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Abstract: This study aims to establish a green supplier selection and guidance mechanism by
integrating the features of an ANP (Analytic Network Process) and an IPA (Importance-Performance
Analysis) to achieve sustainable management for green supply chains. Using an expert survey,
this study developed green supplier selection criteria. It adopted an ANP, which allows for
interdependencies and feedback between the various criteria, to select competitive green suppliers.
Then, it used an IPA, which can analyze the criteria’s significance and performance levels, to provide
green suppliers with direction for guidance and improvements. The green supplier selection and
guidance mechanism featuring an ANP and IPA is thus established and validated through case
studies. The research results showed the following: (1) the green supplier selection criteria comprise
a total of 11 performance evaluation criteria from the three dimensions of operation, competence,
and environmental consciousness; (2) as shown by the APN evaluation results, environmental
benefits, environmental regulations, finance, technological competence, and delivery time are
the top five among the overall green criteria of the company; the performance of the various
suppliers is thus arranged in order, and the most competitive supplier is selected; (3) an IPA
is used to analyze the criteria’s significance and supplier performance levels and to provide the
suppliers with suggestions on priority improvements, including implementing the requirements
in the environmental regulations, establishing comprehensive financial management procedures,
improving corporate technological competence, and consolidating customer service; (4) it is suggested
that an ANP and IPA should be integrated in the applications, which could simplify the green supplier
selection and guidance mechanisms and increase the efficiency of supplier management, thus creating
a three-win situation for the clients, the company, and the suppliers.

Keywords: win-win strategy; green supplier; supplier selection; guidance; ANP; IPA

1. Introduction

Currently, to win a competitive advantage in the market, many enterprises need to strengthen
their product quality and technology and should pay attention to the integration of upstream and
downstream of the entire supply chain so that customers, suppliers, and relevant organizations have
increasingly closer cooperation [1,2]. Therefore, the quality of suppliers is related to the operation of
the supply chain and also deeply influences the success of enterprises. Enterprises should regularly
seek competitive new suppliers and conduct performance evaluations on them and existing suppliers
to analyze each supplier’s performance and introduce guidance and improvement suggestions [3,4].
In this way, they expect to find suppliers to cooperate for the long term and establish complete supply
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chain relations to meet the enterprise’s needs and therefore achieve a win-win result for both suppliers
and enterprises.

Different enterprises have different corporate cultures and attributes and focus on various
performance evaluation indexes; thus, enterprises should determine supplier performance evaluation
indexes based on their own attributes, requirements, and experiences so as to find conforming
suppliers [5]. In the era of the globalization of coexistence in which the sustainable operation of
enterprises is emphasized, it is important to comply with the European Union’s environmental
protection requirements and focus on green trends for enterprises to improve competitiveness [6].
Therefore, it is necessary to incorporate a green environmental protection index into supplier
performance evaluation indexes [7]; moreover, suppliers are required to respond and abide by these
indexes to meet the requirements of green and environmental protection concepts if they are preparing
to enter the European Union market.

Next, among many green supplier performance evaluation indexes, there certainly exist
correlations and interactions; moreover, different suppliers have different degrees of recognition
of these indexes and express them in different ways. Therefore, in this paper, the ANP (Analytic
Network Process) is suitable to solve multi-criteria decision problems, and the existence of dependence
and feedback features is adopted as a tool for green supplier selection [8]. In addition, this study
emphasizes the guidance-based improvement of suppliers; thus, the IPA (Importance-Performance
Analysis) is able to analyze index importance, and performance relevance is adopted to further analyze
each supplier’s expression level of performance indexes so as to provide effective guidance and
improvement suggestions [9,10]. Thus, the establishment of effective “Green Supplier Selection and
Guidance Mechanism with ANP and IPA” and development of a complete sustainable management
mode for green supply chains is expected to achieve a triple-win situation for customers, enterprises,
and suppliers.

2. Literature Review

This paper first discusses the supply chain evolution and the establishment of supplier mode to
understand the connotations of supplier relationship management; then, it discusses supplier selection
and green supplier selection criteria to determine green supplier selection and a basis for guidance.

2.1. Supply Chain Evolution

With scientific and technological progress and the changes in market composition and range,
there are diversified customer demands; therefore, the main body of the product supply chain is
expanded from the individuals to the overall supply chain system for product production. According
to the quasi integration theory set forth by Houssiaux [11], a long-term cooperative relationship
can be achieved through investment in suppliers’ or buyers’ partial activities. Through the vertical
integration between enterprises, the competitive advantages of their core careers are strengthened
to seek maximization of quasi-rent [12,13]. In this way, the cooperation mode, in which completely
different technologies” production and distribution are integrated with other economic activities, has
evolved into the organizational vertical market [14,15] so that enterprises change operation modes
from emphasizing professional work division and local optimization to instead improving overall
integration performance.

Thus, in the highly competitive environment of market globalization, to improve performance,
increase profit, extend market occupancy rate, and strengthen competitive positioning, enterprises must
perform well in supplier relationship management [16,17]. According to the concept of cooperation set
forth by Brandenburger & Nalebuff [18], an organization is faced with competition and cooperation in
the market [19]. Through value creation and sharing, enterprises can gain knowledge and economic
value [20]; an opposing and short-sighted supplier relationship is thus transformed into a cooperative
partnership between enterprises [21,22]. This establishes a win-win pattern. However, it is quite
complicated to establish a supplier partnership because the implementation effect is not as good
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as expected; meanwhile, the new relationship is unable to be maintained in the long term. Under
the supply chain architecture, each member of the supplier relationship will be highly involved in
each other’s sales and purchase systems to reduce the two parties’ storage, insurance, management,
disposition, and other inventory costs, therefore creating more economic value through information
sharing and the operation mode of technological cooperation between enterprises and suppliers as
well as customers [23,24]. Only a partnership that is established on a powerful foundation can be
sustainable [25]. Therefore, in this study, it is proposed that selecting a potential supplier is the first
and foremost condition of successful supplier management.

