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Abstract: Academics’ and practitioners’ interest in sustainable supply chain management has received
great concern in recent years. The application of biaxially-oriented polypropylene (BOPP) plastic film
has had a significant influence on the economic, environmental and social performance of supply
chain management. However, research on the integration of these three sustainable dimensions is
still rare in this field. In this paper, we identify sustainability criteria based on a triple bottom line
approach (economic benefit, environmental protection and social responsibility) from the supply
chain perspective, develop a hybrid multi-criteria decision making framework to evaluate the criteria
and select alternatives and apply the proposed approach to a real case study at a focal BOPP plastic
film company in China. In the framework, a fuzzy analytical hierarchy process (FAHP) is used
to determine the performance criteria weights and a fuzzy technique for order performance by
similarity to ideal solution (FTOPSIS) is applied to rank the alternatives. The case study finds that
the economic dimension was the most important aspect with environmental second and social third.
The results also verify the effectiveness of the proposed framework. This paper develops an effective
and systematic approach for decision makers to conduct evaluations and select optimal alternatives
for focal plastic film companies.

Keywords: biaxially-oriented polypropylene (BOPP) plastic film; performance measurement;
sustainable development; supply chain management (SCM); fuzzy AHP-TOPSIS

1. Introduction

The choice of packaging systems influences the economic, environmental and social performance
of a supply chain. Eighty percent of customer purchasing decisions for foodstuffs are made based on
the packaging [1]. It is estimated that up to 50% of food is wasted in developing countries before it
reaches retailers compared with 3% in developed countries, and packaging is thought to play a large
part in this waste [1,2]. Packaging reduces damage in the supply chain and increases the shelf-life of
products. The packaging industry market is huge. Since the reform and opening up, China’s packaging
industry has developed rapidly, with the total output value increasing from 280.6 billion yuan in 2003
to 1465.8 billion yuan in 2013, an annual compound growth rate of about 17.98%. In 2014, total output
value reached 1.48 trillion yuan, with China having become the world’s second largest packaging
country after the United States.

In 2011, world plastic production rose to approximately 280 million tonnes [3], of which 54.74 million
tonnes were produced in China. By 2015, Chinese plastic production had risen to 75.61 million tonnes,
an average annual growth rate of about 9.53%. The market share of end-use applications shows
that the largest segment in this growth area was the packaging sector, representing 39.4% of the
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overall demand [4]. In 2015, plastic film production was 13.14 million tonnes, a significant rise from
the 8.44 million tonnes in 2011 and an average annual growth rate of about 13.92%. Of these plastic
films, biaxially-oriented polypropylene (BOPP) film accounted for the largest proportion.

BOPP film is extensively used in the packaging industry and is known as the “Packaging Queen” [5].
The use of biopolymers represents one of the most promising strategies toward an optimized use
of conventional non-biodegradable petroleum-based plastic packaging materials due to both the
lower environmental impact and the improved technical performance [1,6,7]. BOPP film is the most
commonly-used capacitor dielectric for pulsed power applications because of its self-healing capability,
high breakdown strength, low dielectric loss and low dielectric absorption [7-9]. There are many types
of BOPP film products, including adhesive tapes, tobacco film, photo albums, food stuff packages,
book covers and other packaging [10]. During the past few decades, the world has experienced
a rapid increase in both the production and consumption of BOPP, with the global BOPP film demand
maintaining an average annual growth rate of about 7% since 2004. In 2014, BOPP global demand
reached 7.97 million tonnes and in 2015 rose to 11 million tonnes. China’s BOPP industry started
late, but has had rapid development, and China is now the world’s leading producer of BOPP film.
Production was 3.72 million tonnes in 2014 and 4.08 million tonnes in 2015, accounting for about 45% of
global production. In recent years, the continued expansion of BOPP production capacity has resulted
in serious market saturation in China. According to statistics, actual capacity utilization is around 75%,
after which the domestic market is in the state of excess capacity, and there is a serious surplus.
Supply and demand imbalance and unreasonable product structures have become the most important
reasons for a lack of BOPP industry development. Under this serious surplus situation, as well as the
fierce competition, increasingly more BOPP companies value a sustainable supply chain management
performance assessment for survival and development.

