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)e effective treatment of wrap tires could mitigate black pollution, reduce carbon emission, and supply risks. )e Extended
Producer Responsibility (EPR) system is an effective way to deal with the problems aroused from wrap tires in some countries. In
order to analyze the driving factors for the EPR system in the Chinese tire industry, this study first identifies the key driving factors
based on literature analysis, expert interviews, and field research. And then, using the grey decision-making and trial evaluation
laboratory (Grey-DEMATEL) method, the interrelationships among these factors were quantified analyzed. We find that the
causal factor is to “strengthen the service function of dealers and service providers and improve the satisfaction of sales channels.”
Finally, sensitivity analysis was performed to ensure the robustness of the results. Conclusions are summarized below. If the
implementation of the EPR system for tire companies can promote the sales of new tires, achieving the economic and envi-
ronmental benefits must be the most critical factor. )e effect factor is to fulfill social responsibility and achieve the brand effect.
)is result is in line with the original intention of tire companies to fulfill social responsibility and realize resource recycling. )e
key factors are related to policy guidance and regulations at the national level. And managerial implications are suggested for
promoting the EPR system in China tire industry.

1. Introduction

)e disposal of used and waste tires has become a global
challenge. )e random disposal of scrap tires creates serious
environmental problems (“black pollution”) and poses high-
risk safety hazards such as fire [1]. )is situation is par-
ticularly serious in China. )e country is the world’s largest
tire producer and consumer, accounting for about 40% of
the global annual tire output and generating more than 300
million scrap tires each year, of which less than 50% are
effectively disposed of [2]. At the same time, waste tires have
great potential to be recycled and reused through processes
such as tire retreading, reclamation of rubber (powder),
thermal cracking, and prototype utilization [3]. Of these
avenues, the production of reclaimed rubber (powder) can
effectively alleviate the Chinese tire industry’s dependence
on imported natural rubber. )e industry accounts for more
than 70% of China’s natural rubber consumption, 90% of

which comes from foreign imports [4]. In addition, as tire
production is a highly energy-intensive process, the reuse of
scrap tires (retreading, etc.) can effectively reduce the carbon
emissions of tire producers. )us, the effective disposal and
recycling of used tires are of strategic importance to China as
they not only reduce the environmental hazards but also
alleviate to some extent the impact of natural rubber as a
“limiting” resource on China’s economy [5, 6].

)e Chinese government has been committed to the
effective disposal of scrap tires. In 2011, the National De-
velopment and Reform Commission (NDRC) included
waste tires in the catalog of key areas for resource utilization
in the 12th Five-Year Plan. In 2015, the Ministry of Finance
introduced special tax incentives to encourage the recycling
and reuse of waste tires. )e NDRC organized a symposium
in 2019 to discuss the role of Extended Producer Respon-
sibility (EPR) in the treatment and disposal of waste tires in
China based on the experience of other countries. )e
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establishment and practice of EPR aim to address pollution
and achieve waste recycling at the same time. Currently, an
EPR system for tires has been successfully implemented in
some countries. With the state, enterprises, and the public
paying increased attention to environmental protection, the
atmosphere is also favorable for the implementation of an
EPR system for tires in China. In the context of the con-
struction of an ecological civilization, relevant policies, laws,
and regulations have been introduced in China to regulate
the scrap tire market from various perspectives, which is
encouraging the recycling of scrap tires and promoting the
sustainable development of the tire industry as a whole.
Although an EPR system entails extra costs for tire pro-
ducers, it also reduces their raw material procurement costs
and risks. In addition, it is also an important aspect of the
social responsibility of tire producers as it will help build a
good social image. However, in practice, companies are still
not sufficiently motivated, with only limited actions being
taken thus far; i.e., they have not been strongly incentivized.

Against this backdrop, this paper aims to systematically
elaborate on the driving factors for the implementation of an
EPR system in China’s tire industry and uses the Grey-
DEMATEL method to study the correlations between in-
dividual drivers in order to reveal the most imminent and
fundamental driving forces among them and provide the
government and enterprises with a basis for the effective
formulation and implementation of an EPR system.

2. Materials and Methods

2.1. Literature Review

2.1.1. EPR System. )e concept of EPR is first defined by
Lindhqvist [7] as a strategy to reduce the total environmental
impact of a product by requiring producers to be responsible
for the whole life cycle of the product. )e basic assumption
of the EPR system is that producers could reduce envi-
ronmental impact in the design stage of a product [8]. )e
philosophy of EPR has been adopted by the government in
its policymaking. )ese policy instruments derived from the
EPR system include disposal tax, reuse and recycle pro-
grams, and other related bans or restrictions. Under the EPR
system, these producers are encouraged to develop new
disposal products by using some measures like sourcing
green materials, developing innovative dismantling tech-
niques, and designing modular components [9–11]. )e
implementation of the EPR system is expected to deal with
the waste problems through the joint efforts of various
stakeholders [5]. It has been adopted in many countries for
dealing with waste from electrical and electronic equipment,
vehicles, packaging, battery, and tires [12–14].

