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Abstract: The establishment of an efficient reverse supply chain is important, especially in the
electronics industry, considering the environmental and resource pressures worldwide. Extended
Producer Responsibility (EPR), an important environmental policy approach, has been adopted
extensively in various countries, and the effectiveness of its implementation has been proven through
practical application. However, the establishment and development of EPR are lacking in most
developing countries where collection and recycling systems are underdeveloped. This study
addresses this problem by exploring the hierarchical relationship among the driving factors of
EPR in the electronics industry in China and by identifying and ranking the factors that are critical in
EPR implementation. As important managerial conclusions, research results show that EPR-related
laws and regulations, the consciousness of senior executives, and corporate image are the three most
important driving factors of EPR implementation.

Keywords: Extended Producer Responsibility; driving factors; Interpretative Structure Modelling;
Analytic Network Process

1. Introduction

Rapid economic development has improved the level of the national economy but has gravely
damaged the environment. Achieving sustainable development by protecting the environment whilst
maintaining economic development, has become an imminent task. Extended Producer Responsibility
(EPR), which means that the responsibility of a producer is extended to the post-consumer stage of
the product life cycle, has been extensively implemented in waste electrical and electronic equipment
(WEEE)-related laws and regulations in various countries (Organisation for Economic Co-operation
and Development or OECD [1]. Many countries have exerted considerable effort on EPR legislation and
implementation to minimise environmental pollution and encourage producers to assume the extended
responsibilities of collecting, recycling, remanufacturing, and product designing for the environment.
EPR programmes involve various policy instruments, such as fees, subsidies, bans/restrictions,
permits, targets, standards, labels, and information campaigns (Manomaivibool [2]). EPR is also
effective in WEEE management in many developed countries. Relatively mature systems of EPR have
been established and enforced in several European countries, such as Germany and Denmark, and
manufacturers implement EPR under the corresponding EPR regulation.

However, the implementation situation and progress of EPR in developing countries are less
satisfactory than those in developed countries. Moreover, most developing countries face extreme
pressure in terms of WEEE recycling due to increasing industrialisation, although the collection and
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recycling systems in developing countries are immature. For example, China has become the largest
‘manufacturing plant’ in the world. China also possesses the largest consumer group in the world and
generates a large amount of waste products. A report from the World Bank indicates that China is the
largest producer of solid waste in the world and that the waste of electronic products has become a
serious social and environmental threat. Some research data indicate that China’s electronic waste
amounted to 2212 thousand tons in 2007, and the sum increased to 3300 thousand tons in 2010 with an
annual growth rate of 19.9%. Therefore, EPR implementation in developing countries is extremely
urgent, and governments and nongovernmental organisations (NGOs) should adopt measures to
improve the spread and implementation of EPR. From this aspect, identifying the driving factors of
EPR is crucial.

Increased awareness and growing environmental concerns about the disastrous effects on
the environment and natural resources have prompted businesses and governments to reconsider
their strategy for growth and economic development. For governments, laws and regulations are
the most efficient governance tools to prompt EPR. Such laws and regulations include the WEEE
Directive (European Union), Home Appliance Recycling Law (Japan), Act for Resource Recycling
of Electrical/Electronic Products and Automobiles (Korea), and Regulation on the Administration
of the Recovery and Disposal of Waste Electrical and Electronic Products (China). Aside from the
pressure from governments and regulations, intense global competition and consumer preference
also force producers to implement EPR in their commercial practice. The green barrier is a great
challenge in trade and sales in the overseas market, especially for enterprises in developing countries.
Huawei, a famous mobile phone manufacturer, has to carry out EPR because it aims to enter European
and American markets. In western countries, consumers are usually sensitive to WEEE product
recycling when they purchase new products, and this scenario encourages manufacturers to pay more
attention to EPR. This phenomenon has resulted in increased efforts in collection system establishment,
recycling technology improvement, EPR implementation in European countries, and EPR expansion
to other countries.

The introduction and commercial cases provided above imply that factors from several
perspectives play vital roles in the promotion of EPR in a certain country or area, and the driving
factors may differ in different countries. This study aims to investigate the driving factors of
EPR implementation and identify the dominant factors amongst all of the driving factors in China.
A few suggestions and guidelines on EPR implementation in the electronics industry are provided.
As important managerial conclusions, the research results show that EPR-related laws and regulations,
the consciousness of senior executives, and corporate image are the three most important driving factors
of EPR implementation. The findings provide a theoretical foundation for EPR implementation for
governments. With regard to the research methodology, this study combines Interpretative Structure
Modelling (ISM) and Analytic Network Process (ANP). Each method is utilised to explore the driving
factors of EPR. ISM is used to explore the hierarchical relationships amongst the driving factors of EPR,
and ANP is used to rank the driving factors according to their respective weights. ISM plays a crucial
role in exploring the hierarchical relationships amongst the driving factors of EPR and provides the
input of relationships for ANP analysis, which ranks the driving factors according to their respective
weights and identifies the factors that are critical in EPR implementation.

