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Abstract: In Vietnam, as more and more organizations are moving toward globalization, green
supplier selection (GSS) has emerged as a strategic approach in supply chain management that
requires supplier practices in lessening the environmental risks to society. Based on both conventional
and environmental criteria, this paper aims to evaluate a set of suppliers by establishing a multi-
criteria decision-making (MCDM)-based framework using an integrated fuzzy analytical hierarchy
process (FAHP) with the VIseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) method.
Initially, five GSS criteria of the environmental aspect (wastewater treatment, solid waste generation,
energy consumption, air pollution, corporate social responsibility) and conventional criteria (quality,
cost, delivery, and technology) are identified from the literature and consulting field experts to employ
the MCDM approach. The trustworthiness of the proposed integrated framework is presented by
discussing a case study in the coffee bean supply chain in Vietnam. The FAHP is used to generate
criteria weights in which fuzzy set theory is applied to translate the linguistic evaluation statements
of experts, and VIKOR is used to rank the alternatives against the selected criteria. From FAHP
findings, the most important criteria are quantity discount, solid waste generation, order fulfillment
rate, logistics cost, and purchasing cost. A consistency test is performed to ensure the uniformity of
the expert’s input. The best suppliers are determined through the final ranking of the VIKOR model
for the case study. The work presented provides insight to decision-makers of supplier selection
that helps determine significant GSS criteria and aids in the minimization of environmental risks to
society arising from the supply chain on corporate sustainability standards.

Keywords: supply chain; green suppliers; conflicting criteria; coffee bean; decision making; fuzzy
set; FAHP; VIKOR

1. Introduction

In recent years, there has been a broad-based effort to make supply chains more
resilient. The concept of the sustainability-focused supply chain is coming into sharp focus,
attracting both academic and corporate interest in public and private organizations. In
effect, leading organizations concentrate especially on their global supply chains and aim
to enhance the agility and efficiency of their supply systems. Rigorous environmental rules
and policies have caused organizations to accept affirmative changes such as green supply
chain management practices [1]. Fundamentally, such organizations often experiment with
unprecedented sorts of collaboration with vendors, consumers, and competitions across
sectors and countries, increasing the sustainability of their supply chains (including the
sustainable nature of their supply chain partners) [2]. These additional efforts have been
concluded to be a high-paid investment because greener supply chains are beneficial to
both businesses and the environment. It is undeniable that global climate change is an
alarming issue; as a result, achieving a win-win situation for the environment and the
economy is critical. The green supply chain prioritizes lowering the environmental effect
during product delivery while also providing excellent customer service. Additionally, the
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COVID-19 crisis has put sustainability in supply chain context into the spotlight [3]. It has
exposed vulnerabilities throughout the government and industry to sharper focus than
ever on the value of sustainability.

In implementing sustainable supply chain initiatives and achieving social, environ-
mental, and economic gains, enhanced sustainability of inputs and suppliers is recognized
as a strategic duty. In the last few years, a growing number of multinational companies
have committed to only engage with ethical and environmental providers. As the first
step towards this trend, green supplier selection (GSS) is today among the best portfolio
approaches to sustainable-focused performance across the entire value chain. The GSS
is a significantly important task for any organization that involves handling all activities
associated with the input-transformation-output process with regard to dimensions and
criteria of sustainability [4]. For this, the companies must choose their suppliers based
on how well their practices are in each of the conventional criteria (i.e., economic aspects)
and environmental and social criteria. Working toward GSS is becoming a major part that
fosters sustainable supply chain management and builds competitive edges for companies
in areas where predominantly outsourced production, for example, food and apparel, is
involved.

While the environmental performance of supplies is a crucial dimension of world-
wide sustainable supply chain management, which is taken into account as the climate
change mitigation, this aspect is usually overlooked in the business decision of selecting
suppliers in the context of developing countries as compared to developed countries. It
is noteworthy that environmental issues have become a priority for governments and
businesses in emerging economies [5], where green concerns are new and still developing.
Developing countries face daunting challenges in ensuring a balance between develop-
ment and environmental sustainability. Nonetheless, firms in emerging economies, taking
Vietnam as a good example, are urged to examine the environmental performance of their
suppliers [6]. Given the importance of sustainable supply chain management with the
ecological dimension in the GSS, there remains a lack of discussion on the evaluation
of these green issues for supplier selection decision-making in the developing countries
context. Particularly, limited literature has been dedicated to the GSS for a wide array of
supply chains in Vietnam. Therefore, this paper suggests a multi-criteria decision-making
(MCDM) approach for the GSS problem, aiming to solve a real-world case study of the
coffee bean supply chain in Vietnam with targeting to incorporate environmental factors
into the conventional supplier selection model. In this sense, the following objectives are
identified for the presented case study:

• To understand and identify evaluation criteria for GSS from a supply chain context
in Vietnam.

• To calculate the relative importance weights of the GSS evaluation criteria for the
supply chain.

• To select the most potential green supplier from a set of alternatives in supply chain.
• To put forward managerial and practical implications of the proposed work.

Towards these purposes, this study is focused on evaluating a set of suppliers based
on both conventional and environmental criteria. Initially, from the literature review and
expert’s opinions in the supply chain context, five GSS criteria of the environmental aspect
(wastewater treatment, solid waste generation, energy consumption, air pollution, corpo-
rate social responsibility) and conventional criteria (quality, cost, delivery, and technology)
have been identified. A hybrid MCDM approach consisting of fuzzy Analytical Hierarchy
Process (FAHP) and VIseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR)
methodology is proposed. The strength of FAHP is the ability to handle uncertainty and
perform pairwise comparisons to ensure consistent rankings from the decision-makers,
while VIKOR is able to handle a large number of alternatives and generates alternative
rankings based on proximity to the ideal solution. We adopt this hybrid approach to use the
merits offered by both methods, designating FAHP for weighting the considered criteria,
and VIKOR for ranking the suppliers (alternatives). To the best of the authors’ knowledge
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and reviewed literature (elaborated in Section 2), this is the first study that employs the
combination of FAHP and VIKOR techniques to identify and prioritize GSS evaluation
criteria and evaluate the potential green suppliers in a case study of the supply chain in
Vietnam for sustainability.