Some barriers and challenges for EPR system imple-
mentation have been identified [5, 15–17]. )ese barriers
include lacking a mature collection system of waste, weak
technical capabilities, and absence of laws and regulations.
Fortunately, the positive elements of the system provide lots
of win-win opportunities. )us, reasonable incentive
strategies will promote the implementation of the EPR
system [18]. Gui et al. [19] recommended several incentive

ways to promote EPR implementation, such as enhancing
design incentives, and fair cost allocation design for
stakeholders. Li et al. [18] pointed out that EPR law was
necessary for waste management and closed-loop supply
chain management. Hickle [20] suggested the government
should build a platform for all products’ EPR implantation
beyond legislation. )e incentive system or drivers for the
EPR system involve different stakeholders and cover binary
levels (macroscopic and microcosmic levels) [21, 22].

2.1.2. Key Drivers (1) Macrolevel Driving Factors

D1: Green development is a development concept at the
national level.
)e path of green development is an important com-
ponent of Xi Jinping’s thought on economic devel-
opment and socialism with Chinese characteristics for a
new era.)e construction of an ecological civilization is
the backbone of the sustainable development of China’s
economy [23, 24]. )e carbon neutrality and carbon
peak goals under the green development plan will
inevitably require the tire industry to tackle the
problem of “black pollution” and realize the recycling
and harmless reuse of scrap tires, which is an important
driving factor for the government to promote the
implementation of Extended Producer Responsibility.
D2:)e related laws require the implementation of EPR
for some products.
Legislation is the optimal avenue and necessary pre-
requisite to promote EPR [18]. )e EU’s experience has
shown that the EPR system established under the
framework of the 1999/31/EC law has promoted the
recycling of used tires, achieving a 23% to 100%
recycling rate of used tires in major member countries
[25]. )e Circular Economy Promotion Law and the
Solid Waste Prevention Law have already required the
implementation of EPR for certain products. Although
no mandatory catalog has been established, they have
certainly promoted the implementation of EPR by
enterprises to some extent.
D3: Recycled rubber is a strategic alternative to rubber.
Recycled resources are obtained from waste products
through recycling and reuse. Originating from primary
resources, they also compete with, replace, and sup-
plement the primary resources. Recycled resources will
play an important role in supporting socioeconomic
development when social resource accumulation rea-
ches a certain scale [26]. Recycled rubber made from
waste tires can replace a certain proportion of fresh
rubber, which is widely used in economic activities
nationwide [27].
D4: Scrap tires as a recycled resource to support the
sustainable development of the tire industry.
With institutional support, the multiplier effect of
recycled resources can significantly enhance the sus-
tainable use of resources, reduce the consumption of
primary resources, and support the sustainable
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development of the industry [26]. A retreaded tire can
save more than 70% of the primary resources, including
rubber, steel, fiber, and carbon black.
D5: Strengthened government crackdown on non-
compliant companies.
In China’s dualistic economic structure, waste products
are a low-priced commodity. )e process of promoting
EPR should take into account both policy protection
and the need to strengthen the crackdown on non-
compliant enterprises (those that emphasize economic
development while polluting the environment).
)rough a binding system of fines, deposit refunds,
prepayment, and credit ratings, the government can
regulate companies and punish violators, thus promoting
better compliance with the EPR system and contributing
to the construction of a national circular economy
[13, 28, 29]. More than 70% of waste tires in China were
used to produce recycled rubber and rubber powder,
causing serious secondary pollution during the produc-
tion process, so many enterprises have been shut down.
D6: National ministries and commissions frequently
issue policies on the scrap tire industry.
As a typical recycled resource industry, the scrap tire
industry has caught the attention of business and
government agencies for its ecological significance and
green development implications. In 2017, the Guidance
on Accelerating the Development of the Recycled Re-
sources Industry was promulgated; it called for the
establishment of a recycled resources system repre-
sented by the scrap tires industry by 2020 and the
institution of a functional EPR system. )e General
Office of the State Council’s “Guidance on Actively
Promoting Supply Chain Innovation and Application”
issued in 2017 required the implementation of an EPR
system focusing on tires and other products. In January
2019, the NDRC issued a letter to solicit opinions on the
Implementation Plan for Building an Extended Producer
Responsibility System in the Tire Sector.

(2) Microlevel Driving Factors for Companies

D7: Access to government subsidies and preferential
policies.
)e government can use incentives such as rewards,
subsidies, tax incentives, and differential pricing to
promote better implementation of an EPR system by
enterprises, which would be conducive to the con-
struction of a national circular economy [10, 30].
D8: Practicing social responsibility and achieving brand
influence.
)e EPR system is not limited to environmental
responsibility in the production process but extends
its green pledge throughout the entire life cycle of
the product [20]. )e public’s sociopsychological
attitude toward remanufactured products can im-
pact their purchasing decisions; the government’s
encouragement of the public’s green consumption
can have a positive impact on the brand image of

enterprises and encourage them to establish an EPR
system [31] to achieve a closed-loop cycle of waste
and sustainable development [18, 32].
D9: Reducing the cost of use for end users.
In Italy, recycled products (remanufacturing) have
been found to reduce the cost of use for end users
(consumers) and promote consumers’ use of retreaded
tires [33], generating a sustainable downstreammarket.
D10: Using recycled materials to reduce costs.
)e use of recycledmaterials can effectively supplement
the supply of raw materials; thus, it can not only
maintain a stable supply chain but also lead to more
affordable prices [34], which indirectly increases the
profitability of a company [35].
D11: Scrap tire recycling can boost new tire sales.
)e sociopsychological attitudes of the general public
toward remanufactured products determine cus-
tomer purchase decisions [31]. Encouraging the
public’s preference for green consumption can have a
positive impact on increasing customer volume and
sales for companies, which in turn promote their EPR
systems [18].

