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FUZZY DEMATEL-BASED GREEN SUPPLY CHAIN MANAGEMENT
PERFORMANCE: APPLICATION IN CEMENT INDUSTRY

Abstract

Purpose — Performance assessment of green supply chain management (GSCM) requires a
systematic approach because of its interdisciplinary and multi-objective nature. The purpose
of this paper is to propose a model to the performance assessment of GSCM.

Design/methodology/approach — A model is proposed, grounded on a literature review on
GSCM performance, after which the causal relationships and prioritization of the sub-criteria
are analyzed by fuzzy Decision Making Trial and Evaluation Laboratory (DEMATEL)
technique in a company operating in the cement industry.

Findings — An integrated holistic performance assessment model incorporating specifically
the 6 criteria and 21 sub-criteria, is applied, which represents causal relationships and
prioritization of sub-criteria.

Research limitations/implications — The proposed model can be generalized, because an
integrative framework can be used in future empirical studies to analyze performance of
GSCM. However, the causal relationships and prioritization among sub-criteria are analyzed
based on the needs and capabilities of the individual company; therefore, the causal
relationships found are company-specific.

Practical implications — The proposed model can be hired and implemented by companies
striving for GSCM. This model allows companies to assess their current GSCM performance,
analyze causal relationships, and prioritize sub-criteria.

Originality/value — Several studies have analyzed performance assessment in green supply
chains; however, to the best of our knowledge, no study has taken an approach to
performance assessment in GSCM that combines environmental, economics/financial,
logistics, operational, organizational and marketing in the same framework. In addition, the
cause-effect relationships identified will be the base for performance improvement.

Key Words: Green Supply Chain Management, Performance Assessment, Sustainability,
Fuzzy DEMATEL, Cement Industry

1. Introduction

Increasing competition, and stricter regulations on the environment and public
pressure are forcing companies to include environmental factors in their strategic planning
and to establish corporate environmental strategy (Zhu et al., 2008). Green consciousness has
evolved as a competitive advantage among firms since the late 1980s and early 1990s; while
other motivating factors include economic benefits, concerns on legislation, pressures from
stakeholders, corporate social responsibility and ethics. (Sarkis, 2003; Hervani et al., 2005).
Companies have become aware of the importance of green issues in the supply chain in
decreasing waste, increasing product quality and protecting natural resources for
sustainability (Min and Kim, 2012).

As the companies focused on green initiatives, GSCM emerged as an important
corporate strategy (Zhu and Sarkis, 2006), in order to obtain competitive advantage and to
enhance customer satisfaction (McKinnon et al., 2015) as well as decreasing environmental
impacts. Companies started to apply GSCM to increase market share and profit, to mitigate
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environmental risks, to improve responsiveness through flexibility in the range of products
(Murray, 2000) and therefore to achieve competitive advantage (Lee et al., 2009).

Zhu and Sarkis (2006) state that GSCM can be considered as green purchasing and
manufacturing, which covers green design, production, recycling in line with the green
regulations. To achieve an effective GSCM, cooperation and collaboration among the GSCM
partners is essential, particularly with suppliers and customers, where increase in profit and
market share can be achieved and competitive advantage can be obtained.

According to Zhu et al. (2005), GSCM activities and practices are not single company-
based activities, but rather depend on inter-organizational environmental management,
incorporating industrial ecosystems, product life-cycle analysis, and increased manufacturer
responsibility. Inter-organizational and cross-functional integration of environmental,
production, engineering, marketing, and logistics personnel and their concerns are the
characteristics of effective GSCM (Sarkis, 2006). GSCM integration has been associated with
improved operational performance, such as lead time, productivity, and timely delivery (Chen
et al., 2004).

The main aims of GSCM are to decrease cost, minimize resource use and pollution
through green production, increase market share, improve brand image and enhance financial
performance by improving environmental and social performance (Dawei et al., 2015).
GSCM requires a significant enhancement in processes and products in order to satisfy the
stricter regulations (Hsu and Hu, 2008). Therefore, green performance assessment became an
important issue for all companies.

As a business target, sustainable development involves the attempt to balance
economic, environmental and social performance (Jabbour and Jabbour, 2009; Lee et al.,
2009). The main driver for “green” supply chain is to reduce cost and reach profitability
(Srivastava and Srivastava, 2006).

The first contribution of this study is to identify the different dimensions of GSCM,
including environmental, economic/financial, operational, logistics, organizational, and
marketing performances. It also supports manufacturers in the understanding of the systematic
and holistic assessment of GSCM performance through the identification of criteria, and sub-
criteria. It can be said that, this contribution has two phases; (a) a theoretical holistic GSCM
framework, and (b) an application-oriented GSCM framework through criteria, and sub-
criteria.

The second contribution is the inclusion of the marketing dimension in GSCM
performance evaluation. Liang and Chang (2008) indicated that the main effect of GSCM is
to allow the development of green marketing. Therefore, it was necessary to add sub-criteria
related to the marketing dimension, i.e., increasing customer satisfaction, marketing measures,
and improving cooperation/collaboration with customers.

The aim of this study is to propose an overall GSCM performance assessment
framework. In this paper, the established fuzzy DEMATEL method was applied to a new
context. Fuzzy Decision Making Trial and Evaluation Laboratory (DEMATEL) method was
used in order to identify the importance and causal relationships between the sub-criteria and
consequently, to create a structural model. Converting Fuzzy Data into Crisp Scores (CFCS)
method was used to convert fuzzy judgments into crisp scores.
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The remainder of the paper is structured as follows. The review of the literature on
GSCM and GSCM performance items respectively are presented in Section 2. The proposed
model presents criteria and sub-criteria of GSCM performance in Section 3. Fuzzy
DEMATEL method is presented in Section 4. Section 5 describes the application of this
study. Section 6 summarizes the implications, and finally, section 7, the conclusion, discusses
possible future research directions.

2. Literature Review

Sustainability and green concepts have attracted increasing attention, leading to an
expansion of green policies and standards to cover the whole supply chain (Khaksar et al.,
2016). GSCM aims to decrease the life cycle environmental impact of a product by
integrating the following processes and targets: design, use and allocation of resources, reuse,
recycling, and minimizing the production and use of harmful materials (Diabat et al., 2013).

Performance assessment is critical to designing, planning, implementing and
monitoring the company performance. It is regarded as a tool to assess the effectiveness and
efficiency of the management and even to make comparisons between companies.

GSCM performance measurement can be conducted by both quantitative and
qualitative methods. The measurements can be categorized under several sub-groups such as
financial measurements including the increase of profitability, market share, revenue, and
return on investment; and operational measures including customer service level, and
inventory turnover. The measurement method can be unique to the company, or to the
department of the company, based on the objectives. Operations research techniques like
simulation or mathematical models have been rarely applied; however, Srivastava (2007) and
McKinnon et al. (2015) stated that mathematical and statistical methods can be used in
GSCM performance measurement. DEMATEL method was preferred by Wu et al. (2010),
Lin et al. (2011), Lin (2013), and Govindan et al. (2015a). Wu et al. (2010) explored the
relationships between knowledge transfer and GSCM performance using fuzzy DEMATEL
method. Lin et al. (2011) found the causal relationships between the criteria in developing
green performance of the manufacturing companies. Lin (2013) explored the effecting factors
among eight criteria of GSCM practices, performances, and external pressures. Govindan et
al. (2015a) figured out the GSCM practices for enhancing economic and environmental
performance. These models were used to determine the cause and effect relationships among
the GSCM variables. In the literature, the most studied topics within GSCM were revealed as
environmental issues, company practices, process management, and sustainability (Malviya
and Kant, 2015).