The rest of this paper proceeds as follows. In Section 2, we present the related
literature on GSS criteria, approaches, and research gaps. Section 3 contains the theoretical
background of the proposed methodology. The case study with the implementation of
the proposed methods and results analysis are presented in Section 4 to exhibit real-life
applicability. In Section 5, implications and managerial insights are discussed, while
concluding remarks and future research directions are also well-depicted.

2. Literature Review
2.1. Literature Review on GSS Approaches and Criteria Selection

Traditional approaches to the supplier selection problem were limited to economic
aspects. However, due to increased customer knowledge and ecological pressures from
markets and various stakeholders, recent studies have adopted methods that take into
account the green level and development trends in companies in the upper and lower
streams. Luthra et al. [7] pointed out that businesses have emphasized the significance of
greening and sustainability in their supply chain through supplier selection, leading to the
necessity of green and sustainability-focused evaluation systems for supplier selection. The
authors developed an AHP-VIKOR framework to evaluate sustainable supplier selection
considering social and environmental criteria along with economic criteria from a supply
chain context. The method was utilized to solve a real-world problem and the results
indicated environmental costs, quality of product, price of product, occupational health
and safety systems, and environmental competencies as the top five criteria. On the same
note, Memari et al. [8] utilized the fuzzy TOPSIS method to select the right sustainable
supplier for a manufacturer considering environmental efficiency, green image, pollution
reduction, green competencies, safety and health, and employment practices, in addition to
conventional criteria such as costs, quality, and service performance. Using an integrated
fuzzy MCDM framework, Gupta et al. [4] investigated a GSS problem with six green
supplier selection environmental criteria (environmental management system, green image,
staff environment training, eco-design, pollution control, and resource consumption) and
three conventional criteria (price, quality, and service level). The authors found that
environment management system, pollution control, quality, and green image ranked as
the topmost four GSS criteria. Awasthi et al. [9] proposed an integrated MCDM approach-
based framework for sustainable global supplier selection with five sustainability criteria
(economic, quality, environment, social, and global risk). The research aimed to enable
managers to decide supplier development approaches for high-risk or poorly performing
suppliers on corporate sustainability standards.

In Table 1, the criteria included in some recent studies on GSS and relevant sectors
are listed. The table shows that some studies only considered a few key criteria, while
some research has shifted to covering a more comprehensive set of criteria which led to
robust results. These factors were identified by exhaustively reviewing the literature and
were further narrowed with the assistance of a panel of experts and case decision-makers
in the coffee bean supply chain in Vietnam. The committee confirmed that the set was
comprehensive, covered different aspects of the assessment process, and recommended
using it as the final set.
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Table 1. The list of relative criteria applied in previous studies.
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Chan et al. (2008) [10] 7 7 7 7 7 7

Agarwal and Vijayvargy (2011) [11] 7 7 7

Mani et al. (2014) [12] 7 7 7 7 7

Dweiri et al. (2016) [13] 7 7 7 7 7

Fallahpour et al. (2016) [14] 7 7 7 7 7 7 7

Govindan et al. (2017) [15] 7 7 7 7 7 7 7 7 7 7

Azimifard et al. (2018) [16] 7 7 7 7 7 7 7

Laosirihongthong et al. (2019) [17] 7 7 7 7 7

Pishchulov et al. (2019) [18] 7 7 7 7 7 7 7 7 7

Xu et al. (2019) [19] 7 7 7 7 7

Dospinescu et al. (2020) [20] 7 7 7

Santos et al. (2020) [21] 7 7

Wang et al. (2021) [22] 7 7 7

Cheng et al. (2021) [23] 7 7

Wang et al. (2021) [24] 7 7 7

2.2. Literature Review on Proposed Methodologies

For the selection of a potential supplier, which is a complex decision-making pro-
cedure, to reduce the preliminary set of suppliers to the final choices, various MCDM
techniques have been developed in the last few years to address these challenges. A high
degree of uncertainty is associated with these decision-making processes. MCDM methods
assist research in handling both qualitative and quantitative measurements while distin-
guishing the importance levels of a cluster of alternatives and conflicting criteria based
on their limitations, preferences, and priorities of the decision-makers [25]. A range of
MCDM methodologies/techniques have been suggested by various researchers in the area
of supplier selection towards green and sustainable practices. Table 2 provides a summary
of several academics and practitioners’ approaches for selecting green and sustainable
suppliers.

Among different decision-making methods, AHP is widely used in determining
relative importance while VIKOR is a powerful alternative evaluation method [26]. The
AHP method [27] is one of the most used MCDM methods in the literature. This method
considers that criteria for evaluation may be expressed in a hierarchical framework. The
classical AHP takes account of decision makers’ explicit judgements [28]. Although the
conventional AHP reflects the experts’ views on numerous criteria and alternatives, it is not
able to deal with people’s frequently ambiguous estimates [29]. To address this uncertainty
in estimates, the power of the fuzzy set theory has been used to combine AHP with fuzzy
logic, making the assessment process flexible and able to explain expert preferences. In
the context of conflicting criteria in complex systems, VIKOR is a compromise ranking
method proposed by Opricovic [30] that can be used to rank and determine one option
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from a group of alternatives. VIKOR creates a multi-criteria rating index based on a specific
assessment of closeness to the ideal solution.

Table 2. Summary of methodologies and approaches in supplier’s selection toward sustainability.

