, their 
preferences and opinions are difficult to quantify; hence, this study used fuzzy set theory to 
settle actual life fuzzy issues, and quantified human language based on these triangular fuzzy 
numbers, which is able to efficiently handle the fuzziness of expressing/thinking the prefer-
ences of decision makers (Zadeh, 1965). Next, the DEMATEL of fuzzy method is practical to 
create a fuzzy influence network relations map (FINRM) that is used to explain the elements 
of network influence related to sustainability (Lu et al., 2018, 2020).

These contributions of the research are threefold, as follows. Primary, fewer significant 
aspects are positively measured in a sustainability assessment with the SBSC framework in 
the green energy companies. Second, the sustainability approach with SBSC is applied to 
assess the significance values, which are transformed into the final priority according to the 
influence network. Third, the mixture method is formulated to determine the relationships 
of interdependence, and yield a hierarchic structure according to the aspects and elements of 
SBSC. Moreover, this pattern could be used in numerous areas of life with different results, 
and the conclusions could assistance in developing actual SBSC events tailored to objective 
issues. Another option to extend the proposed method would be to standardize pairs or 
groups of SBSC options to build patterns that are more advantageous, and such an approach 
can enhance growth.

The remainder of this study is organized as next: we identify the sustainability aspects/
elements in Section 1, and describe the detailed methodologies, including the fuzzy theory; 
Fuzzy DEMATEL are applied in Section 2; it illustrates a case study in Section 3; conclusions 
are presented in the last Section.

1. Literature review

Sustainability assessments are applied to analytically evaluate the actions of the green energy 
companies, and are intended to attain a certain objective. As sustainability assessments are 
developed as part of the management and control system of the green companies, they could 
efficiently estimate the sustainability performances and practices of capital connected to their 
intention (Lu et al., 2020). The BSC (balanced scorecard), which is intended to improve the 
commercial performance assessment structure, was initially presented by Kaplan and Norton 
(2005). The approach was presented due to the weaknesses of the traditional performance 
assessment, which over emphasized the existing structure parameters of finance, while other 
viewpoints were ignored, and neither are holistic or valid for comprehensive assessment 
procedures (Lu et al., 2018).

The issues of sustainability include all economic, environmental, and social aspects. Nu-
merous researchers discuss the difficulty in aligning problems of sustainability through fi-
nancial performances (Hansen & Schaltegger, 2016; Hristov et  al., 2019) and the lacking 
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consideration for the nonfinancial and leading factors (Hristov et al., 2019; Duman et al., 
2018). In addition, the insufficiency of combination between firm strategy and sustainability 
challenges does not agree sufficient attention of the fields in the firm’s objectives. The enor-
mous diversity and variety of social dimensions and this deficiency of a general foundation, 
it is very hard to reach a complete arrangement of social dimensions. For adapting the BSC 
by value conception of sustainability, it needs to classify ways to manage and overcome the 
serious dimensions. Hence, in the SBSC, the configuration of sustainability subjects through 
the performances of finance is merely involved. This SBSC could be a valuable method for the 
adoption of corporate plans where industries search to leverage and identify the potential of 
social and environmental administration that pays off finance (Gao & Bansal, 2013; Lu et al., 
2018). Furthermore, SBSC does not deem the challenges of sustainability which don’t meet 
by a corporations’ strategic, the acuteness of these sustainability challenges or irrespective 
of ethical thoughts. The monitoring, choice, and usage of the qualitative/quantitative factors 
on the SBSC aspects are not premeditated effectively to mix the challenges of sustainability 
into the firm plan.

Therefore, some authors which using the SBSC were determined to solve the shortcom-
ings of the original BSC, as it incorporates sustainability, social, and environmental frame-
works, which is imitative since this traditional BSC (Tsai et al., 2020). As an approach to as-
sess and judge the performance of business, the BSC method draws up a hierarchic structure 
of strategic objectives according to four key aspects: internal process, financial, growth and 
learning, and customers. While the holistic evaluation model mixes intangible and physical 
resources to build a relationship among dissimilar elements, sustainability, environmental, 
and social aspects tend to be neglected. Therefore, the SBSC approach is proposed to evaluate 
the strategy of the green energy companies after integrating the parameters associated with 
sustainability. In addition, SBSC can discover the strategic environment and social objects 
of an enterprise and enhance the value and performance through social and environmental 
viewpoints (Lu et al., 2018). Some studies have proposed SBSC as a method to improve the 
strategies of managerial and corporate responsibility (Tsalis et al., 2013; Tsai et al., 2020). 
Others had applied this SBSC framework to determine useful strategy which integrate eco-
nomic, social, and environmental viewpoints into an amalgamated architecture for assess-
ment of sustainable development (Lu et al., 2020).