Olsthoorn et al. (2001) argued that the interaction between company and the
environment should be the base for green performance assessment, whereas Wagner and
Schaltegger (2004) suggested measures including water and energy usage, use of toxic
materials, non-renewable resources, emissions, noise, smell, damage to landscape and
accidents.

Malviya and Kant (2015) noted that GSCM literature mainly focuses on the sub-topics
such as supplier selection, design, purchasing, quality, performance measurement, waste
management.

According to Zhu and Sarkis (2004), and Rao and Holt (2005), GSCM focuses on
improving environmental and financial performance, encompassing a wide range of aspects
from environmental management to green design.
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Gandhi and Sharma (2014) described the literature on GSCM practices and
performance. Hervani et al. (2005) suggested the need for performance measurement systems
to include external & internal reporting and control. Wagner and Schaltegger (2004), and Rao
and Holt (2005) explained green performance as minimizing impacts on the environment by
increasing cooperation and collaboration, integrating managerial and green concerns, which
would eventually improve corporate image and marketing, thus achieving competitive
advantage.

Vachon and Klassen (2007) considered that environmental alignment and cooperation
may support manufacturing and GSCM performance. As the collaboration and coordination in
the supply chain increases, financial and organizational performance will improve (da Silveira
and Arkader, 2007). Therefore, cooperation, collaboration and integration with green
suppliers in GSCM are the key to economic and environmental performance improvement.

Zhu et al. (2008) proposed various scales to measure GSCM in terms of continuous
improvement, implementation and benchmarking. Green et al. (2012) emphasized that within
GSCM, environmental performance should focus on decreasing pollutant levels, while
economic performance should focus on reduction of energy costs. Zhu et al. (2008)
underlined the close relation between economic performance and environmental measures.
Zhu et al. (2013) highlighted the mediation effects, and the need to take a holistic view,
integrating internal and external GSCM activities. In addition, improving environmental
performance will enable companies to enhance the corporate image, which will, in turn, bring
higher sales and profits.

3. Proposed Model

Since a holistic approach is required to determine future plans, GSCM studies
focusing on green performance are based on the areas of logistics, manufacturing and
operations and environmental performance. Many studies emphasize the need to define the
sustainable measures, and the difficulty associated with defining and accurately measuring
these to assess the green performance (Hervani et al. 2005; McKinnon et al. 2015).

The need therefore arises for a holistic model that can incorporate and integrate
tangible and intangible criteria related with environmental, economic, logistics, operational,
organizational and marketing concepts. This study is unique in that it attempts to create such a
model, within an industry-specific context, based on criteria and sub-criteria.

Also, there is a need for a marketing criterion in overall GSCM performance
assessment framework, lacking in the previous literature. Previous research on GSCM
focused on especially environmental, economic and operational performance, and also general
corporate performance; green marketing was not considered in GSCM performance
assessment. However; according to Hervani et al. (2005), as well as green purchasing, green
manufacturing, and reverse logistics, GSCM also includes green distribution/marketing.
Green purchasing, green manufacturing, green packaging, green distribution and marketing
are all a part of GSCM (Luthra et al., 2011).

3.1. Environmental Performance

The environmental performance measures focus on reducing supply chain operations’
production of carbon dioxide, solid and effluent wastes, emissions to air and water, sulfur
dioxide (SO,), nitrogen oxide (NO), energy consumption, use of water and fuel, water
pollution, air pollution, hazardous and toxic material use and consumption, and gas emissions
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(Zhu et al., 2008). Aronsson and Brodin (2006) revealed that emission measurement is one of
the crucial measures for environmental impact assessment.

Green packaging, distribution, and reverse logistics are key factors in environmental
performance in the supply chain. More efficient suppliers’ processes may contribute to
decrease transaction costs, wastes, hazardous materials, increasing recycling and reuse of raw
materials and to follow environmental regulations (Sarkis, 2003).

3.2. Economic/Financial Performance

Economic and financial performance is linked to decreased costs, increased profits and
reduction of environment-damaging activities such as material purchase, energy consumption,
discharge and treatment of waste and occurrences of accidents (Zhu et al., 2008).

There are several studies which measure economic performance based on the
reduction in costs as an outcome of green activities (Zhu et al., 2005), whereas Rao (2002)
suggested profit or sales as indicators. The results of these studies highlighted the relationship
between a company’s environmental management and economic performance.

3.3. Logistics Performance

Green logistics is an environmentally-friendly and effective transportation mode, in
contrast to conventional road and air transport, which have hazardous effects on environment
due to consuming fossil fuels, in turn, producing CO,, and polluting the air, soil and water
(Min and Kim, 2012). The implementation of logistics should be harmonized with green
production, marketing, consumption and other economic activities (Hang, 1996). Green
procurement, green material/component management and production, green distribution,
green marketing, and reverse logistics are some activities included in green logistics (Hervani
et al.,, 2005). Green logistics also have a positive effect on processes such as purchasing,
packaging and transportation. Rao and Holt (2005) underlined the positive influence of
outbound logistics, and cost savings on competitiveness with respect to improved quality,
productivity, efficiency, and cost saving.

3.4. Operational Performance

Zhu et al. (2008) defined operational performance as the ability of a company to
satisfy their customers by an efficient production and high quality in delivery, while reducing
defects and inventory levels. Customer satisfaction, flexibility of suppliers and interaction
with these companies, and internal service quality are the three most important criteria for
companies aiming to improve operational performance (Wu et al., 2010).

By developing the operational performance, organizations gain an advantage which
increases the degree of organizational environmental awareness. The key activities that are
necessary to improve operational performance are organizational internal GSCM practices
including the integration of environmental management systems and staff involvement, and
activities such as recycling and reuse (Carter and Carter, 1998). Benefits of producing
environmentally-friendly products are not only limited to safety and lower prices, but also
include increased and more consistent quality level, and greater scrap values (Sarkis, 2001).
Furthermore, by reducing energy consumption, and waste discharge and treatment fees, eco-
design products result in savings. Even though these kinds of products have significantly
positive effects on environmental performance (Zhu et al., 2005), they have less significant
effect on economic performance (Lewis and Gretsakis, 2001). Moreover, green products
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include green materials, designs, manufacturing appropriate materials, and packaging to
reduce resources, hazardous emission, environmental pollution (Lee et al., 2009).

3.5. Organizational Performance

Organizational performance is a measure designed to evaluate the company’s level of
success in achieving its goals (Daft, 1995). Companies use GSCM concepts which integrate
organizational and environmental performances (Zhu and Cote, 2004). In order to minimize
environmental risks, GSCM incorporates an important organizational performance indicator.

In order to transform activities and processes to “green”, GSCM requires the
employment of internal environmental management. This kind of management leads better
organizational performance. To achieve this goal, top management and operational personnel
must cooperate. While top management is responsible for providing strategic and
organizational performance measurement, and maximizing shareholder wealth, operational
personnel should be trained to gather and evaluate data (Hamel and Prahalad, 1989).
Moreover, Chien (2014) noted that, organizational performance includes social performance,
which stipulates that an organization should provide a healthy work environment, show social
commitment and participation, offer education and training, and engage in human resources
development.

3.6. Marketing Performance

Evaluation of the association between marketing practices/activities and corporate
performance refers to marketing performance measurement (Clark and Ambler, 2001).
Marketing performance is an organization’s ability to improve its sales and market share
relative to competitors. The marketing performance measurement is defined by Green et al.
(1995) as being the level of market success achieved by at the maturity stage of the market.
Other indicators of the performance are revenue, sales volume, return on investment (ROI),
and return on satisfaction (ROS), customer satisfaction and loyalty, purchase intention, and
the level of quality. According to Ambler and Kokkinaki (1997), the ley indicators are
increase in sales and market share, the contribution of profit, and customer
preference/purchase intention.