Relevant Studies Methodologies/Techniques Used Issues Addressed

Lee et al. (2009) [31] Fuzzy AHP Green supplier selection

Büyüközkan and Çifçi (2011) [32] Fuzzy AHP Sustainable supplier selection with incomplete
information

Shaw et al. (2012) [33] Fuzz AHP and Fuzzy Multi-Objective
Linear Programming (MOLP)

Supplier selection for developing low carbon
supply chain

Govindan et al. (2013) [34] Fuzzy TOPSIS Measurement of supplier performances based on
sustainability

Shen et al. (2013) [35] Fuzzy TOPSIS Green supplier selection in global supply chain
Kannan et al. (2013) [36] Fuzzy AHP and TOPSIS Green supplier selection

Dou et al. (2014) [37] Grey ANP Evaluation of green supplier development
programs

Kannan et al. (2014) [38] Fuzzy TOPSIS Green supplier’s selection based on GSCM
practices

Luthra et al. (2017) [7] AHP and VIKOR Sustainable supplier selection
Azimifard et al. (2018) [16] AHP and TOPSIS Sustainable supplier selection

Awasthi et al. (2018) [9] Fuzzy AHP and Fuzzy VIKOR Multi-tier sustainable global supplier selection

Gupta et al. (2019) [4] Fuzzy AHP, TOPSIS, MABAC and
WASPAS Green supplier selection

Memari et al. (2019) [8] Intuitionistic fuzzy TOPSIS Sustainable supplier selection
Wong (2020) [39] Fuzzy goal programming Green supplier selection with risk management

Çalık (2021) [40] Pythagorean fuzzy AHP and fuzzy
TOPSIS Green supplier selection in the industry 4.0 era

3. Methodology
3.1. Fuzzy Analytical Hierarchy Process (FAHP)

Fuzzy set theory was first introduced by Zadeh [41]. The triangular fuzzy number
(TFN) is the primary model, as can be described in Figure 1 and Equation (1). The TFN
function is described by (a, b, c) which are the lower bound, middle bound and upper
bound of the fuzzy set, respectively.

Figure 1. TFN membership function.

µ
(

x/F̃
)
=


x−a
b−a , a ≤ x ≤ b
c−x
c−b , b ≤ x ≤ c
0, otherwise

(1)

Following that, the membership function of the linguistic scale is shown in Equation (2):

F̃ = (Fl(y), Fr(y)) = [a + (b− a)y, c + (b− c)y], y ∈ [0, 1] (2)

where Fl(y), Fr(y) are two sides of the membership function.
The fuzzy analytical hierarchy process (FAHP), an extension of AHP, overcomes AHP’s

shortcomings and solves various MCDM problems in fuzzy settings. Table 3 presents the
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membership function of a linguistic scale in a fuzzy analytical hierarchy process (FAHP)
model. The following procedures of the FAHP model are shown as follows [42]:

Table 3. Membership function of linguistic scale in FAHP model.

Scale Linguistic Expression Scale of Fuzzy Number

1̃ Equivalent importance (1, 1, 1)
2̃ Weak (1, 2, 3)
3̃ Medium importance (2, 3, 4)
4̃ Preferable (3, 4, 5)
5̃ Strong importance (4, 5, 6)
6̃ Fairly (5, 6, 7)
7̃ Very important (6, 7, 8)
8̃ Absolute (7, 8, 9)
9̃ Extreme importance (8, 9, 10)

Step 1: Conduct the pairwise comparison matrices D̃ for all criteria. This matrix is an
n× n real matrix, where n is the number of criteria. Each element of matrix D̃

(
d̃ij

)
denotes

the importance of the ith criterion over the jth criterion. The relative importance between
two criteria is measured according to the numerical scale of 1̃–9̃ by assigned linguistic
variables (i.e., triangular fuzzy number (TFN)). A tilde symbol (∼) is placed above the
parameter symbols to indicate imprecise data including the pessimistic, most likely and
optimistic values.

Suppose that a decision group consists of K experts. The aggregated fuzzy pairwise
comparison matrix is created using the geometrical mean, as in Equation (3):

D̃ =


1 d̃12 · · · d̃1n

d̃21 1 · · · d̃2n
· · · · · · · · · · · ·
d̃n1 d̃n2 · · · 1

 =


1 d̃12 · · · d̃1n

1/d̃12 1 · · · d̃2n
· · · · · · · · · · · ·

1/d̃1n 1/d̃2n · · · 1

 (3)

where d̃ij =

{
9̃−1, 8̃−1, 7̃−1, 6̃−1, 5̃−1, 4̃−1, 3̃−1, 2̃−1, 1̃−1, 1̃, 2̃, 3̃, 4̃, 5̃, 6̃, 7̃, 8̃, 9̃ such that i 6= j

1 such that i = j
.

Step 2: Following that, the fuzzy geometric mean of each criterion is defined, as can
be seen in Equation (4):

r̃i =

(
n

∏
j=1

d̃ij

)1/n

such that i = 1, 2, . . . , n (4)

where r̃i denotes the fuzzy geometric mean, and d̃ij is the fuzzy comparison value of the
dimension ith to the criterion jth.

Step 3: Then, the relative fuzzy preference weights of each criterion are defined by
Equation (5):

w̃i = r̃i ⊗ (r̃1 ⊕ r̃2 ⊕ . . .⊕ r̃n)
−1 (5)

where w̃i is the fuzzy weights of the ith criterion, which can be presented as
w̃i = (lwi, mwi, uwi), such that lwi, mwi, uwi are the lower-, middle-, and upper-bound of
w̃i, respectively.

Step 4: Defuzzify the relative fuzzy preference weights by using the average weight
criteria Hi, as can be seen in Equation (6).

Hi =
lwi + mwi + uwi

3
(6)
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Step 5: Finally, the normalized relative preference weight of each criterion Fi is calcu-
lated in Equation (7).

Fi =
Hi

∑n
i=1 Hi

(7)

After building the pairwise comparison matrices and calculating the relative weights
of criteria, the consistency of the paired comparison matrices should be verified, as follows.

Step 6: Develop normalized matrices. Divide each number in a column of the compar-
ison matrix by its column sum.

Step 7: Develop the priority vector. The priority vector (f ) is determined by averaging
the row entries in the normalized matrix.

Step 8: Calculate the consistency ratio (CR), as can be seen in Equations (8)–(10). In
this step, the relevant priorities are provided by the priority vector (f ) matching to the
largest eigenvector (λmax).

A× f = λmax × f (8)

The consistency index (CI) is calculated based on the largest value of the eigenvector
(λmax) and the number of criteria (n).

CI =
λmax − n

n− 1
(9)

The consistency ratio (CR) is built according to the ratio of the consistency index (CI)
and the random index (RI), i.e., as can be seen in Table 4.

CR =
CI
RI

(10)

Table 4. The values of random index (RI).

n 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59

If CR ≤ 0.1, the results are satisfactory. Otherwise, the pairwise comparision matrix
must be re-evaluated.