Due to the sustainable development and competitiveness of the green energy companies, 
it is suitable to apply the SBSC to inspect performance according to sustainability perspec-
tives. By integrating the theory of sustainability, the primary elements for the SBSC perfor-
mance assessment of the green energy companies involve social, growth and learning, envi-
ronmental issues, internal processes, and financial aspects. This study conducted literature 
review and interviews with specialists to determine the elements of sustainability to apply in 
the assessment process, and 15 elements affecting sustainability were determined, which are 
assembled into 5 SBSC aspects: social, growth and learning, environmental, internal business 
processes, and financial (see Table 1). Then, this study classified the assessment elements into 
a hierarchical structure for the sustainability assessment via the green energy companies. 
Due to its inclusive technique for creating and investigating a basic pattern relating causal 
associations between multiple viewpoints (Liou et al., 2019; Wang et al., 2020), this research 
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implements the fuzzy DEMATEL approach to explain the associations among the numerous 
evaluation aspects, and builds the connections between the elements and aspects to construct 
a fuzzy influence network relations map (Lu et al., 2020). This method has been effectively 
used in numerous studies, such as RFID adoption, business-to-business m-commerce, and 
electronic health record adoption (Lu et al., 2013, 2015; Liou et al., 2017).

The elements for assessing sustainability are designated according to the literature review 
of the sustainability balanced scorecard (Lu et  al., 2018; Na et  al., 2020), brain storming, 
expert opinions, and interviews with managers in the green energy companies, as illustrated 
in Table 1.

Table 1. Clarification of aspects and elements

Aspects / Elements Descriptions

Social aspect (A1)
Customer relationship  
management (e1)

Managing the relations with customer to enhance customer 
satisfaction and loyalty

Job security for employees (e2) Creating a friendly and safe work environment for employees

Society impact (e3) Reducing the degree of public health influences, and provid-
ing assistance for community development or educational 
institutions plans

Growth and Learning aspect (A2)
Enhancing the employee skills (e4) Employee professional ability knowledge, and skills in oper-

ating a green energy companies
Employee education (e5) Carry out employee education and training to improve their 

quality
Research & development (e6) A number of scientific works and patents for research & de-

velopment in the green energy companies
Environmental aspect (A3)

Preventing and monitoring noise (e7) Monitoring and preventing noise in green energy companies

Carbon emission reduction and en-
ergy conservation (e8)

Energy conservation and carbon emission reduction and with 
using green supply chains in the green energy companies

Environmental policy (e9) To strengthen natural resources and environmental protec-
tion activities, or appropriate environmental certifications

Internal process aspect (A4)

Improved efficiency (e10) Provide products or services to customers in a timely and 
efficient manner in green energy companies

Employee productivity (e11) Service or product produced by each employee

Risk management (e12) Number of identified risks to number of managed risks

Financial aspect (A5)

Net profit ratio (e13) Current period net profit/Revenue income

Return on investment (e14) Current period net income or loss/investment amount

Transparency of finance (e15) Reliable disclosures that are meaningful and timely regarding 
the finances and performances of green energy companies
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2. Methods

To deal with uncertainty/fuzzy of human assessment, the fuzzy approach is combined by DE-
MATEL. 5 linguistic terms are applied to assign a number to the influence of an unambigu-
ous element on the relevant feature, as listed in Table 2. Linguistic information is understood 
into a fuzzy linguistic scale. These fuzzy assessments are defuzzified and aggregated as a crisp 
number via using linguistic info to varied fuzzy numbers so that the crisp number might be 
measured (Lu et al., 2020).