According to Zampese et al. (2016), green marketing is based on marketing
performance, including activities such as branding, growth in sales, market share customer
satisfaction and loyalty. GSCM execution means finding a balance in the relation between
marketing performance and environmental issues. In order to fulfill the customer needs,
companies need to pay attention to sustainable environmental solutions in their processes
(Zhu and Sarkis, 2006).

Table 1 shows the detailed criteria set, in other words, the model, which includes the
main criteria, sub-criteria, and the measurements.

[TABLE 1 NEAR HERE]
4. Methodology

Decision Making Trial and Evaluation Laboratory (DEMATEL) method measures the
cause-effect relationships between criteria. In this study, we applied fuzzy DEMATEL
method in order to construct a cause-effect model for the performance of the GSCM.

4.1. Fuzzy Sets Theory
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Decision-makers experience uncertainties in the decision-making process due to the
subjective manner of their judgments. To deal with this subjectivity and vagueness in human
judgment, Zadeh (1965) introduced fuzzy set theory to demonstrate the linguistic terms used
when dealing with a decision process. In the theory, mathematical operators and programming
are also allowed to apply to the fuzzy domain. A class of objects with a continuum of grades
of membership is called a fuzzy set. Characteristic function is used to assign a grade of
membership (from zero to 1) to each object and this grade characterizes fuzzy sets. If a fuzzy
set is represented by a symbol, then a tilde “~” is placed above the symbol (Zadeh, 1965).

There are various fuzzy membership functions. In this paper, we use triangular fuzzy

numbers. A triangular fuzzy number (TFN), M , is shown in Figure 1.
[FIGURE 1 NEAR HERE]

A triangular fuzzy number is indicated as (/; my, r;). The parameters [, my, ry,
respectively refer the smallest possible, the most promising, and the largest possible values
that characterize a fuzzy event.

4.2. Fuzzy DEMATEL

Decision Making Trial and Evaluation Laboratory (DEMATEL) method measures the
cause-effect relationships between complicated criteria in order to allow the construction and
analysis of a structural model. The procedures involved in the fuzzy DEMATEL method will
be discussed in the following sections.

4.2.1. DEMATEL Method

The DEMATEL method originated from The Battelle Memorial Institute aiming to
search for integrated solutions (Gabus and Fontela, 1972; Gabus and Fontela, 1973). The
popularity of the method is due to the fact that it allows the complex structure of cause-effect
relationships to be easily envisioned (Lin and Wu, 2008).

The structure of DEMATEL method is subject to matrices or digraphs, which are able
to distinguish the complicated criteria into cause and effect groups, and manage the inner
dependencies. Digraphs are able to indicate the directed relationships of sub-systems;
therefore, they are superior to directionless graphs. A digraph may reflect a network, or a
dominated relationship between criteria (Wu and Lee, 2007).

The matrices or digraphs represent the relations between the criteria, in which the
numerical expressions show the strength of the influence. According to the fundamental
principles of the DEMATEL method, the system consists of a set of criteria, that is, C = {Cy,
Cy, ..., Cy}, and the pairwise comparisons are used to show the mathematical relations.
Hence, the DEMATEL method shows the cause-effect relationships between the complicated
criteria in a logical way.

The solution steps are as follows:

Definition 1: The measurement scale for pairwise comparisons were designed as four levels,
0 (no influence), 1 (low influence), 2 (high influence), and 3 (very high influence).
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Definition 2: The direct relation matrix, Z, is an »xn matrix acquired from pairwise
comparisons based on relationships and influences between a set of criteria. z; symbolizes

the degree of the effect of criterion i to criterion j, i.e. z=[z;] .

Definition 3: The normalized direct relation matrix, X, i.e., x=|x;| ,and 0 < x; <1, is

attained by way of the formulas (1) and (2).
X=52 (1)

1
s=————— i, j=12,,n.

n

max,., ijl Zy

2

Definition 4: The total relation matrix, T, is obtained by the formula (3), in which I represent
the identity matrix.

T=X(I-X)" (3)

Definition 5: The row totals and the column totals of the total relation matrix, T, are
represented as D and R by the formulas (4)-(6).

T=t; ij=12..n 4)

D= Zn:tw
(5)

Py (6)

where D and R represents the row totals and the column totals, respectively.

Definition 6: A cause-effect diagram can be obtained by graphing the dataset, in which the
(D+R) represents the horizontal axis, and is comprised of summing up D with R, and (D-R)
represents the vertical axis, and is comprised of subtracting R from D.

In order to convert the fuzzy data into crisp scores, Converting Fuzzy Data into Crisp
Scores (CFCS) defuzzification technique is used.

4.2.2. Converting Fuzzy Data into Crisp Scores (CFCS)

The various defuzzification techniques may be divided into two categories: vertical or
horizontal representation of possibility distribution (Oussalah, 2002). However, Opricovic and
Tzeng (2003) stated that a good defuzzification technique should take into consideration all
main characteristics of the fuzzy number, i.e., shape, height, spread, and the relative location
of x axis.

The most popular defuzzification technique is the Centroid (Center-of-gravity) method
(Yager and Filev, 1994); however, this method cannot make a distinction between the same
crisp-valued fuzzy numbers, even though they have different shapes Therefore, Converting
Fuzzy data into Crisp Scores (CFCS) defuzzification technique is widely adopted, producing
more accurate crisp scores compared to the Centroid method (Wu and Lee, 2007).
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The CFCS method was proposed by Opricovic and Tzeng (2003), and its procedure is
subject to identifying the left and right scores by fuzzy minimum and fuzzy maximum. The

total score is identified by taking a weighted average in accordance with the membership

k _k

functions. Let EU’.‘ = (lif ,m;,r; )states the fuzzy judgments of the evaluator & (k = 1,2,. . . ,p)

about the level of the influence of criterion i to criterion j. Five-step algorithm is expressed as
follows (Opricovic and Tzeng, 2003):

(1) Normalization:

xlb = (1F —minif)/Am, o

max

ko k sk
xmy =(m; —minl;)/A

min ° (8)
k _ k . k max
xr; —(rl.j —mlnll.j)/Amm, ©)
max __ k : k
where ATT = maxr; —min/;.

(2) Calculate left and right normalized values:

kK k k k
xls; = xmy [(1+ xmy; — xI;;),

(10)
k k k k
xrs; = xry [(L+xr; —xmy). (11)
(3) Calculate total normalized crisp value:
xilj‘. = [xlsi'; (1- xlsi’; )+ xrs;;xrsé‘. ]/[1 - xls;/‘. + xrsﬂ (12)
(4) Calculate crisp values:
k _ . k k A max
z; =min/; +x; ATT. (13)
(5) Integrate crisp values:
k 1 1 2 4
zy =—(zy +z; +tzf).
(14)

4.2.3. The Procedure of Fuzzy DEMATEL Method

Under a fuzzy environment, the analytical procedure of the proposed method is
described as follows:

Step 1: Identifying the decision goal and forming a committee: Decision-making
process involves the following steps: (1) describing the decision goals, (2) collecting the
relevant data, (3) identifying the possible alternatives, (4) assessing the alternatives with
regard to their advantages and disadvantages, (5) selecting the best alternative, and (6)
monitoring the results whether the decision goals are attained or not (Opricovic and Tzeng,
2004). For this reason, the decision-making process starts with the determination and
description of the decision goals. Another important requirement is to constitute a committee
to collect the group knowledge that is need for problem solving (Wu and Lee, 2007).
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Step 2: Developing evaluation criteria and designing the fuzzy linguistic scale: Due to
the nature of cause-effect relationships of the criteria, they involve many complex aspects.
The DEMATEL method should be used to create a structural model in order to divide the
significant criteria into cause group and effect group. To deal with the subjectivity and
vagueness of human judgment, the degree of influence of each criterion over others is
expressed by one of five linguistic terms: No Influence (No), Very Low Influence (VL), Low
Influence (L), High Influence (H), and Very High Influence (VH). These linguistic terms are
described in positive triangular fuzzy numbers (/;, m;;, r;) as shown in Table 2.