3.2. Visekriterijumska Optimizacija I Kompromisno Resenje (VIKOR)

VIsekriterijumska optimizacija i KOmpromisno Resenje (VIKOR) is a multiple criteria
optimization method with conflicting criteria based on the proximity between each evalua-
tion value of the alternative and the ideal solution. The objective of the VIKOR method
is to obtain compromised ranking with maximum “the group utility” and minimum “the
individual regret”. The procedures of VIKOR are shown as follows [43].

Step 1: Determine the predefined preference weight of each criterion. In this paper,
the relative preference weight of each criterion is computed from the FAHP model.

Step 2: Determine the set of best value f+i (positive ideal solutions) and the set of worst
value f−i (negative ideal solutions) for all the criteria, as shown in Equations (11) and (12).

f+i = max
j

fij, f−i = min
j

fij f or set o f bene f it criteria (11)

f+i = min
j

fij, f−i = max
j

fij f or set o f cost criteria (12)

Step 3: Determine the normalized difference dij between the performance rating fij
and the set of best value f+i , or the set of worst value f−i , as Equations (13) and (14).

dij =
(

f+i − fij
)
/
(

f+i − f−i
)

f or set o f bene f it criteria (13)

dij =
(

fij − f+i
)
/
(

f−i − f+i
)

f or set o f cost criteria (14)
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Step 4: Determine the maximum “the group utility” Sj of alternative Aj from the set of
best value f+i , as well as determine the minimum “the individual regret” Rj of alternative
Aj from the set of worst value f−i , as shown in Equations (15) and (16):

Sj =
n

∑
i=1

(
widij

)
(15)

Rj = max
i

(
widij

)
(16)

where wi denotes the weights of each criterion.
Step 5: Determine “the worse group score” values Qj (i.e., the parameter used for

ranking the alternatives), as can be seen in Equations (17)–(19) as follows:

S+ = min
j

Sj, S− = max
j

Sj (17)

R+ = min
j

Rj, R− = max
j

Rj (18)

Qj = v
(
Sj − S+

)
/
(
S− − S+

)
+ (1− v)

(
Rj − R+

)
/
(

R− − R+
)

(19)

where v denotes the strategy of the maximum “the group utility”, which can be varied
from 0 to 1, while (1− v) denotes the strategy of the minimum “the individual regret”. In
this paper, the value of v is considered to be 0.5 (v = 0.5) for beginning analysis.

Step 6: The alternatives are ranked by sorting the values S, R, Q in ascending order.
In this study, the alternative with the smallest value of Q ranking is dominated as the
optimal solution.

3.3. Research Framwork

As shown in Figure 2, the flow of the research includes two phases. In the first phase
(define criteria list and apply fuzzy AHP), fuzzy AHP (i.e., the weighting method) is used to
determine the preference weight of the list of criteria, which is defined based on the expert’s
consultant and previous literature review. Table 5 presents the list of criteria and definitions
for green supplier selection. As mentioned, this paper considers five aspects and 15 criteria,
which are quality (C1), cost (C2), delivery (C3), technology (C4), and environment (C5). In
the second phase (apply VIKOR and result analysis), VIKOR (i.e., the compromise ranking
method) is applied to rank the suppliers according to the decision-makers preferences. It
is important to note that the preference weights of each criterion and the rating of each
alternative are conveyed in linguistic terms using triangular fuzzy numbers. A case study
of the coffee bean supply chain in Vietnam is used to demonstrate the model’s effectiveness.

Table 5. The list of criteria and definition for green supplier selection.

Aspects Criteria Attribute Definition

Quality (C1)
C11. Supply availability Benefit Supply capability of suppliers

C12. Defect rate Cost The rate of materials rejected by quality department
C13. Customer complaint Cost The percentage of dissatisfaction of customers

Cost (C2)
C21. Purchasing cost Cost Cost of materials from suppliers

C22. Logistics cost Cost Transportation cost to supply materials
C23. Quantity discount Benefit Reduction in the materials cost with a large quantity

Delivery (C3) C31. Order fulfillment rate Benefit Ability of compliance with the predetermined order quantities
C32. Just in time delivery Benefit Ability to meet delivery schedules or promises

Technology
(C4)

C41. Tracking and tracing system Benefit Track and trace technologies of materials among suppliers and
customers

C42. R&D capability Benefit Research and development infrastructure
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Table 5. Cont.

Aspects Criteria Attribute Definition

Environment
(C5)

C51. Wastewater treatment Benefit Ability to remove contaminants from wastewater and convert it
into an effluent

C52. Solid waste generation Cost Solid waste management such as collecting, treating, and
disposing of solid material

C53. Energy consumption Cost The amount of energy used in manufacturing process
C54. Air pollution Cost Quantity control of hazardous emissions (COx, SOx, NHx)

C55. Corporate social
responsibility Benefit Labor policies, employee benefits, carbon footprints comply

with CSR standards

Figure 2. The research framework for green supplier selection.

We invited five experts, who work in procurement, logistics, and planner departments,
to evaluate the pairwise importance of the five main aspects (quality, cost, delivery, technol-
ogy, and environment) and 15 criteria through face-to-face interviews and email. This team
of five experts have many years of working experience in the coffee bean supply chain in
Vietnam. After being shortlisted for the list of criteria, those experts then determined the
relative importance of each criterion using the concept of linguistics variables and fuzzy
AHP (as presented in Section 3.1). A summary of survey results from experts in the FAHP
model is presented in Tables A1 and A2 (Appendix A).

4. Case Study and Results Analysis
4.1. Case Study

Coffee significantly contributes to the GDP of Vietnam, generates jobs, and promotes
socio-economic growth. In Vietnam, there are many coffee farms, which are located in Lam
Dong, Dak Nong, Quang Tri, Dien Bien, and Son La provinces. However, the Vietnamese
coffee industry is plagued by productivity, quality, and price issues, all of which are
threatening the industry’s long-term sustainability. The most important aspect appears to
be the supplier selection procedure, as it aids in the production of high-quality products
and customer satisfaction, as well as reduction of the supply chain cost [44].