2.2. Establishment of Supplier Mode

It is necessary to stimulate efficient “supplier development activity,” which is the efforts made
by manufacturers to improve suppliers’ performance and ability, so as to increase the added value
of products, services, and information [26]. According to Walley [27], through the application of
competition and cooperation strategies, improving enterprise performance is a topic worthy of
discussion so that the risk and performance of supply chain actors can be shared to achieve a better
integration [28]. The economic transaction level in the buyer—seller relationship is improved to create a
partnership of high mutual trust and cooperation [2]. The following five features are required for a
small quantity of suppliers so that the two sides keep their promises and are able to solve problems
jointly, exchange information frequently, and adapt to market changes [29,30] to achieve the purpose
of supplier development: (1) improve incoming material quality; (2) increase the accuracy of supplier
delivery; (3) enhance supplier service; (4) reduce purchasing costs; and (5) strengthen suppliers’
technical capacity [31,32]. The key to success for supplier development activity is as follows: (1) there
is a good communication system between suppliers; and (2) the suppliers with better performance
should have more resources, such as formal supplier evaluation and guidance, supplier employee
training, and a supplier incentive plan [33].

In conclusion, this paper proposes that to realize effective supplier management, there should be
many suppliers with the potential for competition. Furthermore, a good communication system should
be established on the basis of mutual trust, and supplier guidance mechanisms should be effectively
implemented. Only in this way can suppliers carry out efficient improvement measures. Therefore,
the supplier management mode established herein will include the two categories of supplier selection
and guidance.

2.3. Supplier Selection

The strategic key of supplier chain management is cost, quality, responsiveness, customer service,
competitive advantage, and technology management [34]. Therefore, in the long term, suppliers shall
be selected based on their comprehensive performance, resource allocation, and decision-making
environment [35]. For example, de Boer & Van der Wegen [36] proposed a formal decision-making
model and proved the usefulness of such a model in the entire supplier selection process and
under different purchase conditions by use of four empirical cases. Ha & Krishnan [37] adopted a
multiple-technology evaluation process to select competitive suppliers [38]. Bruno et al. [39] solved the
supplier evaluation problem through the Analytical Hierarchical Process [40]. In addition, Labib [41]
set forth the supplier evaluation model to integrate FL (Fuzzy Logic) and the AHP to help enterprises
to identify the best suppliers in the changing environment [42,43]. Bruno et al. [44] suggested solving
the supplier selection problem through the AHP and Fuzzy Set Theory (FST) in response to the
multi-stakeholder environment.

In conclusion, the supplier selection problem has been roughly solved. However, to respond
to today’s complicated and changing environment, selection indexes are increasing in quantity and
are mostly dependent on each other [45,46]. Therefore, in this study, the ANP that has dependency
between indexes is utilized as the supplier selection tool [47]. In addition, based on ANP evaluation
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results, individual suppliers are further analyzed using the IPA concept to serve as improvement
suggestions for supplier guidance and to achieve sustainable supply chain management goals.

2.4. Green Supplier Selection Criteria

Regarding supplier selection criteria, Yang and Chen [48] have sorted through the related
documents of supplier selection indexes and have reported that they include quality, finance, customer
service, production capacity, design and technical capacity, and information technology [31,49,50].
To summarize, the supplier selection mechanism is well developed. However, supplier selection
mechanisms must change with the times. After entering the 21st century, the EU has advocated
the supply chain effect of green product requirements, which is one of the most popular topics in
today’s industry circles [6,51]. The more developed countries of the EU have actively expressed their
environmental demands through legislation and have implemented the WEEE (Waste Electrical and
Electronic Equipment Directive), RoHS (Restriction of Hazardous Substances Directive), etc. with the
hope of leading the entire world’s manufacturing industry into a new era that is more environmentally
friendly; the EU’s huge commercial market will hopefully serve as a backup force [7,52].

Therefore, national governments have started to request that enterprises integrate the relationship
between customers and suppliers to effectively achieve environmental management [53,54]. In
addition, the supplier selection in the past was mostly focused on quality, delivery period, and
cost, but this is insufficient in today’s market due to fiercer competition and quicker responses. Many
huge companies have begun to consider environmental issues and evaluate suppliers” environmental
performance [55-57]. According to Jia et al. [58], based on the concept of the TBL (Triple Bottom
Line) of economy, environment, and society, which includes three categories with 12 standards
in total, technique for order preference by similarity to an ideal solution (TOPSIS) is adopted for
supplier selection. In environmental performance indicators; Azzone and Bertele [59] proposed
four indicators: (1) external environmental benefit; (2) environmental benefit; (3) green image;
and (4) environmental adaptability. This proposal corresponds to the view set forth by Noci [53], which
states that green performance evaluation items include (1) conformance to environmental specifications,
(2) environmental benefit, (3) the supplier’s green image, and (4) net life cycle cost [60,61]. According
to Sarkis and Talluri [35], more complete green supplier evaluation items include (1) environmental
design; (2) life cycle analysis; (3) comprehensive quality environmental management; (4) green
supply chain; and (5) SO14000 EMS requirements. Rao [62] has proposed the concept of greening,
including green marketing, green purchasing, green design, and green production. Environmental
management is the key to success for enterprises to implement green supply chain management;
environmental awareness will place pressure on supply chain partnerships and further encourage
suppliers to maintain better environmental performance [63,64]. Therefore, it is important to integrate
the concept of greening into original supply chain [51]. When environmental awareness rises with
the appearance of the “greening” concept, enterprises should reconsider the measurement categories
of the performance measurement system to include the “environmental” category [65]. The main
purpose of green supply chain management is to integrate the required greening conditions into
product production procedures in combination with the existing raw materials, logistics management
system, information management system and process operation system of enterprises to form a
collective environment management system [66]. Therefore, according to Govindan et al. [67], when
green supplier management becomes one environmental strategy, the individual organization’s
environmental performance has been improved, and the entire supplier chain has been accepted
by the industry.

In conclusion, supplier chain management can help enterprises to develop a win-win strategy
to achieve interest and market sharing goals and to reduce environmental risks and impact [68].
The purpose of green supply chain management is to achieve the dual goals of environmental
protection and economic development [69]. Therefore, supplier selection is no longer only limited
to price, and enterprises have gradually begun to emphasize other factors such as environmental
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protection, environmental assessment, technical capacity, and customer service [70]. Therefore,
suppliers’” environmental performance assessments have gradually become one of the most important
items for supplier selection. From this perspective, the green supplier selection mechanism is divided in
this paper into (1) operation (finance, green image, quality certification, R&D cost, and operation cost);
(2) production management (quality abnormity treatment, productivity, technical capacity; education
and training, green research, and development ability); (3) customer management (customer, service,
delivery time, and response capacity); and (4) greening (environmental specification, environmental
assessment, environmental benefit, hazardous substance specification, and recycling), for a total of four
categories and 18 criteria. This mechanism is expected to help in the selection of competitive suppliers
to establish long-term cooperation relationships and improve the competitiveness of enterprises.