[TABLE 2 NEAR HERE]

Step 3: Acquiring and aggregating the assessments of decision makers: A group of
experts are asked to evaluate the influences of criteria to each other in order to measure the
relationships between all criteria, that is, C = {Cy, C,, ..., C,}. These fuzzy evaluations are
then defuzzified into crisp values, z;, by CFCS method. As a consequence, the direct relation
matrix, Z = lZ,-,- Jm , is acquired by the formulas (7)-(14) (Lin and Wu, 2008).

Step 4: Establishing and analyzing the structural model: After gathering the direct
relation matrix, Z, by the formulas (1) and (2), the normalized direct relation matrix, X, can
be acquired. The total relation matrix, T can then be obtained by the formula (3). The row
totals and the column totals of the total relation matrix, T, are represented as D and R by the
formulas (4)-(6). A cause-effect diagram can be obtained by graphing the dataset, in which
the (D+R) represents the horizontal axis, and is comprised of summing up D with R, and (D-
R) represents the vertical axis, and is comprised of subtracting R from D. (D+R) and (D-R)
are called “Prominence”, and “Relation”, respectively. Prominence represents the degree of
importance of the criterion, and the Relation distinguishes the criteria as the cause or effect
criteria. If the (D-R) is positive, the criterion falls into the cause group, and if negative, into
the effect group. Hence, the cause-effect diagrams clarify the complex relationships among a
set of criteria, and enable the visualization of the structural model. Appropriate decisions
could be reached by determining the cause group and effect group, and distinguishing the
differences between cause criteria and the effect criteria, based on the cause-effect diagrams
(Wu and Lee, 2007).

5. Application

The application was conducted with a leading cement manufacturing firm located in
Bornova, Izmir, Turkey. Diabat et al. (2013) suggested that the framework developed in their
study may be applicable to potentially environmentally-harmful industries such as cement
manufacturing. The reason for selecting this company is the relative importance of its carbon
footprint, and its need for effective waste management. This company is engaged in some
responsible production and consumption business projects, such as energy efficiency project
in production process, rehabilitation work on the site of terminated mining activity, and solar
energy usage projects.

Cement plants are the highest emitters of carbon dioxide of any industries in the world
(Benhelal et al., 2012). According to Benhelal et al. (2012), every ton of cement production
leads to the emission of around 900 kg of CO; constituting approximately 5-7 % of all global
carbon dioxide emission (Chen et al., 2015). The cement industry is currently focusing on its
energy intensive operations, due to the growing importance of environmental and
sustainability issues. Cement manufacturers consume large amounts of non-renewable raw
materials and produce major amounts of carbon dioxide (Potgieter, 2012); therefore,
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emphasize the need to reduce, re-use, and recycle to ensure the lowest possible emissions.
The carbon footprint is the measure of damage caused by human activities to the environment
in terms of the amount of greenhouse gas as measured by unit carbon dioxide. Carbon
footprint consists of two main parts: the direct/primary footprint, and the indirect/secondary
footprint. In fulfilling their responsibilities, respect for nature, and avoiding excessive
environmental pollution are the companies’ guiding principles. There is growing awareness
that protecting and improving the environment is an integral part of work and life. The Cement
Sustainability Manufacturing Program (CMS) aims “to balance society’s need for cement
products with stewardship of the air, land, and water, conservation of energy and natural
resources, and maintenance of safe work places and communities”.
(http://www.cement.org/concrete-basics/manufacturing/cement-industry-sustainability-
manufacturing-program). Control of emission of greenhouse gases are based on strict
government regulations and the Paris Agreement on Climate Change. These regulations
created increasing pressure on cement factories to modify their business strategies and
production process. Therefore, the company is making maximum effort to prevent
environmental pollution, and use natural sources. They are acting to reduce wastes at source,
and return wastes to the economy wherever possible.

In addition, the company has strictly controlled all hazardous and solid wastes through
its Waste Management System, implemented since July 2005 in compliance with legal
requirements. In addition, the company burns all dangerous and solid wastes for energy
production and disposes of the remains.

In data collection process, five experts carried out pairwise comparisons; the deputy
general manager, the plant manager, the purchasing manager, the production manager, and the
human resources manager. The pairwise comparisons were made by the authorities
responsible for green activities with the consent of the Board of Directors.

Hervani et al. (2005) pointed out that there is no perfect tool for traditional
performance measurement systems, and that their usage is greatly dependent on acceptance by
organizations. In other words, there is no single generally applicable approach for
generalizing the performance measurements, because the scales and the applications are
usually specific to the organizations. Therefore, although the proposed model may be
generalized, the results of the application are unique to each company.

Table 3 shows the pairwise comparison matrix of one expert. Table 4 shows the total
relation matrix; T. Total relation matrix is found using the formula (3).

D and R values are found using the formulas (4)-(6). According to the results, the
cause-effect diagram is occurred as seen in Figure 2.

[TABLE 3 NEAR HERE]

[TABLE 4 NEAR HERE]

[FIGURE 2 NEAR HERE]
According to the result of fuzzy DEMATEL causal diagram;

1) The Cause Group consists of Revenues (C5), Increase in Quality (C8), Increasing
Efficiency (C9), Improving Green Manufacturing (C10), Improving Green Packaging (C11),
Improving Green/Eco Design (C12), Improving Green Logistics (C13), Improving Reverse
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Logistics (C14), Improving Green Purchasing (C15), Green Information Systems (C18), and
Improving Cooperation/Collaboration with Customers (C20).

2) The Effect Group consists of Decreasing Emissions (C1), Decreasing Energy
Consumption (C2), Decreasing Business Waste (C3), Decreasing Environmental Cost (C4),
Cost-Oriented (C6), Revenue-Oriented (C7), Improving Green Image (C16), Incorporating
Environmental Management (C17), Increasing Customer Satisfaction (C19), and Marketing
Measures (C21).

To achieve high performance from the effect group factors, it is important to monitor
and deal with the cause group factors, because this group refers to the influencing factors,
while the effect group refers to the influenced factors (Fontela and Gabus, 1976). Within this
context, Improving Green Manufacturing (C10) is the most important factor, because it has
the most significant relation among all factors. Incorporating Environmental Management
(C17) is second, and Improving Green/Eco Design (C12) is third. Increasing Efficiency (C9)
is the most influencing factor, at the highest level of the Cause Group, and Improving Green
Image (C16) is the most influenced factor, at the lowest level of Effect Group.

6. Implications

In this study, fuzzy DEMATEL method was employed to analyze and assess the
relationships between the sub-criteria in terms of GSCM performance in cement industry. 21
sub-criteria were evaluated using pairwise comparisons, and some implications were obtained
in order to determine the key sub-criteria.