2.2. Typical Cases of Scrap Tire Recycling in the Chinese Tire
Industry. Although China has not yet required the estab-
lishment of an EPR system for tires, responsible enterprises
have already established or are planning to establish their
own recycling units to carry out practical activities for the
recycling of waste tires. Hangzhou Zhongce Rubber Co.,
Ltd., is one of the largest tire enterprises in China and has
been among the top ten tire sellers in the world for multiple
years in a row. Established in 2009, Zhongce Rubber
Recycling Technology Co., Ltd., is a wholly-owned subsid-
iary of Zhongce Rubber, undertaking the recycling of its own
brand of scrap tires.

In October 2014, Zhongce Rubber Recycling Technology
Co., Ltd., was approved as a backbone enterprise of the
NDRC’s “Double Hundred Project” to promote the com-
prehensive utilization of waste tires. In March 2014, the
China Tire Retreading and Recycling Association, Ministry
of Commerce, Ministry of Finance, and Ministry of In-
dustry and Information Technology designated Zhongce as
the only pilot site in China to carry out recycling work. In
June 2014, Zhongce featured among the first batch of
enterprises to meet the industry access requirements for
comprehensive utilization of scrap tires by the Ministry of
Industry and Information Technology. In November 2015,
it was shortlisted for the Ministry of Industry and Infor-
mation Technology’s “List of Major Demonstration Proj-
ects for National Resource Recycling and Utilization.” As
Zhongce is one of the largest tire producers in China and
the first to implement the demonstration work, the re-
search on the driving factors of tire recycling in Zhongce
provided important practical significance for exploring the
driving factors of EPR and building an EPR system in
China’s tire industry. )e research obtained the following
findings.
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)e main driving factors of Hangzhou Zhongce’s scrap
tire recycling initiative stem from the following aspects. (1)
Undertaking social responsibility and demonstration effect:
the management of Hangzhou Zhongce, as the leader of the
domestic tire industry, took the initiative to recycle waste
tires as part of efforts to fulfill its social responsibility. At the
2019 China Rubber Annual Conference, the company
chairman stated that “Zhongce Rubber has been committed
to exploring the recycling of scrap tires since 2011. )e
project does not generate profits, but the loss is not a lot, and
I think it is part of the enterprise’s social responsibility
philosophy.” (2) Reducing environmental pollution and
saving resources: the reuse of waste tires will reduce “black
pollution,” save resources and support the sustainable de-
velopment of the tire industry. (3) Brand promotion:
Zhongce believes that recycling tires can enhance the brand
value and improve the image of the company in the eyes of
the public and government. (4) Promoting new tire sales:
brand enhancement can drive the sales of new tires. (5)
Strengthening the service functions of dealers and retailers:
the recycling of scrap tires solved dealers’ problems of
storing and processing scrap tires and enhanced the service
functions. (6) Reducing the cost of tire use for end users:
retreading and using recycled materials can reduce costs.
)erefore, in addition to the driving factors obtained
through the literature analysis, a new driving factor emerged
in the case of Zhongce.

D12: Strengthening the service functions of dealers and
retailers to enhance customer satisfaction.
Tires reach consumers through dealers and retailers. At
the same time, the retail sites also assume responsibility
for recycling used tires. Strengthening the service
functions of dealers and service providers improves
consumer satisfaction with sales channels.

3. Research Methodology

3.1. Determination of the Key Driving Factors. In this study,
there are 12 main drivers of the Extended Producer Re-
sponsibility (EPR) system in the tire industry in China
(Table 1), which were identified and refined primarily
through the following processes:

)e first approach was a literature review. )is study
reviewed theoretical research on EPR from domestic
and international literature and also took into con-
sideration established EPR practices of the tire in-
dustries in European countries and the United States
and their national development concepts, regulations,
and policies.
)e second avenue was expert interviews. A three-hour,
semistructured thematic meeting was held with the
director of the Technical and Economic Committee of
the Chinese Rubber Association, as well as the adviser
and the secretary-general of the Scrap Rubber Recy-
cling Branch. )is was followed by several return visits
to the secretary-general of the Scrap Rubber Recycling
Branch, as well as communications on related issues

with industry experts and enterprise technical
managers.
)e third approach was a special investigation at the
enterprise. At the end of 2017 and in March 2018, a
special research meeting was held at Hangzhou
Zhongce Recycling Technology Co., Ltd. More than 20
people participated in the event, including the vice
general manager of Hangzhou Zhongce Group, the
general manager of Zhongce Recycling Technology Co.,
Ltd., technical and quality management personnel,
university researchers, and members of industrial
associations.