Table 2. Values incorporated to the fuzzy triangle linguistic terms

Linguistic terms Fuzzy triangle numbers Corresponding numbers

No influence (No) (0.00, 0.00, 0.25) 0
Very low influence (VL) (0.00, 0.25, 0.50) 1
Low influence (L) (0.25, 0.50, 0.75) 2
High influence (H) (0.50, 0.75, 1.00) 3
Very high influence (VH) (0.75, 1.00, 1.00) 4

The development of fuzzy theory is aimed at studying uncertain, incomplete, or am-
biguous information, usually via applying the linguistic variables to convert the crisp values 
into corresponding fuzzy membership functions (e.g. triangular fuzzy numbers, which have 
minimum, intermediate and maximum values). Each specialist’s view thus has a set of cor-
responding assessment fuzzy numbers (Yucesan & Gul, 2020; Lu et al., 2020). Grey theory 
also measures uncertainty which generates a set of interval type values, with upper and lower 
bounds. The grey interval describes the range covered by the expressed information (Par-
kouhi et al., 2019). However, the grey numbers only consider the possible upper and lower 
bounds of the information, unlike the fuzzy numbers, which have a “intermediate value” 
parameter. In addition, the rough number technique is applied to integrate the opinions of 
many experts. Experts evaluating an object or concept, will not usually assign it the same 
value. Hence, numerous researches use rough number technique to convert the judgments 
of a group of specialists into a set of rough numbers (with rough upper and lower bounds). 
The rough number is thus an aggregation of individual observations and preferences which 
overcomes the shortcomings of using the arithmetic mean technique in the decision-making 
procedure. Nevertheless, the rough number technique is not to explore the problem of infor-
mation uncertainty (Qi et al., 2020; Liou et al., 2019). Therefore, in this study, we used the 
fuzzy theory combined the DEMATEL technique as our research’s approach.

The fuzzy DEMATEL technique is recognized as an appropriate method for investigating 
the problems related to sustainability for the green energy companies, and can be used as 
an orientation method for managers to improve the sustainability of individually elements. 
Fuzzy DEMATEL is a systematic method that is able to resolve multifaceted problems as-
sociated the theories of mathematics and exploits a matrix to investigate the effect and cause 
of individual elements. Combined with the fuzzy theory, and DEMATEL, which is able to 
be used to explain the relationships between elements by assigning numbers to the linguistic 
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terms of natural language (Lu et al., 2020; Hu et al., 2015). This technique is applied to create 
a matrix of total influence relationsships and to probe the cause and effect of the interrela-
tions among parameters, as derived by dissimilar aspects and elements. This development in 
existing modeling is a shift through ranking and choice to improve sustainability according to 
the fuzzy INRM (Hu et al., 2015; Lu et al., 2020; Petrovic & Kankaras, 2020). The information 
of the fuzzy DEMATEL steps is shown, as next.

Step 1. Express direct influence matrix with fuzzy numbers.
Following these alternated fuzzy numbers of experts’ perspective via linguistics from 

natural language, then, the direct influence of element i on element j is able to be indicated 
as fuzzy scores = ( , , )ij ij ij ijB w y z . The direct relations matrix × ×

 =  [ ] ( , , )ij n n ij ij ij n n
B w y z B =  

can be obtained (Lu et al., 2020; Hu et al., 2015).
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Step 4. Exploring the outcomes.
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where d  & v  vectors individually definite the sum of the columns and rows through the ma-
trix ×= [ ]ij n np

P of total influence, and the application of the superscript denotes transpose.

3. Empirical case analysis

The case study of this study focused on the green energy companies in Taiwan to determine 
this application of the proposed fuzzy DEMATEL typical by objectively assessing and select-
ing the best methods. This technique facilitates the efforts of managers to better deal with 
sustainability topics and to understand values extracted for dissimilar aspects and elements.

3.1. Data collection

These statistics were compiled via 12 experts regarding the issues of sustainability in green 
energy companies and per one has at least fifteen years of working experience. These back-
ground info of the specialists is showed as Table 3. This consensus of statistical significance 
confidence is 95.280%, which is greater than 95%, thus, this gap error is 4.720%, which is 
less than 5%. The observations of the specialists regarding all aspects were collected via 
individual interviews and a survey, which were executed in the end of 2020, and required 
40–50 minutes per topic.