3. Research Method and Design

After a literature review and the establishment of our purposes or research, the research method
was selected, and the research process was designed. First, the ANP was used as a tool to select
suppliers for green supplier selection. Second, the IPA was used as a tool for supplier performance
analysis and improvement for green supplier guidance. In addition, to improve research and data
analysis efficiency, this study integrates the advantages of the ANP and IPA and proposes an ANP-IPA
integration application to serve as a sustainable supplier selection and guidance mechanism for
enterprises. This is expected to simplify the supplier selection and guidance procedures to achieve a
win-win situation for the sustainable management of the supply chain.

3.1. ANP (Analytic Network Process)

The motive for adopting the ANP is that the ANP is based on the AHP and is a common tool in
decision making. In the solution procedure of the AHP, it is supposed that factors at all levels should
be independent, but in reality, many problems cannot be constructed in a hierarchy model because the
relationship of mutual effect and dependence is likely to hide between factors at both high and low
levels. The importance of the criteria may influence the selection of the solution, and the solution may
influence the importance of the criteria. Therefore, Saaty corrected this theory and proposed the ANP
after taking into consideration the relationship of dependence and feedback [71].

The ANP is applied to many problems that require a decision to be made. The main steps to
use the ANP for decision procedure assessment are as follows [72,73]: (1) define the problem and
confirm the decision architecture; (2) establish a network hierarchy structure; (3) conduct a pairwise
comparison and calculation in which the nine-point scale developed by Saaty and Kearns [74] is
adopted to evaluate the relative importance of two pairwise comparison items; in the matrix, 1 shows
that two items are of equal importance, and 9 shows that one item is much more important than the
other. The “items” in this study include three categories with 11 criteria: (4) to establish a supermatrix
and conduct a limiting calculation; (5) to calculate the relative weight; and (6) to rank the solutions
in priority.

In conclusion, concerning multi-objective and multi-criteria decisions, when there are different
options, the ANP is able to analyze the priority of each solution and tell the decision maker to select
the best solution [45,47]. In addition, the ANP can be used in an importance analysis of enterprise
performance indexes and as the basis of strategy implementation and resource allocation [75,76].
Therefore, in this paper, the ANP is used as a tool to select green suppliers with competitive potential.
Moreover, in this paper, based on the analysis data in the ANP implementation process such as index
importance priority ranking and each supplier’s performance level evaluation results for each index, a
further analysis is developed with the IPA to provide an importance reference basis for subsequent
supplier guidance and improvement suggestions.
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3.2. IPA (Importance—Performance Analysis)

In terms of a supplier guidance mechanism, this study uses the IPA as an analysis tool. The
IPA was first proposed by Martilla and James [77]. At first, this mode was used for the analysis of
product attributes in the motorcycle industry; the main concept was a two-dimensional matrix that
was drawn based on the average scores of degree of importance and degree of performance. The
degree of performance is taken as axis X, and the degree of importance as axis Y; the two-dimensional
matrix is used to distinguish the relative position of different average score attributes and analyze
the relationship between importance and performance to further provide practical suggestions and
strategy applications for specific quality attributes. The IPA also can be applied in various fields of
enterprise management [78], and it is specifically applied in brand, product, service, and correction
analysis of advantages and disadvantages of point of sale establishment [79,80]. According to the
IPA, it is assumed that consumer satisfaction with products is sourced from their expectations and
evaluations of product or service performance [81]. According to O’Sullivan [82], with the average
score of degree of satisfaction (axis X) and degree of emphasis (axis Y) as a separation point, the space
is divided into four quadrants (I, II, III, and IV), and the actual degrees of satisfaction and emphasis
are drawn in the two-dimensional matrix. The meaning of each quadrant is specified as follows:

1. Quadrant I: keep up the good work: with a high degree of emphasis and a high degree of
satisfaction, this area is also called the “advantage keeping area”;

2. Quadrant II: concentrate here: with a high degree of emphasis and a low degree of satisfaction,
this area is also called the “preferential improvement area”;

3. Quadrant III: low priority: with a low degree of emphasis and a low degree of satisfaction, this
area is also called the “secondary improvement area”;

4. Quadrant IV: possible overkill: with a low degree of emphasis and a high degree of satisfaction,
this area is also called the “excessive emphasis area.”

In conclusion, in this paper, a correction is made with reference to the practice of O’Sullivan [82];
the application of the ANP and IPA is integrated, and no “supplier performance index level and
performance index importance questionnaire” is additionally distributed. The ANP determines
calculations using Super Decision software, and the supplier performance index level priority score
(axis X) and performance index importance score (axis Y) are obtained to serve as the analysis basis of
the IPA. Quadrants L, II, III, and IV are used to analyze the relationship between supplier performance
and index importance and further provide supplier guidance and improvement suggestions.

3.3. Research Design

This study aims to establish a green supplier selection and guidance mechanism through the
integration of the advantages of the ANP and IPA, and the research process includes three main stages,
as shown in Figure 1. In stage 1, through a literature review and an expert questionnaire survey, green
supplier selection indexes are completed; in stage 2, green suppliers with competitive potential are
selected with the ANP; and finally, the results of the IPA are presented as green supplier guidance and
improvement suggestions.

3.3.1. Research Process
1. Stage 1: determination of green supplier evaluation indexes
Using the literature review on supplier mode, green supplier management, ANP, IPA, and the

expert questionnaire survey, green supplier selection indexes are introduced and used as the basis for
the ANP green supplier selection.
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Figure 1. Research process.

2. Stage 2: green supplier ANP selection analysis

Using the ANP as the green supplier selection tool, experts are invited to score suppliers
based on their index importance weight and the suppliers” performance level in each index; using
a2 x 2 comparison matrix, supplier priority rankings are obtained to select green suppliers with
competitive potential.

3. Stage 3: green supplier IPA guidance analysis

According to the company’s needs, the top two or three suppliers, namely green supplier groups
with competitive potential, are selected to form a list of suppliers with sustainable development. Next,
the IPA is used to further analyze the index importance and performance level of these suppliers,
and the analysis results are regarded as an important reference basis for supplier guidance and
improvement suggestions.