3.2. DEMATEL Questionnaire Development and Data
Collection. Based on expert advice, the questionnaire was
divided into three parts. )e first part contained the basic
information of the respondents, the second part defined the
driving factors, and the third part collected the core data.)e
data collection started in December 2017 with a series of
interviews with several industry experts to understand the
current situation of waste tire management in China. In
March 2018, a team of experts went to Hangzhou Zhongce
Recycling Technology Co., Ltd., to organize on-site work-
shops and production site visits to understand the practical
aspects of scrap tire management. )ese interviews and
surveys helped shed light on the drivers and barriers. Pre-
questionnaire interviews were conducted with the most
representative entrepreneurs, technical experts, and experts
from industrial organizations from July to September 2018,
with 33 valid questionnaires collected out of 37. Based on the
results of the prequestionnaire surveys, some factors were
removed and the sentences of the questionnaire were
reorganized to make it more accurate and academic. Finally,
in December 2018, five experts were selected from the above-
mentioned organizations to complete the comparison of the
barriers. All of them had solid experience in the tire industry
and a thorough understanding of the recycling industry.)e
experts were from tire companies, industry organizations,
and recycling companies, with two managers from tire
companies (one senior and one middle level), two experts
from rubber associations (deputy secretary-general and
branch secretary-general), and one senior manager from a
recycling company. As these experts had participated in
face-to-face interviews, discussion symposiums, telephone
discussions, and written communications in the early stage,
they held consistent views about relevant entries, thus
eliminating individual bias. Meanwhile, for the purpose of
standardization, the influencing factors were explained for a
better understanding of the experts. )e research method in
this paper was to form a matrix based on the third part. All
the evaluation results collected from 5 experts are displayed
in Table 2. After the grey number clearing process, a basic
matrix was obtained and subject to Grey-DEMATEL
analysis.

)e following section provides a brief description of the
organizations for which the five experts were working. Tire
manufacturers and rubber recycling companies are two key
players in an integrated supply chain management system,
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while industry associations know the whole picture of the
industry. )erefore, the data for this paper came from two
tire companies, Bridgestone China and Double Coin Tire;
two associations, the China Rubber Industry Association
and the Scrap Rubber Resource Comprehensive Utilization
Branch of the China Rubber Industry Association; and one
recycling company (Hangzhou Zhongce Recycling Tech-
nology Co., Ltd.).

Founded in 1931, Bridgestone is a Japanese tire company
and is also currently one of the world’s largest tire manu-
facturers. Bridgestone (China) Investment Co., Ltd., is a
wholly-owned subsidiary of Bridgestone in China. Its Tire
Division consists of four factories located in Shenyang,
Tianjin, Wuxi, and Huizhou, which mainly produce com-
mercial vehicle tires and car tires, as well as a retreading
factory for aircraft tires in Qingdao. )e Tire Division has
about 6,000 employees. Bridgestone prioritizes environ-
mental protection in its daily operations and has proposed a
vision for everything to be recycled by 2050. Recycled
products from tires are used to partially replace rubber in the
production process to promote environmentally friendly
practices and achieve its goal of being a sustainable com-
pany. Bridgestone has designated a special department to
manage the supply of recycled rubber.

Double Coin Tire is one of the earliest tire producers in
China and was once the largest tire company in the country,
making great contributions to the domestic tire industry.
Double Coin Tire has four production bases in China and
follows a corporate philosophy of producing safe, green, and
environmentally friendly products. Double Coin Tire has
been actively promoting the recycling of tires.

)e China Rubber Industry Association (CRIA) was
established in 1985 and is composed of 1,500 members and
15 professional branches. CRIA is a voluntary organization
that guides the development of the rubber industry, provides
technical and policy services to the industry, and drafts
industry group standards. It also serves as a communication
channel between the government and enterprises. Pro-
moting a circular economy and reducing carbon emissions is
an important mission of CRIA.

)e Scrap Rubber Resource Comprehensive Utilization
Branch, a branch of CRIA, was also established in 1985. Its
purpose is to promote the recycling of scrap rubber in China.
)e branch is a resource-based organization established by
enterprises closely related to recycling. It serves as a

communication channel between government agencies and
enterprises, pushes technological innovation, publicizes and
encourages a circular economy, and promotes the estab-
lishment of standards and regulations.

Hangzhou Zhongce Recycling Technology Co., Ltd., is a
recycling enterprise established in 2009 as a wholly-owned
subsidiary of Zhongce Rubber Group, the largest tire
manufacturer in China and one of the top ten enterprises in
the global tire industry. )e main business of Hangzhou
Zhongce Recycling Technology Co., Ltd., is the extension of
sales of Zhongce Rubber tires, as well as the recycling and
comprehensive utilization of waste tire resources, including
through tire retreading, repair, recycling and comprehensive
utilization of relevant resources, and sales of downstream
products. )e enterprise follows the basic principle of re-
duction, reuse, and recycling of the circular economy. It has
established a world-leading industry chain for the com-
prehensive utilization of waste tires, including scrap tire
sorting, retreading, rubber powder production, and recla-
mation of waste rubber. In addition, Hangzhou Zhongce
Recycling has established a national-level demonstration
line for the comprehensive utilization of waste tires.

3.3. Data Processing and Analysis. DEMATEL (Decision-
making Trial and Evaluation Laboratory) was proposed by
the Bastille National Laboratory in the United States in 1971
to identify the fundamental influencing factors from many
influencing factors and provide support for decision-mak-
ing. )is method is applied for analyzing the causal rela-
tionship among critical factors, e.g., driving or barrier
factors, which is identified under a structural theoretical
model. Diagraph theory is embedded in the DEMATEL
method, helping us reveal the causal relationship by dividing
and connecting associated factors behind the issues [36]. In
this method, all the relevant factors are classified into two
quadrants: causal and affected by analysis of the interde-
pendence relationship levels among factors [37]. )e re-
sponses from experts for influencing degree between two
factors are organized as a visual map to provide directions
for solving the problems in the real world [38].