This paper involves an application of fuzzy multi-criteria decision making (FMCDM)
by combining FAHP and VIKOR methods for choosing the optimal green suppliers. A case
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study of the coffee bean supply chain in Vietnam is used to show the effectiveness of the
proposed model. After preliminary evaluation, this paper considers 10 green suppliers
which are located in Ho Chi Minh city, Vietnam (GS-01 to GS-10), as can be seen in Table 6.
A team of five experts who all have many years of working experience in the coffee bean
supply chain in Vietnam, helped to do survey questionnaires in the performance rating
process.

In the proposed model, FAHP is applied to identify the significant level of criteria.
Following that, VIKOR is applied to rank all suppliers in order to obtain the compromised
ranking with maximum “the group utility” and minimum “the individual regret”. The
hierarchy tree for green supplier selection is presented in Figure 3. The criteria system
consists of five aspects with a total of 15 criteria, which are quality (supply availability,
defect rate, customer complaint), cost (purchasing cost, logistics cost, quantity discount),
delivery (order fulfillment rate, just in time delivery), technology (tracking and tracing
system, R&D capability), and environment (wastewater treatment, solid waste generation,
energy consumption, air pollution, corporate social responsibility).

Figure 3. The hierarchy tree for green supplier selection.
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Table 6. The list of green supplier companies.

No. Suppliers Symbol

1 Minh Hai Coffee GS-01
2 Son Viet Coffee GS-02
3 Buon Me Coffee GS-03
4 Café Motherland GS-04
5 Café R&A GS-05
6 90S Coffee GS-06
7 Favio Coffee GS-07
8 Taf Coffee GS-08
9 Rocking Coffee GS-09
10 Nguyen Chat Coffee GS-10

4.2. Results of FAHP

In the FAHP method, the consistency ratio (CR) has a significant impact on the
outcome. This part presents an example of the calculation of FAHP procedures. The expert
team conducts preliminary performance rating for the five main aspects including quality
(C1), cost (C2), delivery (C3), technology (C4), and environment (C5). Tables A2 and A3
(Appendix A) present the rating performance matrix and the integrated fuzzy comparison
matrix of the FAHP model, respectively.

To check the consistency ratio (CR) of the performance evaluation rating, the linguistics
words (triangular fuzzy number) are converted to crisp values using the pessimistic (lower
bound) and optimistic (upper bound) values of the fuzzy comparison matrix [45,46].
Table A4 (Appendix A) presents the defuzzied comparison matrix of the five main aspects
in the FAHP model.

The normalization procedures of the five primary aspects of the FAHP model are ob-
tained by dividing each value in a column of the matrix by its column total to create the
normalized pairwise comparison matrix. Then, the priority vector is then calculated by
averaging the row entries in the normalized matrix, as can be seen in Table A5 (Appendix A).

In this step, the largest eigenvector (λmax) is computed in order to define the consis-
tency index (CI), the random index (RI), and the consistency ratio (CR), as follows.

0.3241 0.3412 0.1302 0.3235 0.4179
0.1871 0.1970 0.2911 0.3235 0.1393
0.1871 0.0509 0.0752 0.0404 0.0623
0.1146 0.0697 0.2126 0.1144 0.1393
0.1871 0.3412 0.2911 0.1981 0.2413

×


0.3074
0.2276
0.0832
0.1301
0.2518

 =


1.6497
1.2405
0.4304
0.6998
1.3709




1.6497
1.2405
0.4304
0.6998
1.3709

/


0.3074
0.2276
0.0832
0.1301
0.2518

 =


5.3669
5.4504
5.1748
5.3795
5.4453


This paper considered five main aspects. Therefore, we obtain n = 5. Following that,

the largest eigenvector λmax and the consistency index CI are calculated as follows:

λmax =
5.3669 + 5.4504 + 5.1748 + 5.3795 + 5.4453

5
= 5.3634

CI =
λmax − n

n− 1
=

5.3634− 5
5− 1

= 0.9808

such that n = 5, we obtain the random index RI = 1.12, and the consistency ratio (CR) is
calculated as follows:

CR =
CI
RI

=
0.9808
1.12

= 0.0811
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Based on the result, CR = 0.0811 < 0.1. Hence, the pairwise comparison matrix is
completely consistent, and the obtained result of the FAHP model is totally satisfactory.
Following that, other criteria are calculated using the same procedure. The integrated fuzzy
comparison matrix of all criteria is presented in Table A6 (Appendix A).

Consequently, the relative preference weights of each criterion in the FAHP model are
presented in Table 7.

Table 7. The relative preference weights of each criterion in FAHP model.

Aspects Criteria Fuzzy Weights Defuzzy Normalize

Quality (C1)
C11. Supply availability 0.0287 0.0666 0.1565 0.0839 0.0694

C12. Defect rate 0.0243 0.0539 0.1257 0.0680 0.0562
C13. Customer complaint 0.0229 0.0495 0.1108 0.0611 0.0505

Cost (C2)
C21. Purchasing cost 0.0314 0.0744 0.1684 0.0914 0.0756

C22. Logistics cost 0.0368 0.0810 0.1792 0.0990 0.0819
C23. Quantity discount 0.0483 0.0968 0.1925 0.1125 0.0931

Delivery (C3) C31. Order fulfillment rate 0.0372 0.0829 0.1814 0.1005 0.0831
C32. Just in time delivery 0.0325 0.0711 0.1500 0.0845 0.0699

Technology (C4) C41. Tracking and tracing system 0.0302 0.0656 0.1399 0.0786 0.0650
C42. R&D capability 0.0373 0.0772 0.1579 0.0908 0.0751

Environment
(C5)

C51. Wastewater treatment 0.0228 0.0481 0.1081 0.0597 0.0494
C52. Solid waste generation 0.0384 0.0852 0.1785 0.1007 0.0833
C53. Energy consumption 0.0270 0.0568 0.1211 0.0683 0.0565

C54. Air pollution 0.0226 0.0468 0.1000 0.0565 0.0467
C55. Corporate social responsibility 0.0213 0.0441 0.0945 0.0533 0.0441

In this study, the performance rating from experts is described by linguistic variables,
which are expressed in triangular fuzzy numbers with pessimistic, most likely, and opti-
mistic values. The results presented that the fuzzy geometric mean is used to calculate the
preference weights of each criterion. For example, the fuzzy preference weight of criteria
supply availability (C11) has the pessimistic value of 0.0287, the most likely value of 0.0666,
and the optimistic value of 0.1565. As the same calculation, the fuzzy preference weight of
criteria defect rate (C12) has the pessimistic value of 0.0243, the most likely value of 0.0539,
and the optimistic value of 0.1257. Other criteria have similar descriptions. Following that,
the average weight criteria will be used to defuzzify these fuzzy preference weights into
crisp values. Then, the normalized weights are for ranking suppliers by the VIKOR model
in the next step.