3.3.2. Connotation of the Integrated Application of ANP and IPA

It can be observed from Figure 1 that the ANP in stage 2 obtains supplier priority rankings based
on index importance weight and supplier performance level in each index. The IPA in stage 3 analyzes
the index importance and performance level of each supplier to provide direction for guidance and
improvement. In stages 2 and 3, the scores of index importance and supplier performance level in each
index are obtained. Consequently, this paper proposes the integrated application of the ANP and IPA
as follows:

1. ANP stage

The collected ANP expert questionnaires are input in the ANP exclusive software “Super
Decisions” to obtain performance priority rankings for five suppliers under the importance weights of
three criteria and 11 indexes, in which the top three (namely the suppliers with competitive potential)
are selected as suppliers for the long term.
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2. ANP and IPA integration stage

Based on the independent feedback features of the ANP and the convenience of the Super
Decisions software, the importance weights of 11 indexes in three major categories as well as five
suppliers’ performance scores in the 11 indexes can be calculated, which comprises the original analysis
data of the IPA. Thus, the implementation of the IPA can be simplified and the questionnaire data flow
collected; moreover, the analysis results of the ANP can be used for extended application.

3. IPA stage

Based on the analysis results of the ANDP, including (1) the importance weights of 11 indexes and
(2) five suppliers’ performance level scores in the 11 indexes, suppliers with competitive potential are
analyzed using the IPA in terms of their advantages and disadvantages in 11 indexes. The results serve
as a basis for long-term supplier management and guidance.

4. Case Analysis

This paper analyzes green supplier selection results of a company and discusses the subsequent
guidance and suggestions using the ANP and IPA green supplier selection and guidance mode to
verify the feasibility and effectiveness of this mode.

4.1. About the Company

The case studied here is a bicycle manufacturer in Taiwan. This company was founded in 1980
and was dominated by OEM and the pursuit for mass production until the early 1990s. However,
after failures in the investment branches in the USA and Germany as well as changes in the industrial
environment, the entrepreneur began to consider overhauling the company’s operating strategy.
Supplier performance would thus be influenced by the relationship between manufacturers or the
strategy network between them [83,84]; therefore, in 1994, based on combination of internal and
external resources, the company started to establish a supply chain management and developed
folding bicycle products through joint R&D and brand sharing with suppliers. However, currently,
with rising environmental consciousness becoming a trend, the company needed to introduce green
supplier management [85].

4.2. Green Supplier Selection and Guidance of a Case Company

In this study, a project team is composed of eight first-level directors, including a president,
general manager, and assistant managers of the R&D, business, production, management, materials
control, and quality assurance departments. The project team is composed of 12 members who are
responsible for the case study company’s green supplier selection and guidance work, including the
following: (1) determination of green supplier evaluation indexes; (2) green supplier ANP selection
analysis; and (3) green supplier IPA guidance analysis.

4.2.1. Determination of Green Supplier Evaluation Indexes

Based on a literature review and the company’s experience, four major green supplier selection
categories are summarized: (1) operation management; (2) production management; (3) customer
management; and (4) green management. A total of 18 evaluation indexes are involved [49,62,65,68],
as shown in Table 1. The case company’s project team conducts an experts” questionnaire survey; the
appropriateness of the above green supplier evaluation indexes is scored from 1 to 10, and related
suggestions are given. Then, the 12 experts’ scores are summed and averaged. After meeting for
discussion and scoring, a 7.00 score is taken as the threshold value, and three major categories,
including (1) operation; (2) ability; and (3) greening are included with 11 evaluation indexes involved,
as shown in Figure 2. Thus, the ANP expert questionnaire is designed, and the project team carries out
the expert questionnaire survey.
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Table 1. Green supplier selection categories and index scoring by experts.

Category Evaluation index Scoring Remarks
1. Finance 8.62 Reserved
ti t
OpE(rIan;sgrrarzzgairgi(r’n en 2. Green image 7.31 Reserved and classified into green category
operation category) 3. Quality certification 7.12 Reserved
4. R&D cost 6.95 Classified into cost category
5. Operation cost 7.68 Reserved
1. Quality abnormity treatment 6.91 Classified into quality index
Production management -
(Integrated into 2. Capacity 7.22 Reserved
ability category) 3. Technical capacity 7.35 Reserved
4. Education and training 6.25 Classified into technical capacity index
5. Green R&D ability 6.84 Classified into technical capacity index
Customer management 1. Customer service 793 Reserved and classified into operation category
(this category is deleted;
each index under this 2. Delivery time 8.32 Reserved and classified into ability category
category will be moved — — —
to each category) 3. Response capability 7.67 Reserved and classified into ability category
1.Environmental specification 7.74 Reserved
Green management ; - . -
(Integrated into 2. Environmental assessment 6.94 Classified into environmental benefit index
green category) 3. Environmental benefit 7.43 Reserved
4. Hazardous substance 6.45 Classified into environmental specification index
specification
5. Recycle 6.82 Classified into environmental benefit index

IPA Green suppler selectio

index ANP importance weight ANP green supplier
&analvsi selection mode

Green

Operation NS

Ability >

2.1 Delivery Time

2.2 Response
Capability

2.3 Capacity

2.4 Technical
Capacity

.

3.1 Environmental
Specification

3.2 Green Image

3.3 Environmental
Benefit

=

1.1 Finance
1.2 Customer

service
1.3 Quality
1.4 Cost

e

| Supplier A | | Supplier B | | Supplier C | | Supplier D | | Supplier E |

< IPA Supplier’s ANP performance weight analysis ’

Figure 2. ANP and IPA green supply chain management mechanism.

4.2.2. Green Supplier ANP Selection Analysis

According to the experts’ questionnaire survey results in the previous section, green supplier

ANP selection analysis is conducted, as shown in Figure 2. Each expert’s paired comparison ANP
questionnaire is calculated using the Super Decisions software package to verify whether each expert’s
evaluation matrix is in line with the conformance requirements; if not, reconfirmation with the expert

is required. In this study, the ANP experts’ questionnaire survey results are all less than 0.1 in the
consistency analysis, which is in line with the consistency requirements [72,73]; the questionnaire
results can be further integrated using geometric means to establish a comparison matrix.

In this paper, the experts’ performance scores for five major suppliers under each green supplier

selection index are input into the Super Decisions software to be calculated. Under the three major
green supplier selection categories a paired comparison analysis is conducted, and the evaluation
indexes are independent to highlight the influence of each evaluation criterion on the other criteria.
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After a paired comparison between the categories and criteria, the three super matrices of the ANP (the
unweighted, weighted, and limiting supermatrix) are derived, as shown in Appendix A, Appendix
B and Appendix C, respectively. Regarding green supplier selection, we can see the five suppliers’
rankings under the three major green supplier selection categories and 11 evaluation indexes of the
company, as shown in Figure 3. Supplier E has the highest score (0.22942), followed by supplier A
(0.20407), supplier C (0.19968), and supplier B (0.18523), with supplier D having the lowest score
(0.18160). Supplier E has the best performance in the green supplier evaluation indexes proposed by
the company. Supplier E is the first choice of the company’s green suppliers, while suppliers A and C
are candidates of the company’s green suppliers.