Some factors like the bias of experts and ambiguous
information could lead to inconsistent decision-making.
And the DEMATEL method is not suitable in an unclear or
undefined environment [37]. To mitigate these

Table 1: Driving factors for tire companies to implement EPR system.

No. Driving factors No. Driving factors

D1
Green development is a development concept at the national

level D7 Access to government subsidies and preferential policies

D2
)e related laws require the implementation of EPR for some

products D8 Practicing social responsibility and achieving brand influence

D3 Recycled rubber is a strategic alternative to rubber D9 Reducing the cost of use for end users

D4
Scrap tires as a recycled resource to support the sustainable

development of the tire industry D10 Using recycled materials to reduce costs

D5
Strengthened government crackdown on noncompliant

companies D11 Scrap tire recycling can boost new tire sales

D6
National ministries and commissions frequently issue policies

on the scrap tire industry D12
Strengthening the service functions of dealers and retailers to

enhance customer satisfaction
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shortcomings, grey set theory is more effective than fuzzy
concepts in applying the DEMATEL method [39]. As the
fuzzy-based DEMATEL method could not map the mem-
bership function, this combination of grey and the
DEMATEL method makes more confident decisions under
human involvement [40]. In reality, experts’ analysis of the
relationship between various factors tends to be ambiguous
and their recognition of the importance of the factors that
drive the implementation of ERP by Chinese tire companies
varies. Hence, this paper used the Grey-DEMATEL method
to quantify the drivers with the specific analysis process
listed hereinafter.

Using the principles of graph theory and matrix theory,
DEMATEL can effectively identify the fundamental influ-
ences from many complex influencing factors to provide
support for decision-makers [41]. )is approach has been
widely used in previous research work, including in the fields
of waste collection and remanufacturing [37, 42] and in-
tegrated green supply chains [43]. In this paper, the
DEMATEL approach was used to reveal the most urgent and
most critical drivers that need to be addressed in the long
term according to their importance. In addition, the com-
bination of DEMATEL with the grey method was able to
reduce the uncertainty caused by the subjective evaluation of
experts [37, 44].

Taking into account the available studies, the specific
analysis process was as follows:

Step 1: According to the literature [45], the semantic
variables of the experts were derived as shown in
Table 3.
Step 2: )e basic grey number influence matrix was
obtained.
Step 3: According to the literature [46, 47], the grey
number clarification directly affected the matrix.

Step 4: According to the literature [45], the grey
semantic variables with the expert weights were
derived; see Table 4. )e experts’ weights were

assigned differently according to their positions,
knowledge, and working experiences on waste tires.
Initially, experts 1–5 were assigned weights of 0.25,
0.25, 0.2, 0.15, and 0.15, respectively. Based on the
expert weights (see Table 4), the direct influence
matrices of the individual experts were combined
into a direct influence matrix, with the combined
direct influence matrix.
Step 5: )e direct influence matrix was standardized
and the combined influence matrix was calculated.
Step 6: )e causality and centrality of each driver were
calculated; see Table 5.
Step 7: A Cartesian coordinate system was established
based on the centrality and causality of each driver, the
position of each driver in the coordinate system was
marked, and the cause-effect diagram of the distribu-
tion of driving factors was plotted. At the same time,
the initial value of θ � 0.3062 was set based on themean
and standard deviation of the combined influence
matrix T, while curved arrows were plotted, as shown in
Figure 1.

)e equation associated with DEMATEL is shown
below.

SetA as the original relationship matrix, in the form of
i × i matrix, where amn indicates the degree of influence of
the factor m on n, and C denotes the direct relationship
matrix after standardization. )e total relationship matrix
Swas calculated according to equation (3), where I denotes
the unit matrix. D and R were calculated based on equations
(4) and (5).

K �
1

max 1≤m≤ i 
i
n�1 amn

, (1)

C � K × A, (2)

S � C(I − C)
−1

, (3)
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Figure 1: Cause-effect diagram of driving factors.
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Table 2: Data collected from five experts.