Firstly, the results of fuzzy DEMATEL method were taken into consideration as the
basis for defining the importance levels of the factors. Within this context, our investigation
illustrated that improving green manufacturing is found to be the most important factor, in
line with Chen et al. (2006), who argued that green manufacturing process and green products
have a positive relationship with competitive advantage. Incorporating environmental
management was found to be the second most important factor, in line with the findings of
Carter and Carter (1998), who highlighted the key role of internal environmental management
in improving enterprises’ performance. Interior policies and action plans of environmental
management system directly affect the organization as a whole (Coglianese and Nash, 2001).
Improving Green/Eco Design was found to be the third most important factor, supporting the
views of Chen et al. (2006), who stated that eco design and green products were just as
important as green innovation in increasing production system efficiency.

Secondly, the results of fuzzy DEMATEL method were taken into consideration as the
basis for the cause group. Within this context, efficiency was found to be the most influencing
factor, supporting Liang and Chang’s (2008) findings that GSCM helps companies improve
environmental performance, minimize waste, and attain cost savings through promoting
efficiency. Green purchasing was found to be the second most influencing factor, following
the consensus in the literature. According to Follows and Jobber (2000), marketing managers
are being pressured by environmentally-aware consumers to adopt a more environmental-
protection focused purchasing strategy. In line with Liang and Chang (2008), who stated that
green purchasing, green manufacturing, and green marketing activities lead to improved
GSCM performance, our investigation illustrated that green logistics was found to be the third
most influencing factor. Similarly, Diabat et al. (2013) proposed that it was important for
design, manufacturing, packaging, and delivery to conform to the environmental objectives
for better GSCM performance.
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Finally, the results of fuzzy DEMATEL method were taken into consideration as the
basis for the effect group. Our investigation illustrated that improving green image was found
to be the most influenced factor, in line with the results of Lin et al. (2011), and Diabat et al.
(2013). These studies indicated that GSCM can enhance corporate image on the market, and
thus maintain competitiveness. Increasing customer satisfaction was found to be the second
most influenced factor, agreeing with Azevedo et al. (2011), who pointed out the positive
effect of customer satisfaction on GSCM performance. Environmental collaboration with
customers increases the level of customer satisfaction through providing the reliability of
operations (Lee et al., 2007). Marketing measures was found to be the third most influenced
factor, in line with Zampese et al. (2016), who emphasized the close relationship between
green marketing and performance, as also argued by Fraj et al. (2011). Many of the studies for
GSCM deal with the corporate performance, and therefore, aim to show a relationship
between enterprises’ GSCM activities and the financial position, and even competitive
advantage.

The relation between efficiency and manufacturing also deserves attention in GSCM.
Improving Green Manufacturing (C10) is the most important factor, whereas Increasing
Efficiency (C9) is the most influencing; therefore, it is possible to say the higher the green
manufacturing measurement scores, the greater the improvements seen in the measurements
of the efficiency factor.

7. Conclusion

There are various reasons for assessing the performance of companies’ processes.
Due to the increasing competition, and stricter environmental regulations and public pressure,
the companies have been forced to assess environmental performance in order to establish
corporate environmental strategy (Zhu et al., 2008). Despite the large number of studies in
GSCM implementation, there is a lack of overall understanding of theoretical and
methodological dimensions (Malviya and Kant, 2015). To address this deficiency, an
innovative holistic GSCM performance assessment model is proposed in this paper.

The main contribution of this study is to reveal the different dimensions of GSCM
such as environmental, economic/financial, operational, logistics, organizational, and
marketing performances. It also supports manufacturers in the understanding of the systematic
and holistic assessment of GSCM performance through criteria, and sub-criteria. In this paper,
fuzzy Decision Making Trial and Evaluation Laboratory (DEMATEL) method was used in
order to identify the importance and causal relationships between the sub-criteria and
consequently, to create a structural model.

The second main contribution is the inclusion of the marketing dimension in GSCM
performance evaluation. Liang and Chang (2008) indicated that the main effect of GSCM is
the development of green marketing. Therefore, it was necessary to add sub-criteria for the
marketing dimension, i.e., increasing customer satisfaction, marketing measures, and
improving cooperation/collaboration with customers.

Therefore, the discussed case of cement industry is potentially of great value for
improving the company’s GSCM performance, and guiding managers to work on issues in
GSCM. The results can enable the cement company to assess their own performance.

The limitation of this research is that, as with all MCDM applications, the research
includes subjective judgments. In their study employing DEMATEL, Govindan et al. (2015a)
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stated that although the model utilized is able to take into consideration the ambiguities, it is
not possible to generalize the results.

Further possible research could focus on finding the sub-criteria weights, identifying
the respective measurements and finding their weights, and proposing an overall performance
score framework for the company in order to determine a road map.

References

Ambler, T. and Kokkinaki, F. (1997), “Measures of marketing success”, | EININGg
isssspanesead. Vol.13, pp. 665-678.

Aronsson, H. and Brodin, M.H. (2006), “The environmental impact of changing logistics

structures”, , Vol.17 No.3, pp. 394-415.
Azevedo, S.G., Carvalho, H. and Machado, C. (2011), “The influence of green practices on
supply chain performance: A case study approach”, , Vol.47,
pp. 850-871.

Benhelal, E., Zahedi, G. and Hashim, H. (2012), ““A novel design for green and economical
cement manufacturing”, , Vol.22, pp. 60-66.

Carter, C.R. and Carter, J.R. (1998), “Interorganizational determinants of environmental
purchasing: initial evidence from the consumer products industry”, R, V 01.29
No.3, pp. 28-38.

Chen, 1.J., Paulraj, A. and Lado, A.A. (2004), “Strategic purchasing, supply management, and
firm performance”, , Vol.22 No.5, pp. 505-523.

Chen, Y.S., Lai, S.B. and Wen, C.T. (2006), “The influence of green innovation performance
on corporate advantage in Taiwan”, , Vol.67 No.4, 331-339.
Chen, W., Hong, J. and Xu, C. (2015), “Pollutants generated by cement production in China,

their impacts, and the potential for environmental improvement”, NG
iiadsiai. Vol.103, pp. 61-69.

Chien, M.K. (2014), “Influences of green supply chain management practices on
organizational sustainable performance”, International Journal of Environmental Monitoring
and Protection, Vol.1 No.1, pp. 12-23.

Chuang, S.P. (2014), “Assessing and improving the green performance using a compound

approach”, , Vol.26, pp. 69-91.

Clark, B.H. and Ambler, T. (2001), “Marketing performance measurement: evolution of
research and practice”, , Vol.3,
pp. 231-244.

Coglianese, C. and Nash, J. (2001), Regulating from the Inside: Can Environmental
Management Systems Achieve Policy Goals? Resources for the Future: Washington, DC.

da Silveira, G.J.C. and Arkader, R. (2007), “The direct and mediated relationships between
supply chain coordination investments and delivery performance”,
IS .27 No.2. . 140-155

Daft, R.L. (1995), Organizational theory and design, West Publishing, St. Paul

© Emerald Publishing Limited

This is a pre-print of a paper and is subject to change before publication. This pre-print is made available with the understanding
that it will not be reproduced or stored in a retrieval system without the permission of Emerald Publishing Limited.


http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jclepro.2011.09.019&isi=000298218000007&citationId=p_4
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F01443570710720595&isi=000244573700001&citationId=p_13
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F01443570710720595&isi=000244573700001&citationId=p_13
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1111%2Fj.1540-5915.1998.tb01358.x&isi=000081562900006&citationId=p_5
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jom.2004.06.002&isi=000223750100004&citationId=p_6
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1007%2Fs10551-006-9025-5&isi=000241114100001&citationId=p_7
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jclepro.2014.04.048&isi=000356990800006&citationId=p_8
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jclepro.2014.04.048&isi=000356990800006&citationId=p_8
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1007%2Fs10696-012-9156-1&isi=000330591200005&citationId=p_10
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1080%2F0267257X.1997.9964503&citationId=p_1
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1080%2F0267257X.1997.9964503&citationId=p_1
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1504%2FIJBPM.2001.000101&citationId=p_11
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F09574090610717545&citationId=p_2
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.tre.2011.05.017&isi=000294237200006&citationId=p_3

Downloaded by UNIVERSITY OF NEW ENGLAND (AUS) At 00:49 02 February 2018 (PT)

Dawei, Z., Hamid, A.B.A., Chin, T.A. and Leng, K.C. (2015), “Green supply chain
management: A literature review”, Sains Humanika, Vol.5 No.2, pp. 15-21.