Technological and Economic Development of Economy, 2022, 28(2): 483–499 491

3.2. Creating the FINRM via the fuzzy DEMATEL technique

The investigation recognized the fuzzy DEMATEL estimation structure and investigated the 
sustainability strategies in the green energy companies, as according to 15 elements and 
five aspects. The elements and aspects for the total influence matrix, as showed in Table 4 
to Table 5, was acquired using expert surveys. Specialists’ opinions of the five aspects were 
composed, and the relations between the ranges of effect were identified as related to the 
other aspects. It presented in Table 6. According to net influence − d v , the environmental 
aspect (A3) is the most direct effect the other aspects, and financial aspect (A5) is the most 
vulnerable to influence. And the total influence prominence + d v , the financial aspect (A5) 
has the smallest effect; by contrast, the social aspect (A1) has the most important influence 
on the strength of the relations.

Table 7 lists the relationships among the degree of the indirect or direct assessments, as 
well as the influences relative to other factors. Employee education (e5) is the most impor-
tant element for management consideration; transparency of finance (e15) has the smallest 
influence on the other elements. Table 7 also displays which environmental policy (e9) has 
the strongest influence on other elements, and the transparency of finance (e15) is the most 
influenced by other elements.

Table 4. The sum of effects on aspects with fuzzy number and defuzzication

Aspects (A1) (A2) (A3) (A4) (A5)

Social aspect (A1) 0.29 (0.15, 
0.22, 0.49)

0.30 (0.17, 
0.24, 0.51)

0.29 (0.16, 
0.23, 0.49)

0.29 (0.16, 
0.23, 0.49)

0.32 (0.19, 
0.26, 0.52)

Growth and Learning aspect (A2) 0.30 (0.16, 
0.24, 0.50)

0.28 (0.15, 
0.22, 0.47)

0.28 (0.15, 
0.22, 0.50)

0.29 (0.16, 
0.23, 0.48)

0.32 (0.19, 
0.26, 0.51)

Environmental aspect (A3) 0.32 (0.18, 
0.25, 0.52)

0.31 (0.18, 
0.25, 0.51)

0.28 (0.15, 
0.22, 0.52)

0.30 (0.18, 
0.24, 0.49)

0.33 (0.20, 
0.27, 0.53)

Internal process aspect (A4) 0.31 (0.17, 
0.24, 0.50)

0.30 (0.17, 
0.24, 0.50)

0.29 (0.16, 
0.23, 0.50)

0.27 (0.15, 
0.21, 0.46)

0.31 (0.18, 
0.25, 0.51)

Financial aspect (A5) 0.15 (0.03, 
0.10, 0.30)

0.14 (0.03, 
0.09, 0.30)

0.14 (0.03, 
0.09, 0.30)

0.13 (0.03, 
0.08, 0.28)

0.14 (0.04, 
0.10, 0.30)

Table 3. These specialists’ background info

Category Number of specialists

Working Level
Top managers in green energy companies
Investigators in related companies

9
3

Education Level
Bachelor
Master
Ph.D.

4
5
3

Working experiences
Between 15 and 19 years
More than 20 years

5
7
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Table 6. Total influence prominence and net influence with fuzzy number and defuzzication

Aspects 

xd xv + d v − d v
Social aspect (A1) 1.50 (0.83, 

1.17, 2.51)
1.36 (0.71, 
1.06, 2.32)

2.87 (1.54, 
2.23, 4.83)

0.14 (0.12, 
0.12, 0.19)

Growth and Learning aspect (A2) 1.47 (0.81, 
1.16, 2.44)

1.34 (0.70, 
1.03, 2.29)

2.81 (1.51, 
2.19, 4.73)

0.13 (0.12, 
0.13, 0.14)

Environmental aspect (A3) 1.55 (0.89, 
1.23, 2.52)

1.29 (0.65, 
0.99, 2.22)

2.83 (1.54, 
2.22, 4.74)

0.26 (0.24, 
0.24, 0.30)

Internal process aspect (A4) 1.49 (0.83, 
1.17, 2.46)

1.29 (0.68, 
0.99, 2.19)