Sustainable development is commonly defined as “development that meets the needs of the
present without compromising the ability of future generations to meet their own needs” [11],
which has become a challenging and important task in the 21st Century world [12,13]. The best
recognized principle to operationalize sustainability in business has been the triple bottom line (TBL)
approach, which encompasses economic, environmental and social dimensions [14,15]. Sustainable
supply chain management has been of great interest to academics and corporations in the last
two decades due to the rising awareness of environmental protection and social well-being while
supporting economic organizational goals [16-20]. With economic globalization, negative events, such
as the capital ruptures in Wenzhou, the Chinese melamine milk contamination events and the Foxconn
working condition strikes, have had a significant impact on company survival and development.
These events reflect problems, such as unemployment, environmental contamination and inhumane
working conditions [16,21]. Due to these influences, following the introduction of the sustainability
concept, firms are increasingly endeavoring to integrate the economic, environmental and social
sustainability dimensions to achieve the triple bottom line [14,17,22,23].

Plastic film evaluation assessments have mainly focused on the environmental dimension [1,3,24-26],
with some assessments including two dimensions; for example, Palsson et al. emphasized both
environmental and economical functions [27,28], while Pires et al. [29] considered environmental and
social dimensions. To date, only Zailani et al. [30] have evaluated social, environmental and economic
performances for the sustainable development of the country; however, no specific criteria were
defined for each dimension. The most popular evaluation method for plastic films has been the life
cycle assessment (LCA) methodology [3,25,26,28]. Unfortunately, as many assessments have only
focused on the product and few have considered supply chain management, it can be concluded that
there is a paucity of practical and all- encompassing plastic film assessment methods.

e A majority of sustainable assessment research papers has primarily dealt with one or two
dimensions, and very few have concurrently addressed all three aspects [12,16,31]. In plastic
film assessment, some research has considered the environmental dimension [1,3,24-26], some
has examined the environmental and economic dimensions [27,28] and some has included the
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environmental and social dimensions [29], but there has been limited research that has integrated
all three. The work in [30] considered economic, environmental and social dimensions, but failed
to identify any concrete criteria. Generally, a majority of past research has focused on economic
and environmental performance, completely ignoring the social dimension [12]. This may be
because the social dimension is the most difficult to assess as social indicators are difficult to
quantify and are often prone to subjectivity [32].

Plastic film assessment methods usually involve a single evaluation, the most common of which
has been the LCA method [1,25,29]. While the life cycle assessment approach is a popular
technique for addressing the environmental aspects of supply chains, implementation is not
always possible because of the complex and time-consuming process [31,33]. Integrated hybrid
fuzzy multi-criteria decision making (MCDM) methods and fuzzy individual AHP have also
been popular methods [34]; however, fuzzy MCDM methods have seldom been used in plastic
film assessment, as this method has been considered more suitable to sustainable evaluation
systems [12,32,34].

Few sustainability criteria systems that concurrently consider the economic, environmental
and social dimensions have been developed for the plastic film supply chain [12,16,30]. In the
plastic film industry, the conventional indicators are insufficient for an accurate assessment of
the performance of sustainable supply chains, as they predominantly focus on environmental
issues [32].

Most industry evaluations have usually focused on the product and few have examined the overall
supply chain management [1,3,29]. However, to fully examine the sustainable development
of plastic films, an assessment from the supply chain perspective has become increasingly
important [16,32]. Therefore, it has become imperative to establish an assessment system for
sustainable supply chain management in the plastic film industry [12,22,23].

Therefore, considering the present Chinese BOPP industry situation, it is evident that there is

an urgent need to develop an appropriate framework to evaluate the sustainable performance of
BOPP plastic film supply chain management [16,22,23,35]. From a contemporary understanding of
sustainable SCM, performance measurement indicators, tools and management systems are an essential
and integral part of sustainable SCM [32]. With this in mind, the novelty of this paper is as follows.

A sustainability indicator system applicable to the plastic film supply chain is developed
that considers the economic, environmental and social dimensions from the supply chain
management perspective.

A fuzzy hybrid multi-criteria decision making framework is proposed to evaluate and select the
optimal solution for the plastic film supply chain. A fuzzy AHP is first used to prioritize the
criteria, and fuzzy TOPSIS is applied to rank the sustainability alternatives.