Here are the priorities.

Icon Mame | INDrmaIized b}-‘C'LIEtE'I'I

Mo Icon| 1. Supplier A | 0.20407

Mo Icon| 2. Supplier B

Mo Icon| 3. Supplier C

Mo Icon|4. Supplier D

[
| ' I
[ 0.19968 |
| I
I [

Mo Icon| 5. Supplier E

Figure 3. Supplier priorities.

In conclusion, using suppliers” ANP performance level weight analysis, the supplier with the best
performance in green supplier selection indexes, namely supplier E, is selected based on the company’s
green supplier selection indexes. In this way, the rankings for supplier alternatives can be obtained.

4.2.3. Green Supplier IPA Guidance Analysis

In this paper, the IPA is used to further verify supplier performance in each green supplier
evaluation index, and the company’s supplier guidance mechanism is established to serve as a
reference for each supplier in subsequent internal improvement so as to achieve a win-win result.

This paper proposes the use of the ANP analysis results as follows: use the importance weight of
11 indexes and the five suppliers’ performance scoring in these 11 indexes as the data source of the IPA
to analyze each supplier’s performance in 11 green supplier evaluation indexes and provide relevant
guidance suggestions.

Analysis of the Importance of Evaluation Indexes

Using Super Decisions software, the case company’s green supplier evaluation index importance
weight (excluding supplier performance) can be conveniently obtained, as shown in Figure 2 (full-line
square part). After a paired comparison between the categories and criteria is obtained, three super
matrixes of the ANP are derived, as shown in Appendix D, Appendix E, and Appendix E

As shown in Table 2, according to the case study company, the three categories of green supplier
evaluation indexes are ranked in terms of importance, namely, operation (0.348), green (0.335), and
ability (0.317), and then the importance ranking of indexes under these three categories is further
analyzed. Under the operation category, the 1.1 financial index has the highest importance (0.298),
which is followed by the 1.2 customer service index (0.279). Under the ability category, the 2.4 technical
capacity index has the highest importance (0.322), followed by the 2.3 capacity index (0.244). Under
the green category, the 3.3 environmental benefit index has the highest importance (0.386), which is
followed by the 3.1 environmental specification index (0.353).
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Table 2. Green supplier selection index importance weight analysis table.

Weight under Category  Overall Overall

Category Evaluation Index Category Ranking Weight Ranking

1.1 Finance 0.298 1 0.104 3

Operation (0.348) 1.2 Customer service 0.279 2 0.097 5
1.3 Quality 0.221 3 0.077 7

1.4 Cost 0.202 4 0.070 10

2.1 Delivery Time 0.223 3 0.071 9

ﬁ)b;lf;}; 2.2 Response Capability 0.212 4 0.067 11
2.3 Capacity 0.244 2 0.077 7

2.4 Technical Capacity 0.322 1 0.102 4

Green 3.1 Environmental Specification 0.353 2 0.118 2
(0.335) 3.2 Green Image 0.261 3 0.087 6
3.3 Environmental Benefit 0.386 1 0.130 1

In addition, in overall index importance weight performance, the company’s top five major
green supplier selection indexes are the 3.3 environmental benefit index (0.130), 3.1 environmental
specification index (0.118), 1.1 financial index (0.104), 2.4 technical capacity index (0.102), and
2.1 delivery time index (0.087). These results show that in supplier selection indexes, the company
pays significant attention to the 3.3 environmental benefit index and the 3.1 environmental specification
index under the green category. In addition, the company emphasizes the 1.1 financial index under the
operation category. The company focuses on the 2.4 technical capacity index and the 2.1 delivery time
index under the ability category.

In conclusion, using a green supplier selection index importance weight analysis, the company’s
emphasis on each green supplier selection index can be determined. In terms of the categories, the
case study company affirms that the supplier’s overall performance in the operation category is most
important. As far as each category is concerned, the company pays more attention to the 1.1 financial
index under the operation category, the 2.4 technical capacity index under the ability category, and
the 3.3 environmental benefit index under the green category. In addition, as far as overall category
indexes are concerned, the top five major green supplier selection indexes emphasized by the company
are, in increasing order, the 3.3 environmental benefit index, 3.1 environmental specification index,
1.1 financial indeXx, 2.4 technical capacity index, and 2.1 delivery time index.

Supplier Performance Analysis

Using Super Decisions software, each supplier’s performance in the case study company’s green
supplier evaluation index can be conveniently obtained, as shown in Figure 2 (dotted-line square).
After a paired comparison between the categories and criteria, three super matrixes of the ANP are
derived, as shown in Appendix G, Appendix H, and Appendix I. (Due to space limitions, only supplier
E’s supermatrix data will be provided).

Each supplier’s performance in the case study company’s green supplier selection indexes is
summarized and shown in Table 3, which clearly presents each supplier’s performance and emphasis
in each index. Supplier A focuses on performance in environmental specification and green image
(0.196, 0.163); supplier B focuses on performance in environmental specification and green image (0.232,
0.145); supplier C focuses on performance in green image and environmental benefit (0.197, 0.167);
supplier D focuses on performance in environmental specification and environmental benefit (0.249,
0.166); and supplier E focuses on performance in green image and environmental benefit (0.293, 0.120).

In conclusion, using the supplier performance analysis, it can be determined that each supplier
has good performance in indexes in the green category. This result indicates that all suppliers accept
the case company’s requirements for green specifications. However, green supplier management is
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comprehensive, and coordination with the case study company’s attributes is necessary; therefore, a
further comprehensive analysis is needed.

Table 3. Summary sheet of suppliers’ performance index level.

Performance Index Level
Performance Index

Supplier Supplier Supplier Supplier Supplier

A B C D E
1.1 Finance 0.051 0.050 0.033 0.037 0.059
1.2 Customer service 0.042 0.045 0.051 0.022 0.023
1.3 Quality 0.037 0.032 0.042 0.049 0.029
1.4 Cost 0.033 0.037 0.038 0.056 0.052
2.1 Delivery Time 0.103 0.117 0.064 0.063 0.119
2.2 Response Capability 0.087 0.085 0.102 0.101 0.042
2.3 Capacity 0.079 0.065 0.088 0.129 0.119
2.4 Technical Capacity 0.068 0.072 0.084 0.045 0.057
g’}}e}jﬁgggrr?ental 0.19 0.232 0.135 0.249 0.086
3.2 Green Image 0.163 0.145 0.197 0.083 0.293
3.3 Environmental Benefit 0.140 0.122 0.167 0.166 0.120

Green Supplier’s IPA Explanation

First, calculating the threshold value is required. Under the condition that the company gives 11
evaluation indexes with a total score of 1, the threshold value is 0.091. Based on the importance scores
in the 11 indexes (Table 2) and supplier E’s performance scores on the 11 indexes (Table 3), as shown in
Table 4, supplier E’s IPA distribution diagram is drawn, as shown in Figure 4. Due to space limitations,
supplier E is the only example shown.