Diabat, A., Khodaverdi, R. and Olfat, L. (2013), “An exploration of green supply chain
ractices and performances in an automotive industry”, ﬂ
I /o', pp. 945-961.

Duarte, S., Cabrita, R. and Machado, V.C. (2011), “Exploring lean and green supply chain
performance using Balanced Scorecard perspective”, Proceedings of the 2011 International
Conference on Industrial Engineering and Operations Management Kuala Lumpur, Malaysia.

Follows, S.B. and Jobber, D. (2000), “Environmentally responsible purchase behavior: a test
of a consumer model”, , Vol. 4 No.5/6, pp. 723-746.

Fontela, E. and Gabus, A. (1976), The DEMATEL observer, DEMATEL 1976 report,
Switzerland Geneva: Battelle Geneva Research Center

Fraj, E., Martinez, E. and Matute, J. (2011), “Green marketing strategy and the firm's
performance: the moderating role of environmental culture”, &,
Vol.19 No.4, pp. 339-355.

Gabus, A. and Fontela, E. (1972), World problems, an invitation to further thought within the
framework of DEMATEL. Switzerland, Geneva: Battelle Geneva Research Centre.

Gabus, A. and Fontela, E. (1973), Perceptions of the world problematique: Communication
procedure, communicating with those bearing collective responsibility (DEMATEL report no.
1), Switzerland Geneva: Battelle Geneva Research Centre

Gandhi, M.A. and Sharma, S. (2014), “A review of research methodologies linking green
supply chain practices and green supply chain performance”, International Journal of Supply
Chain Management, Vol.3 No.4, pp. 57-62.

Govindan, K. Popiuc, M.N. (2014), “Reverse supply chain coordination by revenue sharin

contract: A case for the personal computers industry”, ﬂ
essggkel Vol.233 No.2, pp. 326-336.

Govindan, K., Khodaverdi, R. and Vafadarnikjoo, A. (2015a), “Intuitionistic fuzzy based
DEMATEL method for developing green practices and performances in a green supply
chain”, ﬂ Vol.42, pp. 7207-7220.

Govindan, K., Soleimani, H. and Kannan, D. (2015b), “Reverse logistics and closed-loop

supply chain: A comprehensive review to explore the future”, |GG
. \/01.240, pp. 603-626.

Green, D.H., Barclay, D.W. and Ryans, A.B. (1995), “Entry strategy and long-term
performance: Conceptualization and empirical examination”, ﬁ,
Vol.59 No.4, pp. 1-16.

Green, Jr. K.W., Zelbst, P.J., Meacham J. and Bhadauria, V.S. (2012), “Green supply chain
management practices: impact on performance”,

Jasgeaal Vol.17 No.3, pp. 290-305.

Hamel, G. and Prahalad, C.K. (1989), “Strategic intent”, _, Vol.67,

pp. 63-76.

© Emerald Publishing Limited

This is a pre-print of a paper and is subject to change before publication. This pre-print is made available with the understanding
that it will not be reproduced or stored in a retrieval system without the permission of Emerald Publishing Limited.


http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&isi=A1989U383600007&citationId=p_29
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.ejor.2013.03.023&isi=000328099700004&citationId=p_24
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1007%2Fs00170-013-4955-4&isi=000323105600079&citationId=p_16
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.ejor.2013.03.023&isi=000328099700004&citationId=p_24
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1007%2Fs00170-013-4955-4&isi=000323105600079&citationId=p_16
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.eswa.2015.04.030&isi=000357230000032&citationId=p_25
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.ejor.2014.07.012&isi=000343639300001&citationId=p_26
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F03090560010322009&citationId=p_18
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.ejor.2014.07.012&isi=000343639300001&citationId=p_26
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.2307%2F1252324&isi=A1995RY35400001&citationId=p_27
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1080%2F0965254X.2011.581382&citationId=p_20
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F13598541211227126&isi=000305434100005&citationId=p_28
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F13598541211227126&isi=000305434100005&citationId=p_28

Downloaded by UNIVERSITY OF NEW ENGLAND (AUS) At 00:49 02 February 2018 (PT)

Hang, C. (1996), “On the formation and evolution of sea-port regional complexes”, Acta
Geographica Sinica, Vol. 1 No.6, pp. 501-507.

Hervani, A.A., Helms, M.M. and Sarkis, J. (2005), “Performance measurement for green
supply chain management”, , Vol.12 No.4, pp. 330-
353.

Hsu, C.W. and Hu, A.H. (2008), “Green supply chain management in the electronic industry”,
, Vol.5 No.2, pp. 205-216.

Jabbour, A.B.L. and Jabbour, C.J. (2009), “Are supplier selection criteria going green? Case
studies of companies in Brazil”, , Vol.109 No.4, pp.
477-495.

Khaksar, E., Abbasnejad, T., Esmaeili, A. and Tamosaitien¢, J. (2016), “The effect of green
supply chain management practices on environmental performance and competitive
advantage: a case study of the cement industry”,

aisassneu. Vo!.22 No.2, pp. 293-308.

Laosirihongthong, T., Adebanjo, D. and Choon Tan, K. (2013), “Green supply chain
management practices and performance”, , Vol.113
No.8, pp. 1088-1109.

Lee, C., Kwon, .LW.G. and Severance, D. (2007), “Relationship between supply chain

erformance and degree of linkage among supplier, internal integration, and customer”,
I /.12 No 6. pp. 444.452.
Lee, A.H., Kang, H.Y., Hsu, C.F. and Hung, H.C. (2009), “A green supplier selection model
for high-tech industry”, , Vol.36 No.4, pp. 7917-7927.

Lewis, H. and Gertsakis, J. (2001), Design + Environment: A Global Guide to Designing
Greener Goods, Greenleaf Publishing, Sheffield.

Liang, S. and Chang, W.L. (2008), “An empirical study on relationship between green supply
chain management and SME performance in China”, International Conference on
Management Science and Engineering, California State University, Long Beach, CA, USA.

Lin, C.J. and Wu, W.W. (2008), “A causal analytical method for group decision-making
under fuzzy environment”, , Vol.34 No.1, pp. 205-213.

Lin, Y.T., Yang, Y.H., Kang, J.S. and Yu, H.C. (2011), “Using DEMATEL method to
explore the core competences and causal effect of the IC design service company: an
empirical case study”, , Vol.38 No.5, pp. 6262-6268.

Lin, R.J. (2013), “Using fuzzy DEMATEL to evaluate the green supply chain management
practices”, , Vol.40, pp. 32-39.

Luthra, S., Kumar, V., Kumar, S. and Haleem A. (2011), “Barriers to implement green supply

chain management in automobile industry using interpretive structural modeling technique —
an Indian perspectiv”, I .+ \o.., 23 -

257.