2.77 (1.51, 
2.15, 4.65)

0.20 (0.15, 
0.18, 0.26)

Financial aspect (A5) 0.69 (0.16, 
0.46, 1.46)

1.43 (0.79, 
1.13, 2.36)

2.12 (0.95, 
1.59, 3.82)

–0.73 (–0.63, 
–0.67, –0.90)

Table 7. sum of effects of each element with fuzzy number

A/E 

xd xv + d v − d v
Social aspect (A1)

(e1) 4.693 (2.735, 3.757, 7.586) 4.141 (2.170, 3.211, 7.042) 8.834 (4.904, 6.968, 14.629) 0.551 (0.565, 0.545, 0.544)

(e2) 4.562 (2.512, 3.543, 7.629) 4.012 (2.075, 3.103, 6.856) 8.573 (4.588, 6.647, 14.485) 0.550 (0.437, 0.440, 0.772)

(e3) 4.278 (2.223, 3.260, 7.352) 4.103 (2.149, 3.193, 6.966) 8.381 (4.372, 6.453, 14.317) 0.175 (0.074, 0.667, 0.386)

Growth and Learning aspect (A2)
(e4) 4.725 (2.738, 3.757, 7.679) 3.979 (2.120, 3.096, 6.720) 8.704 (4.858, 6.854, 14.400) 0.746 (0.618, 0.661, 0.959)

(e5) 4.944 (3.036, 4.036, 7.760) 3.968 (1.983, 2.986, 6.935) 8.912 (5.018, 7.022, 14.696) 0.976 (1.053, 1.050, 0.825)

(e6) 3.560 (1.553, 2.638, 6.490) 4.125 (2.187, 3.209, 6.980) 7.686 (3.740, 5.847, 13.470) –0.565 (–0.634, –0.571, –0.490)

Environmental aspect (A3)
(e7) 4.838 (2.893, 3.901, 7.720) 3.888 (1.922, 2.974, 6.767) 8.726 (4.815, 6.875, 14.400) 0.950 (0.971, 0.927, 0.952)

(e8) 4.493 (2.409, 3.435, 7.634) 4.114 (2.187, 3.231, 6.925) 8.607 (4.596, 6.666, 14.696) 0.378 (0.222, 0.203, 0.709)

(e9) 4.592 (2.703, 3.710, 7.362) 3.578 (1.741, 2.700, 6.292) 8.169 (4.444, 6.410, 13.470) 1.014 (0.961, 1.010, 1.070)

Internal process aspect (A4)
(e10) 4.774 (2.869, 3.856, 7.599) 3.794 (1.942, 2.871, 6.568) 8.568 (4.811, 6.726, 14.167) 0.981 (0.927, 0.985, 1.030)

(e11) 4.662 (2.659, 3.688, 7.637) 3.762 (1.964, 2.890, 6.432) 8.424 (4.623, 6.578, 14.070) 0.899 (0.696, 0.797, 1.205)

(e12) 3.940 (1.946, 2.980, 6.893) 4.013 (2.179, 3.108, 6.752) 7.953 (4.126, 6.088, 13.645) –0.073 (–0.233, –0.128, 0.142)

Financial aspect (A5)
(e13) 2.499 (0.695, 1.769, 5.031) 4.345 (2.415, 3.424, 7.194) 6.843 (3.111, 5.193, 12.226) –1.846 (–1.720, –1.655, –2.163)

(e14) 2.023 (0.396, 1.342, 4.332) 4.194 (2.331, 3.298, 6.952) 6.217 (2.726, 4.640, 11.284) –2.170 (–1.935, –1.956, –2.620)

(e15) 1.729 (0.375, 1.035, 3.778) 4.296 (2.377, 3.411, 7.099) 6.025 (2.752, 4.446, 10.876) –2.567 (–2.002, –2.376, –3.321)