Table 4. Summary sheet of supplier E’s performance index level and performance index importance.

Performance Index Performance Index Level Performance Index Importance
1.1 Finance 0.059 0.104
1.2 Customer service 0.023 0.097
1.3 Quality 0.029 0.077
1.4 Cost 0.052 0.070
2.1 Delivery Time 0.119 0.071
2.2 Response Capability 0.042 0.067
2.3 Capacity 0.119 0.077
2.4 Technical Capacity 0.057 0.102
3.1 Environmental Specification 0.086 0.118
3.2 Green Image 0.293 0.087
3.3 Environmental Benefit 0.120 0.130

Threshold Value 0.091 0.091
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Figure 4. Supplier E’s IPA distribution diagram.

It can be determined from supplier E’s IPA distribution diagram that in quadrant I, the advantage
keeping area, supplier E only has a 3.3 environmental benefit index. Because the company places this
index in a very important position and supplier E has good performance in the 3.3 environmental
benefit index, supplier E’s overall performance is ranked first based on the condition of weighted
scoring. This 3.3 environmental benefit index will be maintained to supplier E’s advantage. In
addition, in quadrant II, the priority improvement area, there are a total of four items, including the 3.1
environmental specification index, 1.1 financial index, 2.4 technical capacity index, and 1.2 customer
service index. Although supplier E is ranked first of the five suppliers, it can be determined after
the IPA that supplier E still has significant room for improvement. The company strongly focuses
on the above four indexes; thus, supplier E should list these four indexes as top priorities for
improvement. Furthermore, it should re-verify the operation mode of the company’s resources
and use its limited resources in places where they will make a greater difference [86], such as by
implementing environmental specification requirements, building a complete financial management
flow, improving the company’s technical capacity, and strengthening customer service, all of which
would improve the company’s performance and lead to the company’s demands being satisfied and
the establishment of complete supply chain relations with the company. Moreover, in quadrant III,
the secondary improvement area, there are a total of three items, including the 1.3 quality index,
1.4 cost index, and 2.2 response capacity index, which will be provided to supplier E for reference.
These three indexes are listed as secondary improvement items or are integrated into other items in
their implementation process to be considered to improve supplier E’s overall performance. Finally, in
quadrant IV, the excessive emphasis area, there are a total of three items, including the 3.2 green image
index, 2.3 capacity index, and 2.1 delivery time index. Although supplier E has better performance
in these three indexes, they are not the indexes that the company has prioritized. In terms of the
green image index, the company’s requirement is to obtain related green certifications, such as for its
carbon footprint or energy-efficient products, to reach certain standards. The suppliers included in the
evaluations all possess the related certifications so that the green image index is not a high priority for
the company. In addition, as for capacity and delivery time, the company’s requirement for suppliers
also falls into basic conditions in which more orders will be given to the supplier with higher capacity
rather than those with lower capacities. Therefore, supplier E and the company differ in their policy
direction; as a result, there is a small difference between the two parties with regard to the input in the
emphasis indexes. If the company is an important customer of supplier E, it is suggested that supplier
E may adjust its strategy direction and invest its resources in the correct item to develop the greatest
economic benefit [75,76].

In conclusion, this study uses the IPA for supplier guidance and improvement and presents
specific quantitative analysis results so that the difference in strategy directions between the case
study company and the supplier, as well as the deficiency in supplier performance, can be effectively
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understood to serve as a reference for supplier guidance and improvement. Through the supplier
guidance and improvement mechanism proposed in this study, good interactions between enterprises
can be increased to form closer cooperative relationships in the supply chain, which ultimately aids in
the suppliers’ sustainable management and the creation of a win-win result [70].

5. Conclusion and Implications

This paper establishes a green supplier selection and guidance mechanism using the ANP and
IPA, emphasizes the integrated application mode of the ANP and IPA, and analyzes the application
mode with a specific company as an example to discuss the feasibility of this mode. The conclusion
and management implications are specified in the following paragraphs.

First, with regard to the green supplier selection indexes listed by a company’s executives, an
ANP importance weight analysis is conducted to help a company clearly understand its current policy
and direction. Overall, a company’s emphasis on green supplier selection is as follows: the supplier is
required to pay attention to environmental benefit performance, satisfy the environmental specification
requirements, and have normal and transparent financial operations; moreover, the supplier’s technical
capacity and product delivery time assessment is emphasized. In terms of management implications,
this paper analyzes the importance rankings of green supplier selection indexes with the ANP, which
can be provided to companies intending to introduce or that have already introduced green supplier
management based on green supplier performance evaluations. In addition, a company may refer to
this research process and obtain green supplier performance selection index importance rankings that
meet that company’s needs and policy directions.

Second, based on the company’s emphasis on each green supplier selection index as well as each
supplier’s performance in these indexes, the ANP is adopted to evaluate each supplier’s performance
rankings in the indexes, provided that the company’s needs are satisfied. In the case study, the top two
suppliers in the performance rankings are supplier E followed by supplier A. These two suppliers have
competitive potential and are used as the basis for the establishment of green supplier management.
In terms of management implications, this paper used the ANP as the green supplier selection analysis
tool. A complete analysis is conducted on the company and suppliers, with an emphasis on the green
supplier performance index. The related ANP green supplier selection process can be provided to
bicycle-related industries for reference in green supplier selection.

Finally, in this paper, the ANP analysis results are integrated to serve as analysis data for the IPA to
further analyze each supplier’s index importance and performance. In the IPA matrix, each supplier’s
advantages and disadvantages can be clearly observed, and then the company may provide relevant
improvement suggestions to each supplier. In this way, a complete supplier guidance mechanism is
established to achieve a win-win result, thus providing a more consistent policy target for both the
company and the suppliers. Therefore, in terms of management implications, the establishment of a
supplier partnership of mutual trust is suggested that uses the IPA as the analysis tool for supplier
guidance management. This use of the supplier guidance mechanism will be an improvement for the
suppliers and create a win-win situation.