The remainder of this paper is organised as follows. Section 2 provides a review of relevant
literature. Section 3 presents the research problem and identifies certain driving factors. Sections 4 and 5
present the analysis of driving factors through ANP and ISM. Section 6 provides several important
conclusions and insights to serve as guidelines for EPR implementation.
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2. Literature Review

2.1. Theory and Practice Research of Extended Producer Responsibility

EPR was proposed and defined by Lindhqvist as follows: “EPR is a policy principle to promote
total life cycle environmental improvements of product systems by extending the responsibilities
of the manufacturer of the product to various parts of the product’s lifecycle, and especially to the
takeback, recovery, and final disposal of the product’ (Lindhqvist, [3]). Following this definition, many
scholars and research institutions have conducted numerous theoretical and practical studies on this
policy. From the perspective of theory, OECD [1], Kibert [4] (2004), Lifset et al. [5], and Kiddee et al. [6]
thoroughly discussed the meaning of EPR. OECD [1] provided an overview of key issues, such as
general considerations and the potential benefits and costs associated with producers’ responsibility to
manage the waste generated by their products in the market. With the theoretical research on EPR,
scholars have focused on the combination of EPR theory and operation mechanism. OECD [7] provided
updated guidance on the design of EPR by analysing selected cases and discussing certain challenges
faced by several developing countries in terms of their EPR implementation. Nash and Bosso [8]
described the evolution of EPR policies in the United States, specifically the role of states as policy actors.
Kunz et al. [9] provided an overview of the stakeholders in EPR from the perspective of a complete
system; the involvement and the evolution of the roles of the stakeholders in EPR implementation
were examined. The stakeholders included producers, producer responsibility organisations, waste
operators, national authorities, municipalities, trade associations, clearing houses/national registers,
retailers, environmental and consumer NGOs, the European Commission, the illegal informal sector,
and communities. Gui et al. [10] provided an overview of various stakeholder perspectives and their
implications on attaining EPR policy objectives in practice. The authors presented recommendations
on how to achieve an effective and efficient EPR implementation. These recommendations included
the improvement of design incentives, incorporation of reuse and refurbishing, expansion of the
product scope, management of downstream material flows and promotion of operational efficiency via
a fair cost allocation design. Wang and Chen [11] analysed the current recycling system of end-of-life
vehicles in China and introduced an automotive product recycling technology roadmap as well as the
recycling industry development goals.

2.2. Driving Factor Analysis of Extended Producer Responsibility

Several scholars have conducted research on the driving factors of EPR in several industries in
different countries. Toffel [12] reviewed previous academic research on end-of-life (EOL) product
recovery, which is a component of EPR, and found that non-market and market pressures drive
companies to take responsibility for their EOL products. Zhu et al. [13] conducted empirical research
on the main factors that influence EPR implementation in the automobile industry in China and found
multiple effects of economy, technology, consciousness, international trade, laws and regulations,
government management, and other factors. Gupt and Sahay [14] conducted an exploratory review
of 27 cases of EPR in developed and developing economies with and without informal recycling;
they used exploratory factor analysis to determine 13 variables in the primary aspects of EPR
implementation. The study identified regulatory provisions, take-back responsibility, and financial
flow as the most significant aspects of EPR. Wang and Chen [15] explored EPR implementation in
vehicle remanufacturing in China. The large market of vehicles, strong support from the Chinese
government, and late-development advantage significantly promote the effective remanufacturing
processes of automotive parts. Moreover, Manomaivibool [2] conducted a case study to analyse the
drivers and barriers in applying EPR in non-OECD countries and found that large grey markets for
electronic products and illegal imports of WEEE are the two main barriers in EPR implementation in
India. Specific to the EPR implementation in China, Tong et al. [16] analysed diverse incentives to adopt
EPR in countries in developed and developing countries, and they pointed out that the incentives for
China to adopt EPR in e-waste management are quite different from those in the developed countries.
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Focusing on the exploration of the driving factors of EPR, most extant studies adopted theoretical
analysis, the empirical method, and the case study method to identify the driving factors. Meanwhile,
the hierarchical structure and the relationships amongst driving factors have not been studied.
The current research is the first to explore the hierarchical structure of the driving factors of EPR
through ISM. We obtained the cause-and-effect relationships amongst the driving factors and identified
the most fundamental driving factors. Compared with extant research that identified the driving
factors of EPR, we creatively considered several new driving factors, such as support of financing
institutions, as shown in Table 1.