© Emerald Publishing Limited

This is a pre-print of a paper and is subject to change before publication. This pre-print is made available with the understanding
that it will not be reproduced or stored in a retrieval system without the permission of Emerald Publishing Limited.


http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.eswa.2008.11.052&isi=000264528600071&citationId=p_37
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F14635770510609015&citationId=p_31
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.eswa.2006.08.012&isi=000250295300020&citationId=p_40
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1007%2FBF03326014&isi=000254582100008&citationId=p_32
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.eswa.2010.11.092&isi=000287419900182&citationId=p_41
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F02635570910948623&isi=000266141200011&citationId=p_33
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jclepro.2011.06.010&isi=000312173200005&citationId=p_42
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.3846%2F20294913.2015.1065521&isi=000373455300007&citationId=p_34
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.3846%2F20294913.2015.1065521&isi=000373455300007&citationId=p_34
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.3926%2Fjiem.2011.v4n2.p231-257&citationId=p_43
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2FIMDS-04-2013-0164&isi=000324660400001&citationId=p_35
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F13598540710826371&isi=000250515500009&citationId=p_36

Downloaded by UNIVERSITY OF NEW ENGLAND (AUS) At 00:49 02 February 2018 (PT)

Malviya, R.K. and Kant, R. (2015), “Green supply chain management (GSCM): a structured
literature review and research implications”, , Vol.22
No.7, pp. 1360-1394.

McKinnon, A., Browne, M., Piecyk, M. and Whiteing A. (2015), Green Logistics: Improving
the Environmental Sustainability of Logistics, Third Edition, Kogan Page.

Min, H. and Kim, [. (2012), “Green supply chain research: past, present, and future”,

ISR V014 No.1, pp. 39-47.

Murray, G.J. (2000), “Effects of a green purchasing strategy: the case of Belfast City
Council”, Supply Chain Management: An International Journal, Vol. No.1, pp. 37-44.

Olsthoorn, X., Tyteca, D., Wehrmeyer, W. and Wagner, M. (2001), “Environmental
indicators for business: a review of the literature and standardization methods”, Jdeiidcdma

. V0l.9, pp. 453-463.

Opricovici S. and Tzenii G.H. i2003ii “Defuzzification within a multicriteria decision
model”, ,

Vol.11 No.5, pp. 635-652.

Opricovic, S. and Tzeng, G.H. (2004), “Compromise solution by MCDM methods: A
comparative analysis of VIKOR and ToPs1s™. [
Vol.156 No.2, pp. 445-455.

Oussalah, M. (2002), “On the compatibility between defuzzification and fuzzy arithmetic

operations”, | RGN, Vo!.128 No.2, pp. 247-260.

Potgieter, J.H. (2012), “An Overview of Cement production: How “green” and sustainable is
the industry? Environmental Management and Sustainable Development”, Macrothink
Institute, Vol.1 No.2, 605-620.

Rao, P. (2002), “Greening the supply chain: a new initiative in South East Asia”,
, Vol.22 No.6, pp. 632-655.

Rao, P. and Holt, D. (2005), “Do green supply chains lead to competitiveness and economic
performance?”, , Vol.25

No.9, pp. 898-916.

Sarkis, J. (Ed.), (2001), Greener manufacturing and operations.: From design to delivery and
back. Greenleaf Publishing.

Sarkis, J. (2003), “A strategic decision framework for green supply chain management”,
, Vol.11, pp. 397-409.
Sarkis, J. (Ed.), (2006), [ N A NG . 1 in: Springer.

Srivastava, S.K. and Srivastava, R.K. (2006), ‘“Managin roduct returns for reverse

, Vol.36, pp. 524-546.

Srivastava, S.K. (2007), “Green supply-chain management: A state-of the- art literature
review”, , Vol.9 No.1, pp. 53-80.

© Emerald Publishing Limited

This is a pre-print of a paper and is subject to change before publication. This pre-print is made available with the understanding
that it will not be reproduced or stored in a retrieval system without the permission of Emerald Publishing Limited.


http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F01443570210427668&isi=000176435400011&citationId=p_53
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F01443570510613956&isi=000232421300005&citationId=p_54
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1007%2Fs12159-012-0071-3&citationId=p_46
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2FS0959-6526%2801%2900005-1&citationId=p_48
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2FS0959-6526%2802%2900062-8&isi=000181002900006&citationId=p_56
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2FS0959-6526%2801%2900005-1&citationId=p_48
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1007%2F1-84628-299-3&citationId=p_57
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1142%2FS0218488503002387&isi=000186644900008&citationId=p_49
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2FS0377-2217%2803%2900020-1&isi=000220346300012&citationId=p_50
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F09600030610684962&citationId=p_58
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F09600030610684962&citationId=p_58
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2FS0165-0114%2801%2900125-7&isi=000176093600009&citationId=p_51
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1111%2Fj.1468-2370.2007.00202.x&isi=000244543900003&citationId=p_59
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2FBIJ-01-2014-0001&citationId=p_44

Downloaded by UNIVERSITY OF NEW ENGLAND (AUS) At 00:49 02 February 2018 (PT)

The Portland Cement Association (PCA), America’s Cement Manufacturers,
http://www.cement.org/concrete-basics/manufacturing/cement-industry-sustainability-
manufacturing-program (accessed 11 December 2016).

Vachon, S. and Klassen, R.D. (2007), “Supply chain management and environmental
technologies: the role of integration”, , Vol.45
No.2, pp. 401-423.

Wagner, M. and Schaltegger, S. (2004), “The effect of corporate environmental strategy
choice and environmental performance on competitiveness and economic performance: an
empirical analysis of EU manufacturing”, NN < o.2> No.s. .
557-572.

Wu, W.W. and Lee, Y.T. (2007), “Developing global managers’ competencies using the
fuzzy DEMATEL method”, , Vol.32 No.2, pp. 499-507.

Wu, G.C., Cheng, Y.H. and Huang, S.Y. (2010), “The study of knowledge transfer and green
management performance in green supply chain management”,

fsssgenesed. V0l1.4 No.1, pp. 44-48.

Wu, K.J., Liao, C.J., Tseng, M.L. and Chiu, A.S.F. (2015), “Exploring decisive factors in
green supply chain practices under uncertainty”, &
ieaidaiddas Vol.159, pp. 147-157.

Yager, R.R. and Filev, D.P. (1994), Essentials of fuzzy modeling and control. New York: John
Wiley and Sons.

Zadeh, L.A. (1965), “Fuzzy Sets”, | | NEIGNGNGNININGE. V o!.3, pp. 338-353.

Zampese, E.R.S., Moori, R.G. and Caldeira, A. (2016), “Green marketing as a mediator
between supply chain management and organizational performance”, [Rbiis—‘s
, Vol.17 No.3, pp.183-211.

Zhu, Q. and Geng, Y. (2001), “Integrating environmental issues into supplier selection and
management; a study of large and medium-sized state-owned enterprises in China”. Greener
Management International, Vol.35 No.35, pp.27-41.

Zhu, Q. and Cote R.P. (2004), “Integrating green supply chain management into an
embryonic eco-industrial development: a case study of the Guitang Group”, it
. Vol.12, pp.1025-1035.

Zhu, Q. and Sarkis, J. (2004), “Relationships between operational practices and performance

among early adopters of green supply chain management practices in Chinese manufacturing
enterprises”. NN o122 No.5, . 265-59.

Zhu, Q., Sarkis, J. and Geng Y. (2005), “Green supply chain management in China: pressures
practices and performance”.

mssgeussed. V01.25 No.5, pp. 449-468.