The significant level of criteria in the FAHP model is presented in Figure 4. From
the results, quantity discount (C23), solid waste generation (C52), order fulfillment rate
(C31), logistics cost (C22), and purchasing cost (C21) achieve the most significant impact,
at 0.1125, 0.1007, 0.1005, 0.0990, and 0.0914, respectively. The results suggest that, in the
assessment of experts in the coffee bean industry, cost (i.e., quantity discount, logistics cost,
purchasing cost) is more important than other aspects such as quality, delivery, technology,
and environment.

4.3. Results of VIKOR

VIKOR is particularly useful when there are multiple alternatives and conflicting
criteria, and hence, it is well suited to evaluating and selecting suppliers. It provides a
multi-criteria ranking index based on the proximity to the ideal solution measurement.
In the VIKOR model, the fundamental principle is to rank many alternatives using a
compromise solution strategy that maximizes Sj “the group utility” while minimizing Rj
“the individual regret”. According to the procedure of the VIKOR model, the set of the best
value f+i and the worst value f−i are presented in Table 8, as follows.
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Figure 4. The significant level of criteria in FAHP model.

Table 8. The set of best value and worst value in VIKOR model.

Aspects Criteria Attribute Best Value f+
i Worst Value f−i

Quality (C1)
C11. Supply availability Benefit 0.0280 0.0082

C12. Defect rate Cost 0.0065 0.0233
C13. Customer complaint Cost 0.0060 0.0213

Cost (C2)
C21. Purchasing cost Cost 0.0087 0.0321

C22. Logistics cost Cost 0.0105 0.0342
C23. Quantity discount Benefit 0.0359 0.0135

Delivery (C3) C31. Order fulfillment rate Benefit 0.0335 0.0147
C32. Just in time delivery Benefit 0.0285 0.0132

Technology (C4) C41. Tracking and tracing system Benefit 0.0271 0.0109
C42. R&D capability Benefit 0.0313 0.0076

Environment (C5)

C51. Wastewater treatment Benefit 0.0197 0.0077
C52. Solid waste generation Cost 0.0149 0.0323
C53. Energy consumption Cost 0.0063 0.0232

C54. Air pollution Cost 0.0070 0.0201
C55. Corporate social responsibility Benefit 0.0161 0.0054

This paper considers the top 10 green suppliers (GS-01 to GS-10) of the coffee bean
supply chain in Vietnam. The final ranking of the suppliers is built by sorting the values of
Qj “the compromise group score” in ascending order (i.e., the smaller value of Qj, the better
alternative is). Following that, the relative parameter used for ranking the suppliers and
the final ranking of the green suppliers in the VIKOR model is presented in Table 9. Based
on the results, the top three potential green suppliers in the coffee bean are GS-06, GS-10,
and GS-08, which are ranked at the first, second, and third position with the compromise
group score of each supplier of 0.1093, 0.1143, and 0.1502, respectively.

The 90S Coffee (GS-06) is the possible optimal supplier from the proposed model
based on the considered criteria and invited expert’s judgments. According to [47], the
90S Coffee supplier specializes in providing roasted and ground coffee beans with the best
delivery service and quality in Ho Chi Minh city and throughout Vietnam. The products
always bring a rich flavor, as well as an ecstatic aroma from the roasting process and
preservation formula. Therefore, this paper can offer decision-makers, policymakers, and
relevant industries a valuable decision-making guideline in selecting suitable suppliers of
the coffee bean chain.
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Table 9. The relative parameter used for ranking the suppliers in VIKOR model.

Suppliers Group Utility Sj Group Regret Rj Group Score Qj Ranking

GS-01 0.5718 0.0931 1.0000 10
GS-02 0.4403 0.0833 0.4129 8
GS-03 0.5644 0.0831 0.8181 9
GS-04 0.5076 0.0655 0.3519 6
GS-05 0.5158 0.0615 0.3162 5
GS-06 0.4530 0.0615 0.1093 1
GS-07 0.4680 0.0768 0.4007 7
GS-08 0.4605 0.0625 0.1502 3
GS-09 0.4497 0.0660 0.1696 4
GS-10 0.4198 0.0687 0.1143 2

5. Discussions and Conclusions

In the presented research work, an effective hybrid MCDM model for GSS with
emphasis on coffee bean supply chain issues is established. A case study in Vietnam is
presented to test the trustworthiness of the proposed integrated framework. The results
of the case study are visualized in Figure 5. The significant advantage of this paper is the
selection of the GSS evaluation criteria which are developed through field experts and
the existing literature. Thereby, five GSS criteria of the environmental aspect (wastewater
treatment, solid waste generation, energy consumption, air pollution, corporate social
responsibility) and conventional criteria (quality, cost, delivery, and technology) have
been identified. All the listed criteria will help managers of allied businesses to handle
numerous challenges and aid in the minimization of environmental risks to society arising
from poorly performing suppliers, leading to eco-friendly products.

Figure 5. Green suppliers’ final ranking in the VIKOR model.

The FAHP method is utilized for the determination of the criteria weights, which
later have been employed as inputs for VIKOR methodology in order to select the best
supplier. In general, experts and decision-makers use linguistic phrases rather than plain
numbers for expressing their assessments. Thus, the application of fuzzy set theory helps
reserve the degree of subjectivity and mitigate the subjectivity in the problems of decision
making. Evaluation criteria that have obtained maximum weight priority in the analysis
are quantity discount, solid waste generation, order fulfillment rate, logistics cost, and
purchasing cost. While several aspects such as service quality, economic factors, and
technology have been focused on in supplier performance management, bearing in mind
social and environmental subjects still remains a challenge, especially in context of the food
and beverage supply chain issues in Vietnam. In the process of selecting green suppliers, the
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fusion of environmental criteria is becoming increasingly important. Decision-makers and
management teams can help by providing and developing new model supplier selection
and analysis instruments across several issues facing supply chain management specialists
in the procurement process [48].