Table 1. List of Driving Factors for Extended Producer Responsibility (EPR).

Serial .. .
Number Driving Factors Explanations Sources
Laws and regulations are the
instruments necessary for governance Zhu & Sarkis [17];
1 EPR-related Laws of business enterprises. EPR-related Alkhidir & Zailani [18];
and Regulations laws and regulations play an important Wu et al. [19];
role in EPR implementation Diabat & Govindan [20]
of companies.
L Enterprises whose competitors Luo etal. [21];
Mimetic Pressure . . .
2 from Competitors implement EPR widely need to keep Lilly [22];
p themselves ahead of others. Gutowasky et al. [23];
Promotion and Activity of Some promotion activities of e-NGOs Zhu & Sarkis [17];
3 Nongovernmental . .
- promote the implementation of EPR. Zhu et al. [24]
Organisations
Green finance provided by financing
4 Sup.por.t of Financing institutions to greer} enterprises Our contributed barrier
Institutions encourages enterprises to
implement EPR.
The concern of customers for Rehman & Shljlvastava 251,
. . . . Soo and Quazi [26];
5 Pressure from Consumers environment is one of influencing Sarkis [27];
factors of EPR. Berry and Rondinelli [28]
o Opoumiyinne  ETSmenension gt sinfien g, i o)
New Market Kilbourne and Beckmann [30]
for products
Consciousness of The consciousness of senior executives Singh and Kal.’lt [31);
7 . . . . Zhu and Sarkis [32];
Senior Executives to undertake EPR in the enterprise.
Allen et al. [33].
Stevels [34];
Economic Benefit The economic benefit of end-of-life Zhu and Sarkis [35];
8 of Recyclin, (EOL) products obtained by recyclers and Holt [36];
yeng P yrecy ’ Rao [37];
Green et al. [38]
Technological Innovative The. capability O.f the enterprise to . .
9 s . achieve eco design and green Our contributed barrier
Ability of the Enterprise .
manufacturing.
Environmental Hazard Negative n ﬂuep.ce on ?nv1ronment, Shang et al. [39];
10 of Products such as soil fertility, poisonous gases, Gutowski [40]
caused by EOL products.
Diabat & Govindan [20],
Reverse logistics is the one of the tools Routroy [41],
11 Reverse Logistics Capability e 08 Rao & Holt [26],
to achieve EPR.
Zhu et al. [24],
Hu & Hsu [42]
Being more responsible to the social and Chen [43];
12 Corporate Image environmental impact helps to enhance !

the enterprise’s image.

Zhu et al. [32]
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3. Methodology

3.1. ISM

ISM is a multi-criteria decision-making tool that identifies the relationships amongst various
elements and presents a visualised hierarchical structure of a complex system or a field of study.
ISM decomposes a complicated system into several subsystems (elements) and constructs a multi-level
structural model based on the practical experience and knowledge of experts (Warfield [44]; Sage [45];
Mandal and Deshmukh [46]; Jharkharia and Shankar [47]). In management research, ISM has been
extensively applied in supplier selection and policy analysis. This study adopts ISM to analyse the
hierarchical relationships amongst the driving factors of EPR.

The steps involved in ISM are as follows:

Step 1: The alternatives (criteria) that drive EPR implementation are identified.

Step 2: A contextual relationship is established based on the drivers identified in Step 1.

Step 3: A structural self-interaction matrix (SSIM) is developed for drivers; it indicates the pairwise
relationships amongst the drivers in the system under consideration.

Step 4: A reachability matrix is developed from SSIM and checked for transitivity.

Step 5: The reachability matrix in Step 4 is partitioned into different levels.

Step 6: A directed graph is drawn based on the abovementioned relationship, and transitive links
are removed.

Step 7: The resultant digraph is converted into an ISM by replacing variable nodes with statements.

Step 8: The ISM model developed in Step 7 is reviewed to check for conceptual inconsistencies
and necessary modifications.

These steps are illustrated in Figure 1.

List the drivers for EPR <4 Literature Review

v
Establish the contextual relationship (X;) .
between variables (i, j) 4—4 Experts'opinion k_

‘ Develop a structural self-interaction matrix (SSIM) A—ﬂ Develop reachability matrix ‘

‘ Partition the reachability matrix into different levels ‘

v

‘ Develop the reachability matrix in its conical form from different levels ‘

Remove transitivity from the diagraph Develop a diagraph

¥ -
Replace variable nodes with relationships | s there any conceptua
statements inconsistency?

*No

Represent relationship statement into the model for the drivers of EPR

Figure 1. Flow diagram for preparing Interpretative Structure Modelling) (modified from
Kannan et al. [48]).