Zhu, Q. and Sarkis, J., (2006), “An inter-sectoral comparison of green supply chain
management in China: drivers and practices”, ﬂ, Vol.14 No.5,
pp. 472-486.

© Emerald Publishing Limited

This is a pre-print of a paper and is subject to change before publication. This pre-print is made available with the understanding
that it will not be reproduced or stored in a retrieval system without the permission of Emerald Publishing Limited.


http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1590%2F1678-69712016%2Fadministracao.v17n3p183-211&citationId=p_68
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1590%2F1678-69712016%2Fadministracao.v17n3p183-211&citationId=p_68
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1080%2F00207540600597781&isi=000244002000009&citationId=p_61
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jclepro.2004.02.030&isi=000222076200019&citationId=p_70
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.emj.2004.09.013&citationId=p_62
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jclepro.2004.02.030&isi=000222076200019&citationId=p_70
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.eswa.2005.12.005&isi=000242979100024&citationId=p_63
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jom.2004.01.005&isi=000221894200005&citationId=p_71
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F01443570510593148&isi=000230554100004&citationId=p_72
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&isi=000276791100006&citationId=p_64
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&system=10.1108%2F01443570510593148&isi=000230554100004&citationId=p_72
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&isi=000276791100006&citationId=p_64
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jclepro.2005.01.003&isi=000235589400002&citationId=p_73
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.ijpe.2014.09.030&isi=000348890100014&citationId=p_65
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.ijpe.2014.09.030&isi=000348890100014&citationId=p_65
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2FS0019-9958%2865%2990241-X&isi=A19656567900007&citationId=p_67

Downloaded by UNIVERSITY OF NEW ENGLAND (AUS) At 00:49 02 February 2018 (PT)

Zhu, Q., Sarkis, J. and Lai, K.H. (2007), “Green supply chain management: pressures,
practices and performance within the Chinese automobile industry”,
iiadsiiad Vol.15, pp.1041-1052.

Zhu, Q., Sarkis J. and Lai, K.H. (2008), “Confirmation of a measurement model for green
supply chain management practices implementation”, —
ieaiaiddas Vol.111, pp. 261-273.

Zhu, Q., Sarkis, J. and Lai K.H. (2013), “Institutional-based antecedents and performance

outcomes of internal and external green supply chain management practices”, sttt
I /0. 19 No.2. pp. 106-117.

© Emerald Publishing Limited

This is a pre-print of a paper and is subject to change before publication. This pre-print is made available with the understanding
that it will not be reproduced or stored in a retrieval system without the permission of Emerald Publishing Limited.


http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.pursup.2012.12.001&isi=000321936800007&citationId=p_76
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.pursup.2012.12.001&isi=000321936800007&citationId=p_76
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jclepro.2006.05.021&isi=000246288600007&citationId=p_74
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.jclepro.2006.05.021&isi=000246288600007&citationId=p_74
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.ijpe.2006.11.029&isi=000252981900006&citationId=p_75
http://www.emeraldinsight.com/action/showLinks?doi=10.1108%2FIMDS-03-2017-0121&crossref=10.1016%2Fj.ijpe.2006.11.029&isi=000252981900006&citationId=p_75

Downloaded by UNIVERSITY OF NEW ENGLAND (AUS) At 00:49 02 February 2018 (PT)

1.0
M
00 —»

m, m, m;

Figure 1: A triangular fuzzy number

© Emerald Publishing Limited

This is a pre-print of a paper and is subject to change before publication. This pre-print is made available with the understanding
that it will not be reproduced or stored in a retrieval system without the permission of Emerald Publishing Limited.


http://www.emeraldinsight.com/action/showImage?doi=10.1108/IMDS-03-2017-0121&iName=master.img-038.jpg&w=243&h=135
http://www.emeraldinsight.com/action/showImage?doi=10.1108/IMDS-03-2017-0121&iName=master.img-038.jpg&w=243&h=135
http://www.emeraldinsight.com/action/showImage?doi=10.1108/IMDS-03-2017-0121&iName=master.img-038.jpg&w=243&h=135

Downloaded by UNIVERSITY OF NEW ENGLAND (AUS) At 00:49 02 February 2018 (PT)

c18
= C8
O T T
10 11 12 c3
C2+ c7
-0.5
X Cca
-1
c21

-1.5 — —¢19

-2

© Emerald Publishing Limited

This is a pre-print of a paper and is subject to change before publication. This pre-print is made available with the understanding
that it will not be reproduced or stored in a retrieval system without the permission of Emerald Publishing Limited.



Downloaded by UNIVERSITY OF NEW ENGLAND (AUS) At 00:49 02 February 2018 (PT)

Table 1: Evaluation of Main Criteria and Sub-Criteria for GSCM Performance

MAIN CRITERIA

SUB-CRITERIA

REFERENCES

Environmental Performance

Zhu and Sarkis (2004); Zhu et al.
(2008); Diabat et al. (2013);
Govindan et al.(2015a); Wu et al
(2015)

Decreasing Emissions

Govindan et al.(2015a)

Decreasing Energy
Consumption

Zhu et al. (2005); Zhu et al. (2007); Zhu et al.
(2008)

Decreasing Business
Waste

Zhu et al. (2007); Zhu et al. (2008)

Decreasing Environmental
Cost

Zhu et al. (2007); Zhu et al. (2008)

Increasing Environmental
Revenues

Azevedo et al. (2011); Govindan and Popiuc
(2014)

Economic / Financial
Performance

Hervani et al. (2005); Zhu et al.
(2008); Lin et al. (2014); Wu et
al. (2015)

Cost Oriented

Chuang (2014)

Revenue Oriented

Hervani, et al. (2005); Duarte, et al. (2011);
Laosirihongthong et al. (2013)

Operational Performance

Zhu et al. (2008); Wu et al. (2015)

Increase in Quality

Azevedo et al. (2011); Zhu et al. (2008); Diabat
etal. (2013); Zhu et al. (2013)

Increasing Efficiency

Azevedo et al. (2011); Duarte et al. (2011)

Improving Green
Manufacturing

Chuang (2014)

Improving Green
Packaging

Zhu et al. (2007); Diabat et al. (2013)

Improving Green/Eco
Design

Zhu et al. (2005); Zhu et al. (2007); Zhu et al.
(2008); Zhu and Sarkis (2006); Lin (2013); Lin
etal. (2014); Wu et al. (2015)

Logistics Performance
McKinnon et al. (2015)

Improving Green Malviya and Kant (2015)
Logistics
Improving Reverse Govindan et al. (2015b)
Logistics
Improving Green Zhu and Geng (2001); Zhu et al. (2008); Wu et
Purchasing al.(2015)

Organizational Performance

Improving Green Image

Zhu et al. (2007); Azevedo et al. (2011)

Zhu et al. (2008) Incorporating Zhu et al. (2008); Govindan et al.(2015a)
Environmental
Management
Green Information Green et al.(2012)
Systems
Marketing Performance Increasing Customer Hervani et al. (2005); Azevedo et al. (2011); Wu
Zhu and Cote (2004) Satisfaction et al.(2015)
Improving Zhu et al. (2008); Lin et al. (2014); Wu et al.

Cooperation/Collaboration
with Customers

(2015)

Marketing Measures

Duarte et al. (2011)
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Table 2: Fuzzy Linguistic Scale

Linguistic terms Triangular fuzzy numbers
Very high influence (VH) (0.75,1.0,1.0)

High influence (H) (0.5,0.75,1.0)

Low influence (L) (0.25,0.5,0.75)

Very low influence (VL) (0,0.25,0.5)

No influence (No) (0,0,0.25)
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