The proposed method is applied to a real case study at a focal BOPP plastic film company
in Chengdu. The results from this model could provide decision support for policy makers to
balance BOPP supply and demand, adjust the industry structure and promote regional sustainable
eco-environmental development in China.

The remainder of the paper is organized as follows. Section 2 gives a literature review on

sustainable performance assessment; Section 3 outlines the current status of the BOPP plastic film
industry in China; Section 4 proposes a sustainable assessment framework; Section 5 presents an
application example; and Section 6 concludes the study.

2. Literature Review

In this section, previous research on the sustainable dimensions of supply chain management and

evaluation methods and plastic films assessments are reviewed to identify the sustainable criteria and
methods to be used in our study.
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2.1. SCM Sustainability Dimensions

Most sustainable supply chain management (S5SCM) models have tended to only focus on either
economic or environmental aspects [16,22,23,36]; few have integrated two sustainability aspects, and very
few models have concurrently integrated three aspects [16]. In the following, we focus our review on
those papers that have included two or three supply chain management sustainability dimensions.

Chaabane et al. [37] presented a mixed-integer linear programming-based framework for
sustainable supply chain design and evaluated the tradeoffs between economic and environmental
objectives under various cost and operating strategies in the aluminum industry. Eskandarpour et al. [31]
proposed a literature review focused on optimization models and techniques on supply chain
network design problems integrating sustainable development factors. Chardine-Baumann and
Botta-Genoulaz [23] presented a framework for sustainable performance characterization and
assessment. Sardar et al. [38] proposed a sustainable outsourcing strategy for international markets
to reduce costs and cost reductions and increase capacity flexibility for domestic market outsourcing.
Bouherroub et al. [22] developed an integrated approach for transposing sustainable development
principles to supply chain modeling and applied it to a Canadian lumber industry case. In evaluating
and selecting sustainable suppliers, Sarkis and Dhavale [39] took a triple-bottom-line approach based
on a Bayesian framework and a Monte Carlo Markov Chain (MCMC) simulation to rank and select
suppliers using special selection objectives. Gopal and Thakkar [40] examined how sustainable
supply chain practices are relevant, and helped to improve industry supply chain performance
and found that social and environmental performances had a positive relationship with economic
performance. Shen [41] examined a current textile and clothing sustainable supply chain and applied
the findings to an H&M case study to assess human wellbeing, environmental wellbeing and economic
wellbeing from a Swedish perspective. You et al. [42] analyzed the Pareto frontier for the three
sustainability dimensions. Matos and Hall [36] assessed sustainable development by applying the life
cycle assessment (LCA) method to two case studies. Yusuf al. [43] studied the impact of sustainability
on the operational and business performance of U.K. oil and gas supply chains. Bjérnberg et al. [15]
investigated the sustainable key actors in a Swedish food supply chain and found that there was
a less explicit consensus between the companies. Berning and Venter [44] applied a related supplier
theory to decide on retailer progress in sustainable supply chain management. Varsei et al. [21]
presented a multidimensional framework that could be useful for research scholars and supply chain
practitioners in identifying and assessing various economic, environmental and social performance
indicators. Varsei and Polyakovskiy [33] investigated a wine supply chain and proposed a generic model
for sustainable wine supply chain network design that encompassed economic, environmental and
social objectives. Balfagih et al. found that performance measurement in supply chain management
was a fruitful research field [32,45]. The sustainability dimensions are shown in Table 1.

As mentioned above, to the best of our knowledge, the only previous research that has referred
to supply chain management assessment has been [21,23,36,39]; all other papers have tended to
concentrate on supply chain design or planning. The first purpose of this paper is to define the
sustainability assessment dimensions for the BOPP plastic film supply chain. In this paper, through
a comprehensive research analysis, three concurrent sustainability dimensions have been identified;
economic benefit, environmental protection and social wellbeing.
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Table 1. Supply chain sustainability dimensions and indicators.