3.2. ANP

ANP is a generalisation of the analytic hierarchy process; it is a comprehensive decision-making
technique that considers the dependence amongst the elements of a hierarchy and determines the
interrelationships amongst the decision variables to prioritise various alternatives (Saaty [49,50]).
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The priorities are obtained through ratio-scale and pairwise comparisons of elements. A supermatrix
is required as an ANP input in determining factor weights. A supermatrix is a collection of
matrices formed from eigen vectors, in which each matrix fragment expresses a relationship between
two clusters in a system (Meade and Sarkis [51]).

The steps involved in the ANP methodology are as follows (Saaty [49]):

Step 1: The decision problem, including its objectives, criteria and subcriteria, actors and their
objectives, and the possible outcomes of that decision, is elucidated.

Step 2: Several pairwise comparisons are conducted to establish the relative importance of
determinants in achieving the objective.

Step 3: The relative importance of each dimension for a determinant is obtained through a
pairwise comparison matrix.

Step 4: Pairwise comparison of elements at each level is conducted with respect to their relative
influence towards their control criterion.

Step 5: Pairwise comparisons are performed to determine interdependencies amongst the enablers.

Step 6: A final set of pairwise comparisons is performed for the relative effect of each of the
outsourcing alternatives on the enablers in influencing the determinants.

Step 7: A computation is performed for the supermatrix.

Step 8: The limiting priorities are synthesised by weighting each idealised limit vector by the
weight of its control criterion and adding the resulting vectors.

4. Problem Description and Data Collection

In EPR implementation, the manufacturer plays an important role in the reverse supply chain
it participates in. The manufacturer is responsible for collecting, recycling (remanufacturing),
reprocessing, and other operations of the reverse supply chain of EOL products. Therefore, from the
perspective of enterprise management, EPR implementation means a systematic change in the
production and operation system of a company. It is one of the critical strategic decisions made
by managers in enterprises. Manufacturers implement EPR for various purposes and under different
forms of pressure. In other words, several drivers (or enablers) enhance the impetus of decision makers
to implement EPR, and the possibility of manufacturers implementing EPR improves accordingly.
For policy makers to guarantee the economic and environmental benefits of social unity, governments
need to explore the drivers of the EPR implementation of enterprises and adopt the most efficient
measures to improve the driving effect.

4.1. Factor Recognition

An expert committee composed of 10 professional experts in the manufacturing industry was
established to identify the driving factors of EPR implementation. These experts have industrial
and academic experiences in the reverse supply chain in the manufacturing industry, 5 of them are
scholars in universities, and the other 5 are managers of electronics industry in China. Aside from the
opinions of the expert committee, several academic studies focusing on related topics were also used
as references (Step 1). Twelve driving factors of EPR were determined based on the review of extant
literature and consultation with the committee (Table 1).

4.2. Data Collection

After the identification of the driving factors, the expert group explored the inter-relationships
amongst the factors. ISM supports the use of expert opinions obtained through various management
techniques, such as brainstorming and nominal technique, in developing the contextual relationship
amongst the variables (Step 2). The expert committee discussed the contextual relationship amongst
the 12 factors until an agreement was made. The final agreement was presented in the form of SSIM,
which is elucidated in Section 5.
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5. Partition Analysis of Driving Factors by Using ISM

The driving factors of EPR were identified in the previous section, and the relationships amongst
them were also determined. The current section explores the driving factors of EPR through ISM,
which can identify and sum up the relationships amongst items to define an issue.

The analysis process of ISM is as follows.

5.1. SSIM

As described in Section 4.2, the relationships amongst the proposed driving factors of EPR were
developed based on the results of the discussion of the expert committee. The consensus result was
obtained through SSIM according to the inter-relationships identified by the expert committee (Step 3).
In the self-interaction matrix, the meanings of the four symbols are as follows:

V: Element i helps in achieving Element j;

A: Element j helps in achieving Element i;

X: Elements i and j help in achieving each other;
O: Elements i and j are unrelated.

The pairwise relationships amongst the 12 driving factors are shown as SSIM in Table 2.

Table 2. Structural self-interaction matrix (SSIM).

12 11 10 9 8 7 6 5 4 3 2
1 (@) \Y% O X (@) \Y% @) \% Vv \% \Y
2 (@) @) (@) @) A \Y% X A @) @)
3 (@) @) A (@) X \Y% @) \% \Y%
4 (@) @) (@) @) @) \Y% @) X
5 \% X A @) A \% \%
6 (@) A (@) A A \%
7 X A O A A
8 O \Y% A @)
9 A% @) X
10 A% @)
11 \%

5.2. Initial Reachability Matrix

According to the methodology of ISM, the initial reachability matrix was derived from the
obtained SSIM. The SSIM for the drivers in EPR implementation is presented in Table 2. The initial
reachability matrix was obtained by transforming X, A, V, and O into 0 and 1 according to the SSIM in
Table 2. The following lines explain the meaning of the symbols V, A, X, and O in the SSIM.