Expert 5 1 2 3 4 5 6 7 8 9 10 11 12
1 0 3 3 3 3 2 4 1 2 2 3 3
2 4 0 2 3 0 0 3 1 3 2 3 0
3 1 2 0 3 1 1 1 0 0 0 0 0
4 3 3 2 0 3 2 3 1 2 2 3 1
5 3 2 1 2 0 3 3 1 1 0 3 0
6 3 2 1 2 2 0 2 1 2 2 3 2
7 2 1 1 1 1 2 0 0 0 0 2 1
8 0 0 2 2 2 1 3 0 2 1 1 1
9 3 2 3 1 3 3 1 2 0 1 2 0
10 2 2 1 2 1 2 1 2 1 0 1 0
11 3 3 3 3 2 2 3 1 1 1 0 1
12 2 2 1 3 2 3 3 1 2 1 0 0
Expert 2 1 2 3 4 5 6 7 8 9 10 11 12
1 0 4 3 3 4 3 3 3 2 3 4 2
2 4 0 4 4 4 4 4 4 4 4 4 4
3 4 4 0 3 4 4 4 3 3 3 4 4
4 4 4 4 0 4 4 4 3 3 3 4 4
5 4 4 3 3 0 3 3 3 3 3 3 3
6 4 4 3 3 3 0 3 3 3 3 3 3
7 4 4 2 2 2 3 0 2 2 2 2 2
8 4 4 4 3 3 3 3 0 3 3 3 4
9 4 4 4 4 4 4 3 3 0 2 3 2
10 2 2 2 2 2 2 2 2 2 0 2 2
11 4 4 4 4 4 4 4 4 4 4 0 4
12 4 4 3 3 3 4 3 3 3 3 4 0
Expert 3 1 2 3 4 5 6 7 8 9 10 11 12
1 0 3 2 2 4 3 2 2 3 2 3 2
2 3 0 2 3 2 3 1 2 3 2 2 1
3 2 3 0 2 3 2 2 1 1 2 3 2
4 3 2 3 0 2 1 2 3 3 2 2 3
5 3 2 3 2 0 2 2 1 1 2 3 2
6 2 3 2 2 1 0 2 3 2 2 4 2
7 2 3 1 2 3 2 0 2 2 2 2 1
8 3 2 3 1 2 1 2 0 3 3 1 2
9 3 2 2 2 1 2 3 2 0 2 2 2
10 1 2 2 3 4 2 2 1 2 0 1 1
11 2 3 1 2 2 3 3 2 2 3 0 1
12 3 2 3 2 3 3 2 2 1 2 2 0
Expert 4 1 2 3 4 5 6 7 8 9 10 11 12
1 0 4 3 3 2 3 2 3 3 1 3 2
2 3 0 4 4 3 4 3 1 1 1 4 2
3 4 3 0 4 3 4 1 3 3 1 3 1
4 4 4 4 0 3 3 1 1 1 1 2 1
5 0 1 1 1 0 1 0 1 1 1 1 1
6 1 1 1 1 3 0 0 1 1 1 1 1
7 0 0 0 0 0 0 0 2 1 1 1 0
8 0 0 0 0 0 0 0 0 1 1 0 0
9 1 1 2 2 1 1 1 2 0 1 2 1
10 0 0 0 0 0 0 0 2 0 0 0 0
11 3 3 3 3 3 3 1 2 1 1 0 0
12 1 1 1 1 1 1 0 2 2 1 1 0
Expert 5 1 2 3 4 5 6 7 8 9 10 11 12
1 0 4 0 2 4 1 4 1 1 0 4 0
2 2 0 1 0 2 1 3 0 0 0 1 0
3 0 1 0 3 0 1 0 3 3 0 0 0
4 0 0 0 0 0 3 0 2 4 0 0 0
5 1 2 0 1 0 1 1 1 2 0 1 0
6 1 1 2 3 0 0 1 0 0 0 1 0
7 1 1 0 1 2 2 0 1 1 0 2 0
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4. Results and Discussion

4.1. Research Findings. Based on the centrality and causality
of each driving factor of an EPR system in tire companies
(Table 6) and the cause-effect diagram (Figure 1) between
the factors, the following conclusions were drawn.

(1) First, to analyze the factors that promote the
implementation of EPR in tire enterprises, it is
necessary to analyze the underlying causes that fa-
cilitate implementation, i.e., the causal and conse-
quential factors. )e causal factors are not prone to
change but the consequential factors can be readily
changed. According to Figure 2, the driving factors
affecting the implementation of an EPR system in
tire enterprises were ranked based on the magnitude
of the causal factors (Ri − Ci > 0, readily influence
other factors) in the following order:D12,D1,D4,D11,
D2, D9, and D3. Of these factors, D12 (strengthen the
service functions of dealers and service providers to
improve satisfaction with sales channels), D1 (green

and circular development is a national-level devel-
opment concept), and D4 (scrap rubber as a recycled
resource to support the sustainable development of
the tire industry) were the top three contributing
factors. )e reasons are obvious in that if the
implementation of an EPR system for tire companies
can promote the sales of new tires, the most im-
portant causal factor must be the achievement of
both economic and environmental benefits. At the
same time, it makes sense that the requirements at
the national level, which are mandatory, are crucial
for the survival and development of an enterprise.
)erefore, it was listed in the second place.)e factor
D4 indicates that the implementation of the EPR
system may accelerate the recycling of scrap tires.
At present, tire companies have a broad consensus
on the importance of resource recycling. )e leading
companies in the industry have devoted more re-
sources to recycling scrap tires such as building an
integrated supply chain connecting forward and
reverse supply chains, buying or building recycling
companies. )erefore, it is recommended that the
government first actively promote and provide
guidance on recycling of scrap tires in the main-
stream media, encourage the green consumption
behavior of the general public, and help enterprises
promote their brand image, thereby increasing the
number of customers, expanding sales, and exerting

Table 2: Continued.

Expert 5 1 2 3 4 5 6 7 8 9 10 11 12
8 0 0 0 2 1 0 0 0 2 1 0 1
9 0 0 1 2 1 1 0 1 0 1 0 0
10 0 0 0 1 1 1 0 1 0 0 1 0
11 1 1 0 1 4 1 2 1 1 0 0 1
12 1 1 0 1 1 0 1 0 1 4 0 0

Table 3: Semantic variables with expert weight.