References Types Dimensions Indicators
h 1. . E i Total ly chai
Chaabane et a Design conomic otal supply chain cost
(2012) [37] Environmental =~ GHG emissions
Eskandarpour et al. Review Environmental =~ GHG emissions, waste, energy use, material recovery, others
(2015) [31] Social Work conditions, societal commitment, customer issues
Boukherroub et al. Planning Economic Reliability, responsiveness, flexibility, financial performance, quality
(2015) [22] Environmental =~ Resources consumption, climate change, pollution, hazardous material
Social Health and safety, job creation and wealth, work conditions
Economic Reliability, responsiveness, flexibility, financial performance, quality
Chardine-Baumann and . -
Assessment Environmental Environmental management, use of resources, pollution, dangerousness,
Botta-Genoulaz (2014) [23] natural environment
Social Work conditions, human rights, societal commitment, customers issues,
business practices
. Cost variance from expected, standard or contracted cost; quality of the
Economic . . P
products or services purchased; on-time order deliveries
Sarkis and Dhavale Suppl‘ler . Supplier’s energy efficiency; penalties related to environmental violations;
(2015) [39] selection Environmental R .
use of environmental and pollution control technology
Social Philanthropic contributions, responsibility to the community; employee

turnover rate

Organizational: complementary assets (access to capital, market, internal
Economic expertise, economies of scale), firm competencies, capabilities intellectual,
property protection, other appropriability mechanisms

Matos and Hall (2007) [36] Assessment Air emissions, water discharge quality, energy consumption, water use,

Environmental waste management, land disturbance and reclamation diversity

Jobs created, knowledge enhances/transferred to local communities,
. health and safety, health and safety of local communities, equal opportunities

Social . . . P
and diversity, potential negative side effect on or from secondary,
stakeholders, stakeholders engagement satisfaction

Economic Total supply chain cost, biofuel selling incentive and byproduct credit

You etal. (2012) [42] Design Environmental  Total annual CO; equivalent emissions
Social Accrued local jobs (full-time equivalent for a year)
Economic Total supply chain cost

Varsei and Polyakovskiy Design
(2016) [33]

Environmental ~GHG emissions

Social Unemployment, regional GDP

Economic Total supply chain cost, service level

GHG emissions, water usage, energy consumption, waste generation,

Varsei et al. (2014) [21] Review Environmental the use of hazardous and toxic substances

Social Labor practices and decent work, human rights, society, product responsibility

2.2. Review of Evaluation Methods

Performance measurement methods that consider multiple sustainability performance criteria
encompass multiple dimensions [22]. There have been some notable contributions to the evaluation
field. Seuring [12] divided sustainability models into four categories: life-cycle assessment (LCA)-based
models, equilibrium models, multi-criteria decision making (MCDM) and analytical hierarchy process
(AHP) applications. Mardani et al. [34] grouped research into four areas: engineering, management
and business, science and technology; and after analysis found that hybrid fuzzy integrated and fuzzy
MCDM methods were the first and second most commonly-used methods.

In the real world, there are many problems that need to deal with vague, imprecise and uncertain
information [46], making it difficult to provide numerically-precise information [47]. The use of
linguistic modeling in problems dealing with non-probabilistic uncertainty has proven to be logical
and has produced successful results in different fields, with the vagueness and uncertainty being
handled using fuzzy set theory [34].

Multiple criteria decision-making research has developed rapidly and has become a main research
area for dealing with complex decision problems [46]. One of the most outstanding MCDM approaches
has been the fuzzy AHP, which is able to handle linguistic variables from the uncertain imprecise
judgments of experts [34]. Fuzzy AHP has been extensively used as a useful multi-criteria decision
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making tool or a weight estimation technique in diverse applications [12,46]. Recently, the use of
fuzzy AHP has been extended to multi-criteria decision problems in a few other fields. Abdullah and
Zulkifli [46] proposed a hybrid fuzzy AHP method and an interval Type-2 fuzzy Decision Making Trial
and Evaluation Laboratory (DEMATEL) for human resource management. Ng [48] applied a fuzzy
AHP method to evaluate the environmental performance of design alternatives. Kilincci and Onal [49]
applied FAHP to a supplier selection problem in a washing machine company. Chen et al. [50] used
FAHP to evaluate teaching performances, and Patil and Kant [51] proposed an FAHP approach for
knowledge management.