In the process of selecting green suppliers, the merging of environmental criteria
becomes increasingly significant. Decision-makers and managers can benefit from the
availability and development of GSS models and analysis tools that assist them in tackling
many issues faced by supply chain management experts in procurement procedures. Man-
agers of allied companies can evaluate their suppliers using the presented methodology.
Consequently, the results obtained can be used as a significant material for the organiza-
tion’s supply chain so that no insignificant vendor can be entered into the supply chain.
This will help in noteworthy resource and cost-saving and lessening of the environmental
impacts.

For future studies, the proposed method in this paper can be associated with more
novel factors that are impactful in the supply chain context. Methodologically, different
MCDM techniques such as TOPSIS, PROMETHEE, WASPAS, DEA, to name a few, or
combinations of them could be utilized [49,50]. Further research could also apply the
proposed method or relevant approaches to specific supply chain cases of many more
industries to test the general validity of the results. Sensitivity analysis and comparison
analysis can be implemented for the decision-makers to test the observation stability of the
model.
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Appendix A

Table A1. A summary of survey results from experts in the FAHP model.
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Table A1. Cont.
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Table A1. Cont.
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Table A2. The rating performance matrix in the FAHP model.
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C1 x C2
C1 x C3
C1 x C4
C1 x C5
C2 x C3
C2 x C4
C2 x C5
C3 x C4
C3 x C5
C4 x C5

Table A3. The integrated fuzzy comparison matrix in the FAHP model.

Aspects Quality (C1) Cost (C2) Delivery (C3) Technology (C4) Environment (C5)

Quality (C1) (1, 1, 1) (1, 2, 3) (1, 2, 3) (2, 3, 4) (1, 2, 3)
Cost (C2) (1/3, 1/2, 1) (1, 1, 1) (3, 4, 5) (2, 3, 4) (1/3, 1/2, 1)

Delivery (C3) (1/3, 1/2, 1) (1/5, 1/4, 1/3) (1, 1, 1) (1/4, 1/3, 1/2) (1/5, 1/4, 1/3)
Technology (C4) (1/4, 1/3, 1/2) (1/4, 1/3, 1/2) (2, 3, 4) (1, 1, 1) (1/3, 1/2, 1)

Environment (C5) (1/3, 1/2, 1) (1, 2, 3) (3, 4, 5) (1, 2, 3) (1, 1, 1)

Table A4. The defuzzied comparison matrix in the FAHP model.

Aspects Quality (C1) Cost (C2) Delivery (C3) Technology (C4) Environment (C5)

Quality (C1) 1 1.7321 1.7321 2.8284 1.7321
Cost (C2) 0.5774 1 3.8730 2.8284 0.5774

Delivery (C3) 0.5774 0.2582 1 0.3536 0.2582
Technology (C4) 0.3536 0.3536 2.8284 1 0.5774

Environment (C5) 0.5774 1.7321 3.8730 1.7321 1
Total 3.0856 5.0759 13.3064 8.7425 4.1450

Table A5. The normalized matrix in the FAHP model.

Aspects Quality (C1) Cost (C2) Delivery (C3) Technology
(C4)

Environment
(C5) Priority Vector

Quality (C1) 0.3241 0.3412 0.1302 0.3235 0.4179 0.3074
Cost (C2) 0.1871 0.1970 0.2911 0.3235 0.1393 0.2276

Delivery (C3) 0.1871 0.0509 0.0752 0.0404 0.0623 0.0832
Technology

(C4) 0.1146 0.0697 0.2126 0.1144 0.1393 0.1301

Environment
(C5) 0.1871 0.3412 0.2911 0.1981 0.2413 0.2518

Total 1 1 1 1 1 1

Table A6. The integrated fuzzy comparison matrix in the FAHP model.

Criteria C11 C12 C13 C21

C11. Supply availability 1.00 1.00 1.00 1.22 1.93 2.86 0.52 0.87 1.55 0.31 0.46 0.87
C12. Defect rate 0.35 0.52 0.82 1.00 1.00 1.00 0.49 0.80 1.35 0.49 0.80 1.35
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Table A6. Cont.

C13. Customer complaint 0.64 1.15 1.93 0.74 1.25 2.05 1.00 1.00 1.00 1.06 1.78 2.70
C21. Purchasing cost 1.15 2.17 3.18 0.74 1.25 2.05 0.37 0.56 0.94 1.00 1.00 1.00

C22. Logistics cost 0.49 0.80 1.35 0.74 1.25 2.05 0.74 1.25 2.05 0.30 0.43 0.76
C23. Quantity discount 0.39 0.61 1.08 0.56 0.87 1.43 0.49 0.80 1.35 0.39 0.61 1.08

C31. Order fulfillment rate 0.39 0.61 1.08 0.56 0.87 1.43 0.49 0.80 1.35 0.39 0.61 1.08
C32. Just in time delivery 0.52 0.87 1.55 0.74 1.25 2.05 1.64 2.70 3.73 2.35 3.37 4.37

C41. Tracking and tracing system 1.32 2.35 3.37 1.08 1.74 2.46 0.87 1.25 1.74 0.52 0.87 1.55
C42. R&D capability 0.46 0.74 1.18 1.32 2.35 3.37 1.22 1.93 2.86 0.52 0.87 1.55

C51. Wastewater treatment 1.06 1.78 2.70 0.26 0.36 0.57 0.87 1.25 1.74 0.52 0.87 1.55
C52. Solid waste generation 0.49 0.80 1.35 1.32 2.35 3.37 2.05 3.10 4.13 1.32 2.35 3.37
C53. Energy consumption 0.49 0.80 1.35 1.32 2.35 3.37 2.05 3.10 4.13 0.46 0.74 1.18

C54. Air pollution 0.49 0.80 1.35 0.46 0.74 1.18 2.05 3.10 4.13 0.46 0.74 1.18
C55. Corporate social

responsibility 0.80 1.25 1.89 0.46 0.74 1.18 0.50 0.74 1.08 0.30 0.43 0.76

Criteria C22 C23 C31 C32

C11. Supply availability 0.74 1.25 2.05 0.92 1.64 2.55 0.92 1.64 2.55 0.64 1.15 1.93
C12. Defect rate 0.49 0.80 1.35 0.70 1.15 1.78 0.70 1.15 1.78 0.49 0.80 1.35