If an entry in the cell (7, j) in the SSIM is V, then ¢; j = 1 and ¢; ; = 0 in the initial reachability matrix.
If an entry in the cell (i, j) in the SSIM is A, then ¢; j = 0 and ¢; ; = 1 in the initial reachability matrix.
If an entry in the cell (i, j) in the SSIM is X, then ¢; ; =1 and ¢; ; = 1 in the initial reachability matrix
If an entry in the cell (7, j) in the SSIM is O, then Cij= 0 and Cij= 0 in the initial reachability matrix.

The initial reachability matrix is presented in Table 3.

The transitivity of the contextual relation is a basic assumption in ISM. If variable A is related
to B, and B is related to C, then A is necessarily related to C. The transitivity property was verified
according to this assumption (Step 4), and the final reachability matrix is shown in Table 4. In the final
reachability matrix, the calculated driver power and dependence power of each element are provided
in the last row and column, respectively.
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Table 3. Initial Reachability Matrix.

1 2 3 4 5 6 7 8 9 10 11 12

1 1 1 1 1 1 0 1 0 1 0 1 0

2 0 1 0 0 0 1 1 0 0 0 0 0

3 0 0 1 1 0 0 1 1 0 0 0 0

4 0 0 0 1 1 0 1 0 0 0 0 0

5 0 1 0 1 1 1 1 0 0 0 1 1

6 0 1 0 0 0 1 1 0 0 0 0 0

7 0 0 0 0 0 0 1 0 0 0 0 1

8 0 1 1 0 1 1 1 0 0 0 1 0

9 1 0 0 0 0 1 1 1 1 1 0 0

10 0 0 1 0 1 0 0 1 1 1 0 1

11 0 0 0 0 1 1 1 0 0 0 1 1

12 0 0 0 0 0 0 1 0 0 0 0 1

Table 4. Final Reachability Matrix.
1 2 3 4 5 6 7 8 9 10 11 12  DriverPower
1 1 1 1 1 1 1 1 1 1 1 1 1 12
2 0 1 0 0 0 1 1 0 0 0 0 1 4
3 0 1 1 1 1 1 1 1 0 0 1 1 9
4 0 1 0 1 1 1 1 0 0 0 1 1 7
5 0 1 0 1 1 1 1 0 0 0 1 1 7
6 0 1 0 0 0 1 1 0 0 0 0 1 4
7 0 0 0 0 0 0 1 0 0 0 0 1 2
8 0 1 1 1 1 1 1 1 0 0 1 1 9
9 1 1 1 1 1 1 1 1 1 1 1 1 12
10 1 1 1 1 1 1 1 1 1 1 1 1 12
11 0 1 0 1 1 1 1 0 0 0 1 1 7
12 0 0 0 0 0 0 1 0 0 0 0 1 2
Dependence Power 3 10 5 8 8 10 12 5 3 3 8 12

5.3. Level Partitions

The final reachability matrix demonstrates that reachability and antecedent sets can be obtained
(Step 5), as shown in Table 5. The procedure and corresponding rules of level partitions are summarised
as follows.

(1) Identifying the reachability and antecedent sets

The reachability and antecedent sets can be obtained from the reachability matrix. The reachability
set of Element Si consists of the elements influenced by Si, including Element Si itself. The antecedent
set of Element Si consists of the elements that influence Si, including Element Si itself as well.

(2) Separating the top-level element

The reachability and antecedent sets of all elements are listed according to the first rule, and the
intersection of the two sets of each element is analysed. The elements with the same reachability and
intersection sets, i.e., R (5i) N A (5i) = R (5i), are considered top-level elements. As shown in Table 5,
D7 and D12 are top-level elements of the ISM digraph. Under this principle, these two elements must
be discarded in the following analysis.