In addition, based on the ANP and IPA integration mode given here, the analysis data required
by the IPA can be obtained with the ANP. The application of the ANP can thus be extended so that the
ANP can evaluate the index and supplier priority rankings and carry out an in-depth analysis with
the IPA to be used as a basis for guidance and improvement. Therefore, it is suggested that in future
research, when the ANP is used as the analysis tool, the IPA can also be integrated into the analysis
tool to serve as the extended analysis application of the ANP.

Author Contributions: Shi-Jer Lou and Li-Chung Chao conceived and designed the experiments;
Chih-Chao Chung and Shi-Jer Lou performed the experiments; Chih-Chao Chung and Li-Chung Chao analyzed
the data; Chih-Chao Chung and Shi-Jer Lou contributed reagents/materials/analysis tools; Chih-Chao Chung
wrote the paper.
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Appendix
Appendix A
Table Al. Supplier’s ANP performance unweighted supermatrix.
Suppliers 1. Operation 2. Ability 3. Green
A B C D E 11 1.2 1.3 1.4 21 22 2.3 24 3.1 3.2 3.3
A 0 0 0 0 0 0.315 0.169 0.174 0.135 0.232 0.068 0.200 0.093 0.090 0.375 0.373
B 0 0 0 0 0 0.107 0.343 0.075 0.262 0.075 0.321 0.104 0.310 0.187 0.079 0.164
Suppliers C 0 0 0 0 0 0.148 0.184 0.082 0.287 0.080 0.298 0.097 0.283 0.291 0.187 0.133
D 0 0 0 0 0 0.197 0.221 0.374 0.073 0.107 0.214 0.200 0.153 0.270 0.113 0.212
E 0 0 0 0 0 0.233 0.083 0.294 0.243 0.506 0.099 0.400 0.161 0.162 0.247 0.118
1.1 0.311 0.303 0.200 0.226 0.363 0 0.350 0.315 0.327 0 0.316 0.490 0.511 0.421 0.330 0.290
1 1.2 0.258 0.275 0.313 0.135 0.140 0.365 0 0.347 0.349 0.600 0.333 0 0 0.218 0.511 0.153
1.3 0.228 0.194 0.255 0.299 0.177 0.328 0.331 0 0.324 0.400 0 0.510 0.263 0 0 0.120
14 0.203 0.229 0.231 0.340 0.320 0.307 0.319 0.338 0 0 0.351 0 0.226 0.361 0.160 0.437
2.1 0.306 0.345 0.191 0.187 0.354 0 0.501 0.340 0 0 0.345 0.318 0.324 0.500 0 0
2 22 0.258 0.250 0.301 0.300 0.124 0 0.499 0 0 0.326 0 0.318 0.317 0 0.333 0.348
2.3 0.235 0.192 0.261 0.381 0.354 0.667 0 0.335 0 0.349 0.336 0 0.358 0 0 0.315
2.4 0.201 0.212 0.248 0.132 0.169 0.333 0 0.325 0 0.325 0.319 0.365 0 0.500 0.667 0.338
3.1 0.393 0.465 0.272 0.500 0.172 0.332 0.333 0.512 0 0 0 0.600 0.333 0 0.417 0.429
3 3.2 0.327 0.291 0.394 0.167 0.587 0.363 0 0.488 0 0 0 0 0 0.506 0 0.571
3.3 0.280 0.245 0.334 0.333 0.240 0.305 0.667 0 0 0 0 0.400 0.667 0.494 0.583 0
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Appendix B
Table B1. Supplier’s ANP performance weighted supermatrix.
Suppliers 1. Operation 2. Ability 3. Green
A B D E 1.1 1.2 1.3 1.4 2.1 2.2 2.3 24 3.1 3.2 3.3

A 0 0 0 0 0 0.043 0.023 0.024 0.051 0.091 0.027 0.053 0.024 0.022 0.093 0.092
B 0 0 0 0 0 0.015 0.047 0.010 0.099 0.029 0.126 0.027 0.082 0.046 0.019 0.041
Suppliers C 0 0 0 0 0 0.020 0.025 0.011 0.109 0.032 0.117 0.025 0.075 0.072 0.046 0.033
D 0 0 0 0 0 0.027 0.030 0.051 0.028 0.042 0.084 0.053 0.040 0.067 0.028 0.052
E 0 0 0 0 0 0.032 0.011 0.040 0.092 0.199 0.039 0.105 0.043 0.040 0.061 0.029
1.1 0.051 0.050 0.033 0.037 0.059 0 0.078 0.070 0.203 0 0.098 0.102 0.107 0.080 0.063 0.055
1 1.2 0.042 0.045 0.051 0.022 0.023 0.082 0 0.078 0.216 0.187 0.104 0 0 0.041 0.097 0.029
1.3 0.037 0.032 0.042 0.049 0.029 0.073 0.074 0 0.201 0.125 0 0.106 0.055 0 0 0.023
14 0.033 0.037 0.038 0.056 0.052 0.069 0.071 0.076 0 0 0.109 0 0.047 0.069 0.030 0.083

2.1 0.103 0.117 0.064 0.063 0.119 0 0.133 0.090 0 0 0.102 0.063 0.064 0.124 0 0
5 2.2 0.087 0.085 0.102 0.101 0.042 0 0.132 0 0 0.096 0 0.063 0.063 0 0.082 0.086
2.3 0.079 0.065 0.088 0.129 0.119 0.177 0 0.089 0 0.103 0.099 0 0.071 0 0 0.078
24 0.068 0.072 0.084 0.045 0.057 0.088 0 0.086 0 0.096 0.094 0.072 0 0.124 0.165 0.083
3.1 0.196 0.232 0.135 0.249 0.086 0.124 0.125 0.192 0 0 0 0.198 0.110 0 0.131 0.135
3 3.2 0.163 0.145 0.197 0.083 0.293 0.136 0 0.182 0 0 0 0 0 0.160 0 0.180