Semantic variables Grey number
Not important (N) [0, 0]
Relatively unimportant (VL) [0, 0.25]
Normal (L) [0.25, 0.5]
Relatively important (H) [0.5, 0.75]
Very important (VH) [0.75, 1]

Table 4: Expert background and initial weights.

Expert
no. Organization Age Position Number of years in the

industry Initial weights

1 Hangzhou Zhongce Recycling Technology
Co. 39 General manager 16 0.25

2 China Rubber Industry Association 58 Vice-secretary 36 0.25

3 Double Coin Tire 38 Head of information and
intelligence department 14 0.2

4 Scrap Rubber Resource Comprehensive
Utilization Branch 42 Secretary-general 4 0.15

5 Bridgestone (China) Investment Co. 38 Supplier management manager 16 0.1
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a positive impact. Second, the government should
continue to promote the concept of green devel-
opment with the recycling of waste tires. Finally, they
should establish a special fund and related sup-
porting policies to provide financial subsidies, tax
concessions, credit rating bonus points, etc. to en-
terprises that implement EPR, and simplify the
workload of enterprises in the implementation of the
policies.

(2) )e driving factors that were susceptible to the in-
fluence of other factors (Ri − Ci < 0) were ranked in
the order of magnitude: D8, D6, D10, D5, and D7.
)ese factors were impacted by other factors and
subsequently indirectly influenced EPR. )ey were
relatively easy to be changed, for example, D8
(practicing social responsibility and achieving brand
influence), D6 (frequent issuance of policies on the
scrap tire industry by state ministries and com-
missions), and D10 (using recycled materials to re-
duce costs). D8 and D10 focused on the social image
of a company and how technology enhanced the
competitiveness of a company, respectively. )e
social image of a company affects the public’s per-
ception and opinion of the company, which ulti-
mately impacts their purchasing decisions. In the
long run, enterprises should pay more attention to
social responsibility and build brand influence. )e
use of recycled materials is in line with the intention
of enterprises to fulfill their social responsibility and
achieve resource recycling. D6 (frequent issuance of
policies by state ministries and commissions) indi-
cates that enterprises can utilize industry policies to
actively participate in the EPR of waste tires to gain
advantages. )ese challenges provide directions for
the green transformation of tire companies and
implementation of an EPR system could orientate
the companies’ green behaviors. Currently, they
should pay more attention on soft aspects, e.g.,
fulfilling social responsibility, disclosing related in-
formation, and building green brand image.

(3) Table 6 shows that the centrality of each driving
factor is ranked according to the magnitude of the
consequential factors (Ri + Ci), with D1, D2, D4, D11,

and D9 listed as the top 5 factors. D1 (green and
circular development is a national-level development
concept) and D2 (the related laws require the
implementation of EPR for some products) had the
greatest influence among the driving factors, im-
plying that they were the most important factors in
promoting the implementation of an EPR system.
First, it is suggested that the government continue to
publicize the concept of green and ecological de-
velopment and exert influence on the entire industry
chain. For instance, the recycling of scrap tires as a
matter of social responsibility should be promoted
diligently to enhance the brand image of enterprises,
increase brand value, and serve as a prerequisite for
brand evaluation and promotion. Furthermore, the
implementation of relevant regulations should be
further strengthened, especially the intensity of law
enforcement. Circular economy law and solid waste
law require the implementation of an EPR system
although not explicitly referring to tire enterprises.
And now, there exists a mature atmosphere to deeply
implement these laws and tire companies need to
develop measures to deal with these problems
aroused by scrap tires.

4.2. Sensitivity Analysis. )is study carried out a sensitivity
analysis of the results through the Grey-DEMATEL method,
which determined the effect of a particular expert’s potential
bias on the results. )is study further analyzed the changes
in the results based on the changes in the weights of the
experts. To facilitate the analysis, the experts with the highest
weights (evaluators 1 and 3) were selected and their weights
were changed for sensitivity analysis, while the weight of
evaluator 2 (0.2) was maintained at the same level. For
example, Figure 2(a) shows the causal diagram, where a
weight of 0.30 was assigned to evaluators 1 and 3 and 0.1 to
evaluators 4 and 5. For case B (see Figure 2(b)), case C (see
Figure 2(c)), and case D (see Figure 2(d)), three weights
(0.275, 0.225, and 0.20, respectively) were assigned to
evaluation procedures 1 and 3. )e study then used the
Euclidean distance to assess the degree of difference between
the salient and baseline values.)e results for the procedures
with the three adjusted weights are shown in Figure 3, with

Table 5: )e comprehensive influence matrix of driving factors.