(3) Exploring elements in the following levels

The obtained top-level elements need to be eliminated accordingly in the following analysis, and
similar processes need to be performed sequentially. This process continues until the last element
is identified.
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The levels and corresponding sets of each element are presented in Table 5.
Table 5. Levels of Criteria.
Criteria Reachability Set Antecedent Set Intersection Set Level
R (Sp) A (Sp R(S;) NACS;)

S7 57,512 S1,S2,S3, 54, S5, 56,57, S8, S9, S10, S11, S12 S7,512 I
S12 S7,512 S1,S2,S3, 54, S5, S6,57, S8, 59, S10, S11, S12 S7,512 I
S2 S2,S6 S1,S2,S3,54, S5, S6, S8, 59, S10, S11 S2,S6 I
S6 S2,S6 S1,S2,S3,54, S5, S6, S8, 59, S10, S11 S2,S6 I
S4 S4,S5,511 S1,S3, 54, S5, S8, S9, S10, S11 S4,S5,S11 1T
S5 S4,S5, 511 S1,S3,54, S5, 58,59, S10, S11 S4,S5,S11 111
S11 54,555,511 S1,S3,54, S5, 58,59, S10, S11 54,555,511 111
S3 S3, S8 S1, S3, S8, S9, S10 S3, S8 v
S8 S3, S8 S1, S3, S8, S9, S10 S3, S8 v
S1 S1, 59, S10 S1, 59, S10 S1,S9, S10 \
S9 S1,59,S10 S1, 59, S10 S1, 59, S10 \
S10 S1, 59, S10 S1, 59, S10 S1, 59, S10 \%

5.4. Formation of the ISM-Based Model

The hierarchical relationships of the driving factors of EPR were obtained based on the steps

presented. ISM can be represented by Figure 2 by following the level partitions of driving factors
(Table 5) and the final reachability matrix (Table 4). The existence and direction of the arrow between
Elements i and j are determined by the relationship between them (Step 6). The ISM graph is shown in

Figure 2.

S7 Consciousness of
Senior Executives <

> s12 Corporate Image

A A

S2 Mimetic Pressure N
from Competitors

A

S6 Opportunity in the
New Market

A A

S4 Support of Financing
Institutions

S5 Pressure from

v
v

I

A

consumers

S11 Reverse Logistics
Capability

!

f

S3 Promotion and

A4

S8 Economic Benefit of

Activity of NGOs < Recycling
A A
S1 EPR-related Laws and > Inn:\?a-{it\e/‘;hzt?ill(i)tgw:fl the >
Regulations < X ¥ D E—
Enterprise

Figure 2. ISM digraph for drivers.

S10 Environmental
Hazard of Products

The ISM results have to be validated by academic experts and industrial managers. The feedback
from experts and managers are generally positive in this study. The ISM rule implies that if several

queries or loopholes exist in the ultimate results, then the entire analysis process should be implemented
for a second time. In addition, the results of the ISM have to be validated by both academic experts and
industrial managers. In the current study, the feedback from the experts and managers are generally
positive. Therefore, the results of the ISM in our paper are valid (Step 7).
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5.5. Matrix Cross-Reference Multiplication Applied to a Classification (MICMAC) Analysis

MICMAC analysis was applied to examine the driving power and dependence power of drivers.
The key drivers that drive the system were classified into various categories. Their driving power
and dependence power indicated that the factors can be divided into four clusters (Kannan et al. [48])
based on the last row and column of the final reachability matrix (shown as Table 4. The four clusters
are autonomous, dependent, linkage, and independent factors. The driving power-dependence matrix
is presented in Figure 3.

(1) Autonomous drivers have weak driving power and dependence power and are thus relatively
irrelevant to the system. No autonomous variable is present in this model. These drivers are presented
in Quadrant .

(2) Dependent drivers always have weak driving power and strong dependence power. Elements
52,56, S7, and S12 are strongly dependent on other factors. Dependent factors always appear on the
top of the ISM digraph. These drivers are presented in Quadrant II.

(3) Linkage drivers have strong driving power and strong dependence power. 54, S5, and 511 fall
into the linkage area and are critical in EPR implementation. Linkage factors exert a relatively strong
influence on the ultimate goal, and they have a feedback effect on themselves as well. These drivers
are presented in Quadrant III.

(4) Independent drivers have strong driving power but weak dependence power. Elements S1, S3,
S8, 59, and S10 are independent variables in the driving factor analysis of EPR. Independent factors
always appear at the bottom of the ISM digraph. These factors are presented in Quadrant IV.

s1
12 S9,
S10
11 |
10 I\ | 11
S3
9
S8
: |
S4
Driving 7 S5,
power Sl
)
; |
S2,
4
S6
3 I | I
S7,
2
S12
! |
0 1 2 3 4 5 6 | 7 8 9 10 || 11 12
Dependence power

Figure 3. Driving power and dependence power diagram.
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Following the results of the ISM and MICMAC analysis, EPR-related Laws and Regulations (S1),
Promotion and Activity of NGOs (53), Economic Benefit of Recycling (S8), Technological Innovative
Ability of the Enterprise (S9), and Environmental Hazard of Products (510) are the most influential
driving factors of the implementation of EPR. These five driving factors are divided into two layers,
and Elements S1, 59, and S10 are regarded as ‘key factors” which are at the bottom of the hierarchical
structure and influence the other driving factors. For manufacturers and governments, starting off
with these points to implement EPR is considered critical.