C13. Customer complaint 0.49 0.80 1.35 0.74 1.25 2.05 0.74 1.25 2.05 0.27 0.37 0.61
C21. Purchasing cost 1.32 2.35 3.37 0.92 1.64 2.55 0.92 1.64 2.55 0.23 0.30 0.43

C22. Logistics cost 1.00 1.00 1.00 0.80 1.25 1.89 0.87 1.32 1.97 2.99 4.04 5.07
C23. Quantity discount 0.53 0.80 1.25 1.00 1.00 1.00 1.78 2.86 3.90 0.92 1.43 2.05

C31. Order fulfillment rate 0.51 0.76 1.15 0.26 0.35 0.56 1.00 1.00 1.00 2.83 3.87 4.89
C32. Just in time delivery 0.20 0.25 0.33 0.49 0.70 1.08 0.20 0.26 0.35 1.00 1.00 1.00

C41. Tracking and tracing system 0.20 0.25 0.33 0.49 0.70 1.08 0.54 0.80 1.05 0.28 0.39 0.66
C42. R&D capability 0.51 0.76 1.15 0.35 0.40 0.46 0.34 0.51 0.87 0.85 1.35 2.17

C51. Wastewater treatment 0.56 0.87 1.43 0.35 0.40 0.46 0.28 0.39 0.66 0.28 0.39 0.66
C52. Solid waste generation 1.32 2.35 3.37 0.51 0.55 0.61 0.28 0.39 0.66 0.85 1.35 2.17
C53. Energy consumption 0.35 0.53 0.87 0.21 0.27 0.37 0.28 0.39 0.66 0.25 0.34 0.53

C54. Air pollution 0.35 0.53 0.87 0.26 0.30 0.37 0.34 0.51 0.87 0.40 0.56 0.87
C55. Corporate social

responsibility 0.70 1.15 1.78 0.37 0.42 0.49 0.34 0.51 0.87 1.32 2.05 2.99

Criteria C41 C42 C51 C52

C11. Supply availability 0.30 0.43 0.76 0.85 1.35 2.17 0.37 0.56 0.94 0.74 1.25 2.05
C12. Defect rate 0.41 0.57 0.92 0.30 0.43 0.76 1.74 2.77 3.78 0.30 0.43 0.76

C13. Customer complaint 0.57 0.80 1.15 0.35 0.52 0.82 0.57 0.80 1.15 0.24 0.32 0.49
C21. Purchasing cost 0.64 1.15 1.93 0.64 1.15 1.93 0.64 1.15 1.93 0.30 0.43 0.76

C22. Logistics cost 2.99 4.04 5.07 0.87 1.32 1.97 0.70 1.15 1.78 0.30 0.43 0.76
C23. Quantity discount 0.92 1.43 2.05 2.17 2.51 2.83 2.17 2.51 2.83 1.64 1.82 1.97

C31. Order fulfillment rate 0.96 1.25 1.84 1.15 1.95 2.93 1.52 2.55 3.57 1.52 2.55 3.57
C32. Just in time delivery 1.52 2.55 3.57 0.46 0.74 1.18 1.52 2.55 3.57 0.46 0.74 1.18

C41. Tracking and tracing system 1.00 1.00 1.00 1.15 1.78 2.49 0.33 0.49 0.76 1.15 1.78 2.49
C42. R&D capability 0.40 0.56 0.87 1.00 1.00 1.00 1.93 2.64 3.27 1.00 1.32 1.72

C51. Wastewater treatment 1.32 2.05 2.99 0.31 0.38 0.52 1.00 1.00 1.00 0.30 0.43 0.76
C52. Solid waste generation 0.40 0.56 0.87 0.58 0.76 1.00 1.32 2.35 3.37 1.00 1.00 1.00
C53. Energy consumption 0.35 0.52 0.82 0.27 0.32 0.39 0.92 1.64 2.55 0.49 0.80 1.35

C54. Air pollution 0.35 0.52 0.82 0.27 0.32 0.39 0.49 0.80 1.35 0.37 0.56 0.94
C55. Corporate social

responsibility 0.70 1.15 1.78 0.64 0.87 1.25 0.49 0.80 1.35 0.25 0.34 0.53

Criteria C53 C54 C55

C11. Supply availability 0.74 1.25 2.05 0.74 1.25 2.05 0.53 0.80 1.25
C12. Defect rate 0.30 0.43 0.76 0.85 1.35 2.17 0.85 1.35 2.17

C13. Customer complaint 0.24 0.32 0.49 0.24 0.32 0.49 0.92 1.35 2.00
C21. Purchasing cost 0.85 1.35 2.17 0.85 1.35 2.17 1.32 2.35 3.37

C22. Logistics cost 1.15 1.89 2.83 1.15 1.89 2.83 0.56 0.87 1.43
C23. Quantity discount 2.70 3.73 4.74 2.70 3.31 3.90 2.05 2.40 2.72

C31. Order fulfillment rate 1.52 2.55 3.57 1.15 1.95 2.93 1.15 1.95 2.93
C32. Just in time delivery 1.89 2.93 3.95 1.15 1.78 2.49 0.33 0.49 0.76
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Table A6. Cont.

C41. Tracking and tracing system 1.22 1.93 2.86 1.22 1.93 2.86 0.56 0.87 1.43
C42. R&D capability 2.55 3.17 3.76 2.55 3.17 3.76 0.80 1.15 1.55

C51. Wastewater treatment 0.39 0.61 1.08 0.74 1.25 2.05 0.74 1.25 2.05
C52. Solid waste generation 0.74 1.25 2.05 1.06 1.78 2.70 1.89 2.93 3.95
C53. Energy consumption 1.00 1.00 1.00 1.51 1.89 2.44 3.13 4.19 5.23

C54. Air pollution 0.41 0.53 0.66 1.00 1.00 1.00 2.48 3.10 3.86
C55. Corporate social

responsibility 0.19 0.24 0.32 0.26 0.32 0.40 1.00 1.00 1.00
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