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12

D1 0.2943 0.3993 0.3205 0.3505 0.3903 0.3451 0.3567 0.2525 0.2916 0.2418 0.3743 0.2245
D2 0.3812 0.2670 0.3055 0.3493 0.3234 0.3241 0.3282 0.2308 0.2869 0.2336 0.3398 0.1927
D3 0.2974 0.3073 0.1904 0.3009 0.2864 0.2751 0.2508 0.2102 0.2309 0.1865 0.2790 0.1734
D4 0.3708 0.3537 0.3141 0.2479 0.3370 0.3197 0.3100 0.2430 0.2869 0.2272 0.3236 0.2094
D5 0.2798 0.2620 0.2173 0.2370 0.1873 0.2465 0.2424 0.1642 0.1882 0.1673 0.2604 0.1496
D6 0.2855 0.2804 0.2280 0.2649 0.2571 0.1937 0.2442 0.1972 0.2157 0.1921 0.2792 0.1724
D7 0.2116 0.2079 0.1479 0.1757 0.1941 0.1978 0.1365 0.1445 0.1503 0.1316 0.1979 0.1061
D8 0.2302 0.2147 0.2140 0.2083 0.2171 0.1864 0.2179 0.1182 0.2062 0.1672 0.1866 0.1447
D9 0.2921 0.2660 0.2537 0.2561 0.2588 0.2616 0.2409 0.2040 0.1606 0.1741 0.2535 0.1513
D10 0.1679 0.1761 0.1450 0.1771 0.1766 0.1683 0.1520 0.1352 0.1358 0.0862 0.1448 0.0925
D11 0.3392 0.3439 0.2824 0.3171 0.3278 0.3140 0.3151 0.2259 0.2418 0.2228 0.2333 0.1780
D12 0.2804 0.2645 0.2263 0.2578 0.2628 0.2707 0.2507 0.1895 0.2087 0.1959 0.2372 0.1171
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Figure 2: Sensitivity analysis for factors’ cause-effect diagram.
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Figure 3: Sensitivity analysis of Euclidean distance.
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most of the Euclidean distance values below 0.80. )us, bias
in weight assignment was not a major issue and the causality
evaluation results were robust and reliable.

5. Conclusions

)is paper identified the main driving factors of EPR
implementation in the Chinese tire industry based on
literature analysis, expert interviews, and field research.
Furthermore, the Grey-DEMATEL method was applied to
quantitatively analyze these drivers to identify the causal
and consequential factors of the implementation of an
EPR system in the tire industry, as well as the centrality of
each factor. It offers timely insight into the origins of the
factors influencing the implementation of EPR in the tire
industry and provides a reference for the upcoming
implementation of policies on the EPR system in the
industry. At the same time, to avoid subjective bias in
experts’ assessment, the results were also subject to
sensitivity analysis, which showed that the Grey-
DEMATEL method was effective for studying the
implementation of EPR in the Chinese tire industry.

)e results of the study indicated that the main driving
factors for the implementation of an EPR system in
China’s tire industry were D12, D1, D4, D11,D2, D9, and D3.
Among them, D12 (strengthening the service functions of
dealers and service providers to enhance satisfaction with
sales channels), D1 (green and circular development is a
national-level development concept), and D4 (scrap
rubber as a recycled resource to support the sustainable
development of the tire industry) were the top three causal
factors. D8 (practicing social responsibility and achieving
brand influence), D6 (frequent issuance of policies on the
scrap tire industry by state ministries and commissions),
andD10 (using recycled materials to reduce costs) were the
top three consequential factors. Since the causal factors
cannot be easily changed, the government and enterprises
should develop long-term measures. For instance, D12
(improve channel satisfaction) was the most important
factor influencing EPR implementation. )us, it requires
active promotion by the government, while enterprises
should strengthen channel construction through the joint
participation of players along the entire industry chain.
Since the consequential factors can be easily changed, the

government and enterprises should develop short-term
measures. For instance, consequential factor D10 (using
recycled materials to reduce costs) was the most direct and
effective factor. It encouraged enterprises to develop
recycled rubber with stable quality and low cost, reduced
costs through the use of recycled materials, and enhanced
the competitiveness of enterprises.

Factors with high centrality were characterized by a
high degree of correlation with other factors and therefore
need to be properly addressed. For example, D1 (green and
circular development is a national-level development
concept to practice social responsibility and achieve brand
influence) and D2 (the related laws require the imple-
mentation of EPR for some products) were the most im-
portant factors, showing the most correlation with other
items. To effectively realize the conversion of “waste tires
into treasure,” the state has given clear support at the
macrolevel. )is development is key to the establishment of
an ecological civilization, sustainable development, and
carbon emission reduction. )e introduction of supporting
legislation not only regulates the behavior of enterprises
but also points out the future direction for the development
of many enterprises. )us, it is very important to
strengthen the guiding role of legislative policies to ef-
fectively promote the reuse of waste tires in China. )e
implementation of an EPR system in China’s tire industry
is imminent. )is study quantified the driving factors for
the implementation of an EPR system in China’s tire in-
dustry through DEMATEL analysis, providing a basis for
decision-making by the government and industry.
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Table 6: Centrality and causality between various factors (R, C, R+C, R−C).

Driving factors R C R+C R−C
D1 3.8414 3.4303 7.2717 0.4111
D2 3.5627 3.3430 6.9057 0.2197
D3 2.9882 2.8450 5.8332 0.1432
D4 3.5434 3.1426 6.6860 0.4008
D5 2.6019 3.2187 5.8207 −0.6168
D6 2.8103 3.1032 5.9135 −0.2928
D7 2.0019 3.0454 5.0473 −1.0436
D8 2.3117 2.3153 4.6270 −0.0036
D9 2.7727 2.6036 5.3763 0.1691
D10 1.7573 2.2263 3.9837 −0.4690
D11 3.3415 3.1096 6.4511 0.2319
D12 2.7618 1.9117 4.6735 0.8500
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