Support of financing institution (S4), pressure from consumers (S5) and reverse logistics
capability (511), are linkage drivers which have strong driving power and strong dependence power.
For financing institutions, these factors significantly help in driving EPR implementation by offering
green economy-related financial derivatives and green loans. Support from the point of finance
and capital is provided for manufacturers who attempt to implement EPR. Consumer preference
for products whose manufacturers assume the post-consumption responsibility is also an important
driving factor in EPR implementation. A manufacturer who possesses a well-developed reverse
logistics system is likely to implement EPR. The main reason is that a reverse logistics system saves
operation cost during EPR implementation.

6. Factor Ranking through ANP

In the previous sections, the relationships and hierarchy of the driving factors were analysed
through ISM. However, the sequence of importance of these driving factors cannot be presented by
ISM. The current section ranks the driving factors of EPR through ANP. The 12 driving factors were
divided into four clusters in terms of their types. The four clusters are law and regulation pressure,
stakeholder factors, features of enterprises, and economic factors. The proposed ANP hierarchical
structure is shown in Figure 4.
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Figure 4. Clusters and nodes of the model.

The inter-relationships amongst the 12 driving factors were utilised as inputs in the ANP analysis.
Pairwise comparisons of these 12 factors were conducted by an expert committee, which consists of
five professional experts in the manufacturing industry. Each expert accomplished the questionnaire
which adopts Saaty’s nine-point scale. The final consensus was reached eventually after the discussion
of the expert committee.

In this research, ANP analysis was completed with the Super Decisions software. The processing
result of the weighted supermatrix is shown in Table 6.
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Table 6. Weighted Supermatrix.

Goal D1 D2 D3 D4 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

Goal

D1 0.534 0.307 0.357 0.322

D2 0.088 0.066 0.071 0.043

D3 0.288 0.330 0.134 0.135

D4 0.090 0.104 0.059 0.071

S1 0.500 0.712 0.688

S2 0.192 0.043 0.038 0.277 0.010

S3 0.044 0.016 0.008 0.004

S4 0.071 0.030 0.057 0.019

S5 0.192 0.155 0.225 0.050 0.029 0.108

S6 0.250 0.790 0.745 0.758 0.113 0.702

S7 0.152 0.486 0.210 0.198 0.775 0.071 0.723 0.146 0.051 0.095

S8 0.250 0.745 0.113 0.219

S9 0.033 0.049 0.007

S10 0.179 0.111 1.000 0.052 0.095

S11 0.090 0.073 0.015 0.029

S12 0.179 0.111 1.000 0.052 0.095

12 of 17
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The priorities of the four dimensions were obtained from the processing results as follows:
D1 =0.5339, D2 = 0.0877, D3 = 0.2881, and D4 = 0.0903. D1 > D3 > D4 > D2 can be inferred. In other
words, law and regulation pressure (D1) is the most significant dimension in motivating enterprises to
implement EPR.

The priorities of the driving factors in the four dimensions are listed in Table 7. The sequence
of factor priorities is 51 > S7 > S12 > 56 > 52 > S5 > S8 > 54 > S3 > 510 = S11 > S9. This priority
sequence implies that EPR-related laws and regulations (S1), consciousness of senior executives (S7)
and corporate image (512) are the three most significant driving factors in EPR implementation.
The results show that laws and regulations have the most effective driving power in promoting EPR
implementation. Consciousness of senior executives (S7) and corporate Image (512) also play important
roles in promoting EPR. In other words, enterprises whose senior executives realise the importance
and obligation of EPR are willing to implement EPR in their commercial practice. Enterprises which
have a good corporate image also always have the impetus to adopt EPR.

Table 7. Priorities of Driving Factors.

Name Priorities
S1 EPR-related Laws and Regulations 0.534

S2 Mimetic Pressure from Competitors 0.04676
S3 Promotion and Activity of NGOs 0.00516
S4 Support of Financing Institution 0.00684
S5 Pressure from Consumers 0.02925
56 Opportunity of New Market 0.07556
S7 Consciousness of Senior Executives 0.14448
S8 Economic Benefit of Recycling 0.01444
59 Technological Innovative Ability of the Enterprise 0.00014
510 Environmental Hazard of Products 0.00028
511 Reverse Logistics Capability 0.00028
512 Corporate Image 0.14282

The result indicates that EPR-related laws and regulations play a key role in the establishment
and development of EPR, which accounts for approximate 0.534. In addition, consciousness of senior
executives and corporate image has important effects on the establishment and development of EPR,
which accounts for about 0.14448 and 0.14282 respectively. Obviously, the above results are intuitive
and reasonable, and the reasons are that EPR-related laws and regulations directly and mandatorily
enforce firms to take their responsibilities to recycle, refurbish, remanufacture, and dispose their
products, which have a vital impact on firms’ decisions and policies. Furthermore, if firms aim to
shape good social images or senior executives have strong environmental consciousness, they are
likely to carry out an EPR program and take some environmental and green actions. These results
also provide support for why so many scholars focus on investigating the effects of governmental
take-back legislations on companies” product recovery and remanufacturing strategies (e.g., Klausner
and Hendrickson [52]; Webster and Mitra [53]; Atasu and Wassenhove [54]; Esenduran et al. [55,56]).