3.3 0.140 0.122 0.167 0.166 0.120 0.114 0.249 0 0 0 0 0.132 0.220 0.156 0.184 0
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Appendix C
Table C1. Supplier’s ANP performance limiting supermatrix.
Suppliers 1. Operation 2. Ability 3. Green
A B C D E 1.1 1.2 1.3 1.4 2.1 2.2 2.3 24 3.1 3.2 3.3
A 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041
B 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038
Suppliers C 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041
D 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037 0.037
E 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047 0.047
1.1 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069 0.069
1 1.2 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061 0.061
1.3 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048 0.048
1.4 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051 0.051
2.1 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060
5 2.2 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056 0.056
2.3 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062
24 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077
3.1 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109
3 3.2 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092 0.092
3.3 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111
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Appendix D
Table D1. Green supplier selection index importance unweighted supermatrix.
1. Operation 2. Ability 3. Green
11 1.2 13 1.4 21 2.2 2.3 24 3.1 3.2 3.3
1.1 0 0.350 0.315 0.327 0 0.316 0.490 0.511 0.421 0.330 0.290
1 1.2 0.365 0 0.347 0.349 0.600 0.333 0 0 0.218 0.511 0.153
13 0.328 0.331 0 0.324 0.400 0 0.510 0.263 0 0 0.120
14 0.307 0.319 0.338 0 0 0.351 0 0.226 0.361 0.160 0.437
2.1 0 0.501 0.340 0 0 0.345 0.318 0.324 0.500 0 0
’ 2.2 0 0.499 0 0 0.326 0 0.318 0.317 0 0.333 0.348
2.3 0.667 0 0.335 0 0.349 0.336 0 0.358 0 0 0.315
2.4 0.333 0 0.325 0 0.325 0.319 0.365 0 0.500 0.667 0.338
3.1 0.332 0.333 0.512 0 0 0 0.600 0.333 0 0.417 0.429
3 3.2 0.363 0 0.488 0 0 0 0 0 0.506 0 0.571
3.3 0.305 0.667 0 0 0 0 0.400 0.667 0.494 0.583 0
Appendix E
Table E1. Green supplier selection index importance weighted supermatrix.
1. Operation 2. Ability 3. Green
11 1.2 13 14 21 2.2 2.3 24 3.1 3.2 3.3
1.1 0 0.092 0.083 0.327 0 0.158 0.137 0.143 0.107 0.084 0.074
1 1.2 0.096 0 0.091 0.349 0.300 0.167 0 0 0.056 0.130 0.039
1.3 0.086 0.087 0 0.324 0.200 0 0.143 0.074 0 0 0.031
14 0.081 0.084 0.089 0 0 0.176 0 0.063 0.092 0.041 0.111
2.1 0 0.158 0.107 0 0 0.172 0.089 0.091 0.164 0 0
2 2.2 0 0.157 0 0 0.163 0 0.089 0.089 0 0.110 0.114
2.3 0.210 0 0.106 0 0.174 0.168 0 0.100 0 0 0.103
2.4 0.105 0 0.102 0 0.162 0.159 0.102 0 0.164 0.219 0.111
3.1 0.140 0.141 0.216 0 0 0 0.264 0.147 0 0.173 0.179
3 3.2 0.153 0 0.206 0 0 0 0 0 0.211 0 0.238
3.3 0.128 0.281 0 0 0 0 0.176 0.294 0.206 0.243 0
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Appendix F
Table F1. Green supplier selection index importance limiting supermatrix.
1. Operation 2. Ability 3. Green
1.1 1.2 1.3 1.4 21 22 2.3 24 3.1 3.2 3.3
1.1 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104
1 1.2 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097
1.3 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077
14 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070
21 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071
’ 22 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067
2.3 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077
24 0.102 0.102 0.102 0.102 0.102 0.102 0.102 0.102 0.102 0.102 0.102
3.1 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.118
3 3.2 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087
3.3 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130
Appendix G
Table G1. Supplier E’s index performance unweighted supermatrix.
1. Operation 2. Ability 3. Green
1.1 1.2 1.3 14 2.1 2.2 2.3 24 3.1 3.2 3.3
1.1 0 0.350 0.315 0.327 0 0.316 0.490 0.511 0.421 0.330 0.290
1 1.2 0.365 0 0.347 0.349 0.600 0.333 0 0 0.218 0.511 0.153
1.3 0.328 0.331 0 0.324 0.400 0 0.510 0.263 0 0 0.120
14 0.307 0.319 0.338 0 0 0.351 0 0.226 0.361 0.160 0.437
21 0 0.501 0.340 0 0 0.345 0.318 0.324 0.500 0 0
2 22 0 0.499 0 0 0.326 0 0.318 0.317 0 0.333 0.348
2.3 0.667 0 0.335 0 0.349 0.336 0 0.358 0 0 0.315
24 0.333 0 0.325 0 0.325 0.319 0.365 0 0.500 0.667 0.338
3.1 0.332 0.333 0.512 0 0 0 0.600 0.333 0 0.417 0.429
3 3.2 0.363 0 0.488 0 0 0 0 0 0.506 0 0.571
3.3 0.305 0.667 0 0 0 0 0.400 0.667 0.494 0.583 0
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Appendix H
Table H1. Supplier E’s index performance weighted supermatrix.
1. Operation 2. Ability 3. Green

1.1 1.2 1.3 1.4 2.1 2.2 2.3 24 3.1 3.2 3.3
1.1 0 0.092 0.083 0.327 0 0.158 0.137 0.143 0.107 0.084 0.074
1 1.2 0.096 0 0.091 0.349 0.300 0.167 0 0 0.056 0.130 0.039
1.3 0.086 0.087 0 0.324 0.200 0 0.143 0.074 0 0 0.031
14 0.081 0.084 0.089 0 0.176 0 0.063 0.092 0.041 0.111

2.1 0 0.158 0.107 0 0 0.172 0.089 0.091 0.164 0 0
» 2.2 0 0.157 0 0 0.163 0 0.089 0.089 0 0.110 0.114
2.3 0.210 0 0.106 0 0.174 0.168 0 0.100 0 0 0.103
2.4 0.105 0 0.102 0 0.162 0.159 0.102 0 0.164 0.219 0.111
3.1 0.140 0.141 0.216 0 0 0 0.264 0.147 0 0.173 0.179
3 3.2 0.153 0 0.206 0 0 0 0 0 0.211 0 0.238

3.3 0.128 0.281 0 0 0 0 0.176 0.294 0.206 0.243 0

Appendix I
Table I1. Supplier E’s index performance limiting supermatrix.
1. Operation 2. Ability 3. Green

1.1 1.2 1.3 1.4 2.1 2.2 2.3 24 3.1 3.2 3.3
1.1 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104
1 1.2 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097 0.097
1.3 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077
14 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070
2.1 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071
2 2.2 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067
2.3 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077 0.077
2.4 0.102 0.102 0.102 0.102 0.102 0.102 0.102 0.102 0.102 0.102 0.102
3.1 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.118
3 3.2 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087
3.3 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130 0.130
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