According to the offered fuzzy DEMATEL model, the research recognizes the interrela-
tions among the various elements and aspects via using the FINRM. Figure 1 shows that 
environmental aspect (A3) effects other aspects, specifically, the internal process aspect (A4), 
social aspect (A1), growth and learning aspect (A2), and financial aspects (A5); and environ-
mental aspect (A3) reveals an important representative, and has the strongest effect on the 
others within the SBSC framework.
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After exploring dissimilar aspects, this study states the elements considered by separate 
aspects. According to these results, Figure 1 presents the influence relationship diagram map 
of the elements. Hence, regarding the influence relationships among the elements: from the 
social aspect (A1), customer relationship management (e1) was the most influenced element 
and should be enhanced, next by job security for employees (e2) and society impact (e3), 
respectively (see causal relationship A1 in Figure 1); regarding the growth and learning as-
pect (A2) , employee education (e5) was the most influence element, and must be improved, 
next by enhancing employee skills (e4), and research and development (e6), respectively (see 
causal relationship A2 in Figure 1); regarding the environmental aspect (A3), environmental 
policy (e9) was the most influenced element, and should be enhanced, followed by prevent-
ing and monitoring noise (e7), and carbon emission reduction and energy conservation (e8), 

Figure 1. The fuzzy INRM per aspect and element
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respectively; regarding the internal process aspect (A4), improvement of efficiency (e10) was 
the most influenced element, and should be improved, next by employee productivity (e11), 
and personal rights (C12), respectively; regarding the financial aspect (A5), net profit ratio 
(e13) was the most influenced element, and must be improved, next via return on investment 
(e14) and transparency of finance (e15), respectively.

3.3. Results and discussions

Most present approaches cannot capture the multifaceted interrelations among the numerous 
aspects and elements which are impact sustainability issues in the green energy companies. 
The research can differentiate the interrelations between each aspects and elements. Based on 
the matrix of total influence, this environmental aspect (A3) has the strongest influence on 
the relations and is the most significant. According to the net influence, this social aspect (A1) 
is the most net effect for the other aspects. Environmental aspect is this main worry of the 
future of people and gets the most consideration through the fields. These managers in the 
green energy companies need to enhance environmental aspect (A3) initial, next by internal 
process aspect (A4), social aspect (A1), growth and learning aspect (A2) and financial aspect 
(A5) as improving the sustainability.

This proposed structure includes social, growth and learning, environmental issues, inter-
nal business processes, and financial aspects, as according to the suggestions of specialists to 
inspect the elements effecting sustainability issues in green energy companies. The descrip-
tions showed in Table 1 do not simultaneously consider the five aspects for evaluating sus-
tainability issues with the SBSC framework. The environmental aspect is not discussed with 
the BSC aspects in the previous study of green energy companies. Though, these outcomes of 
the research demonstrate that environmental policy (e9) appertaining to the environmental 
aspect is this direct most important element among all elements. Environmental policy is 
realized as the most serious element for the achievement of lots of environmental events. As 
predicted, it also plays a significant part in improving sustainability. These green companies 
should be improved the environmental protection activities and natural resources, or got ap-
propriate environmental certifications in local place towards sustainable development. Such 
as the development of wind power sector in Taiwan, the green energy companies and the 
government have been paying more money and resources for the environmental protection 
activities.

As the suggestions through the specialists in the green energy companies, the suggested 
structure involves social, growth and learning, environmental issues, internal business pro-
cesses, and financial aspects to study the elements affecting sustainability issues. The empiri-
cal outcomes also address the elements measured within each aspect. This study summarizes 
the sequence of influence elements within separately aspect in the Table 8. The implications 
of the 15 elements may vary according to the status, thus, administrators need to examine 
these sustainability strategies and make sure these gaps before making conclusions. For ex-
ample, to enhance the priority for sustainability of social aspect, the priorities for improve-
ment are the customer relationship management (e1), job security for employees (e2), and 
society impact (e3). Nevertheless, managers need to be careful as using the fuzzy MCDM 
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pattern in the green energy companies. The implications of the 15 elements might fluctu-
ate according to the situation, and administrators must to compare the sustainability plans 
before planning.

For long-term improvement, managers need to manage motives wisely, as stated above. 
We specify the research outcomes, our results in Table 8, in relation to the objective of this 
research. This study illustrates the effects of the SBSC model toward the sustainability of the 
green energy companies. It submits that SBSC can be improved for most green energy com-
panies’ managers who use the SBSC model toward sustainability. However, managers should 
be careful as they use the model. The importance of the 15 elements might change according 
to the dissimilar consequences, and administrators need to compare this SBSC model toward 
sustainability of the green energy companies.