Except for these above three factors, we can observe that opportunities of new markets, mimetic
pressure from competitors, pressure from consumers, and economic benefit of recycling are helpful to
the implementation of EPR, which approximately account for 0.07556, 0.04676, 0.02925, and 0.01444
respectively. All of these factors can be summarized as economic incentives. Both chances to enter
a new market, mimetic pressure from competitors, pressure from consumers, and economic benefit
of recycling have a huge impact on production and inventory policies as well as market demand.
Therefore, firms must take them into account in maximizing their long-term and short-term profit.
Similarly, these discoveries help us explain why large numbers of scholars focus on exploring how
collection cost structure, horizontal competitions, secondary market, and consumers green preference
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affect firms reverse logistics and remanufacturing policies (e.g., Oraiopoulos et al. [57]; Atasu et al. [58];
Chuang et al. [59]; Zhu and He [60]).

7. Conclusions

The establishment of efficient reverse supply chains in the manufacturing industry is important,
especially in the electronics industry, because of the environmental and resource pressures worldwide.
EPR is an effective environmental policy approach that has been extensively adopted in several
countries. The effectiveness of its implementation has been proven through practical application.
However, the establishment and development of EPR in most developing countries where collection
and recycling systems are underdeveloped are lacking. This study addressed this problem by exploring
the hierarchical relationship amongst the driving factors of EPR in the electronics industry in China
and by identifying and ranking the factors that are critical in EPR implementation. The factors that are
likely to encourage EPR performance were also identified. After identifying the driving factors and
their hierarchical relationships, the incentive mechanism of EPR in the electronic industry, which helps
stimulate EPR implementation amongst manufacturers, was obtained.

This study provides managerial implications for governments and manufacturers with regard
to EPR implementation. For governments, the research findings provide a few guidelines on
policymaking and system construction. Under EPR laws and regulations, manufacturers have to
integrate the extended responsibility into their extant operation system. This paper presents the
driving mechanism of EPR implementation in the electronics industry in China. Specifically, the
consciousness of senior executives (S7) and corporate Image (S12) lay at the top level, which are
the barriers that are affected by the lower factors and these barriers are comparatively easy to be
influenced. There is comparatively less need to put much effort on improvement of these two
factors. The second level includes two driving factors: Mimetic Pressure from Competitors (52)
and Opportunity of New Market (S6). The results show that EPR-related laws and regulation (S1),
Technological Innovative Ability of the Enterprise (S9), and Environmental Hazard of Products (510)
are the three most significant driving factors of the implementation of EPR. Among these three factors
which have obvious driving impact, Environmental Hazard of Products (S10) is determined by the
type of the product, Technological Innovative Ability of the Enterprise (S9), Environmental Hazard
of Products (510) depend on the property of a company, and EPR-related Laws and Regulation (S1)
is set by governments. The role of governments and policy makers should be to promote EPR
implementation through appropriate laws and law enforcement. On the one hand, ‘EPR-related Laws
and Regulations’, which is the bottom-level element of the ISM digraph, plays a fundamental role
in driving EPR implementation. On the other hand, this element is the first priority in promoting
EPR implementation. From the perspective of third-party organisations (financing institutions and
e-NGOs), their support and promotion efforts help promote EPR implementation. The government
can also provide these third-party organisations several financial or policy incentives for providing
support to indirectly drive EPR implementation. Consumer factors also exert a driving effect, which
means that the government and the society as a whole should exert considerable effort to promote the
concept of EPR.

Every study, including the current one, possesses several limitations. The limitations of the
current research are as follows. The expert committee consisted of 10 experts from industry and
academia. However, the final results of their discussion and analysis are limited by the group size,
and the results can be affected by their subjectivity. The same study can also be conducted in other
areas, specifically in other developing countries, to explore the driving factors of EPR and analyse the
dissimilarities between them. Structural equation modelling can also be adopted to quantitatively
analyse the relationships identified through ISM. Structural Equation Modelling can also be adopted
to quantitatively analyse these relationships, to obtain interrelationships among driving factors of EPR
relying on data collected from enterprises.
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