Table 8. Sequence of improvement priority for the approach of sustainability

Formula Sequence of improvement priority

F1: Influence network of system (A3), (A4), (A1), (A2), (A5)

F2: Influence network of elements within each aspect

(A1): (e1), (e2), (e3)

(A2): (e5), (e4), (e6)

(A3): (e9), (e7), (e8)

(A4): (e10), (e11), (e12)

(A5): (e13), (e14), (e15)

Conclusions

The chief objective of the present study was to assess the interrelations among SBSC over 
the viewpoint of the most important SBSC in the structure of the green energy companies. 
Since many companies exist that have limited resources in the green energy companies, the 
proposed SBSC framework combining the social, growth and learning, environmental, inter-
nal process, and financial aspects. To achieve the purpose, the context of research was rec-
ognized. The literatures review on SBSC were conducted, and a validation of the significant 
elements over the multiple context of viewpoint through experts through means of MCDM 
method was carried out. An integration of DEMATEL, and fuzzy theory approaches was 
presented for the assessment of SBSC according to different strategic viewpoints. The impli-
cation and the interrelationship of separate factors were presented, and divided for separate 
aspects and in aggregated arrangements overall aspects.

About the implications, the governance of management has a role in assessing SBSC in 
the green energy companies via categorizing and prioritizing SBSC toward sustainability 
assessment within a SBSC elements to make sure its practical apply for sustainability. The 
research offers a comprehensive and simply related MCDM typical which could be used to 
assist in disentangling evaluation strategies and SBSC design in the green energy companies. 
To the best of our understanding, in Taiwan, this is the first time this approach has been 
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applied to determine the aspects of SBSC for the green energy companies. The outcomes 
demonstrate that this environmental aspect which has the highest net effect of 0.26 need to 
be enhanced primarily. Environmental policy that has the highest influence of 1.014 is the 
strongest influence element for improving sustainability issue in the green energy companies 
in Taiwan. Additionally, these outcomes recommend managers to suitable prioritize elements 
in the enhancement plans for sustainability.

These elements are ordered through the fuzzy DEMATEL approaches. While the model 
presented is universal, the perceptions of SBSC via specialists in Taiwan could be thought 
to be a limitation. Nevertheless, SBSC, as well as the development of sustainability and the 
market, are diverse in different regions around the world. Hence, whether the green energy 
companies wish to take advantage of systematic models such as these approaches and pro-
posals, regional applications must be established to enhance competitiveness in the broader 
market. The model can be improved for application in numerous regions of the world, but 
conclusions will vary. The conclusions can sustenance administrators’ proposals for SBSC ap-
plication actions which are suited to circumstances. A supplementary extension of the study 
would be a comparison of pairs of SBSC application purposes against those which are more 
favorable. Such a study can advance the consciousness of the parts most in need of enhance-
ment in SBSC framework through involving different applications.

There are many limitations to this approach, which involve advanced investigation. Prin-
cipally, this approach used the fuzzy DEMATEL method and the conception of sustainability 
to propose an assessment model that assists the manager to understand the principles of 
improvement assessments. Future study can adopt additional fuzzy multiple criteria methods 
(such as BWM (Best worst method) with fuzzy, or fuzzy integral) to assess the comparative 
weights of the effects on the sustainability assessment, and such results can then be associ-
ated with the results of this study. While this approach conducted relatively professional 
sample collections, larger samples with better supplementary explanatory ability may have 
more intricate and certified assessment results for better generalizability. Third, the estima-
tion factors were determined according to the literature review of sustainability estimation, 
thus, the assessment may exclude some possible impacts on sustainability estimation. Fu-
ture researches can use dissimilar methods, such as interview, or longitudinal research to 
determine other measures. Finally, to gain extra agreement with the impartial information 
regarding the suitability of this recommended sustainability model, future research can apply 
empirical studies of detailed performance estimations or add the sensitivity analysis, thus, 
verifying the feasibility of sustainability with the fuzzy DEMATEL estimation procedure, as 
proposed by this study.
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