Fuzzy TOPSIS is another MCDM method that has been widely used to solve problems in a fuzzy
environment [47]. Fuzzy TOPSIS is based on the concept that the chosen alternative should be closest
to the positive ideal solution (PIS) and the furthest from the negative ideal solution (NIS) [47,52,53].
Fuzzy TOPSIS methods are very suitable for solving real-life application problems under a fuzzy
environment [51,53]. Cavallaro et al. [52] applied fuzzy TOPSIS to evaluate combined heat and power
systems. Zyoud et al. [53] proposed a fuzzy AHP-TOPSIS framework for water loss management
in developing countries. Lima-Junior and Carpinetti [54] used fuzzy TOPSIS for supplier evaluation
and management. Kusi-Sarpong et al. [55] used a joint rough sets and fuzzy TOPSIS methodology to
evaluate green supply chain practices in the mining industry. Additionally, Patil and Kant ranked the
solutions for knowledge management adoption in a supply chain to overcome barriers [51].

Hybrid fuzzy integrated and fuzzy MCDM methods have been found to be the first and second
most popular methods [34]. The hybrid FAHP-TOPSIS method as an FMCDM approach has been
widely used in management and business [34,51,53]. The second purpose of this paper is to develop
a framework to evaluate the performance of the plastic film supply chain, for which the hybrid
FAHP-TOPSIS is employed.

2.3. Review of Plastic Film Assessment Research

While significant research has been done on plastic film, most has focused on the environmental
assessment of the products. Jasch [25] applied an LCA methodology to evaluate the damage arising
from the life cycle of a bi-layer film bag for food packaging from an environmental perspective.
Leceta et al. [26] conducted an environmental assessment of bio-based films based on agro-industrial
byproducts and marine residues in an effort to add value to these wastes. Barlow and Morgan [1]
focused on packaging in the meat and cheese industry and analyzed the impact of films and bags
and the influence of packaging on the levels of waste and energy consumption elsewhere in the
system. Toniolo et al. [3] focused on the environmental advantages of two recycled plastic packages,
one recyclable after use and one not, using the LCA approach. The results indicated that the choice
of a comparative LCA application was an effective method for investigating the extent to which
an innovative recyclable package was environmentally preferable to an alternative non-recyclable
package. Martinho et al. [24] focused on increasing packaging sustainability through the use
of eco-design tools and examined the factors that influenced consumer product purchasing and
recycling behavior with respect to sustainable packaging. The sustainable variable was environmental
awareness, which included purchase and disposal actions. Some assessments have focused on
two dimensions, such as economic and environmental dimensions or environmental and social
dimensions. Pélsson et al. [27] developed an evaluation model for the selection of packaging systems
in supply chains from a sustainability perspective. Environmental calculations were based on carbon
emissions, and economic calculations were based on costs. Gronman et al. [28] presented a systematic
framework for sustainable food packaging design using SWOT analysis and used the LCA method
to evaluate the environmental and economic functions. Pires et al. [29] considered sustainability
criteria, which were aggregated using a multi-criteria decision making method on two dimensions:
environmental aspects related to life cycle assessment and social aspects related to the environmental
information on the packaging. There has to date been little research focused on all three dimensions.
Zailani et al. [30] carried out a cross-sectional survey in 700 companies and found that eco-efficiency
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practices had a direct influence on the adoption of sustainable packaging and therefore affected the
sustainable supply chain performance of the firm; however, no specific plastic film indicators were
identified. The evaluation dimensions and indicators for plastic films are shown in Table 2.

To the best of our knowledge, there has been little research that has integrated the triple bottom line
approach for plastic films supply chain management sustainability evaluations, and there have been
few assessments on BOPP plastic film supply management. From this, therefore, it can be concluded
that, at present, there is insufficient integration and maturity in the plastic film field [16,22,23]
as there is no fully-integrated evaluation framework for the plastic film industry in line with the TBL
approach. This paper seeks to enrich these contributions by developing a framework for a sustainable
performance assessment of the BOPP plastic film supply chain in China. The framework is developed
and reinforced by the simultaneous assessment concept of the TBL sustainability dimensions. The third
purpose of this paper is to identify specific sustainability criteria for BOPP plastic film supply chain
management, for which the above-mentioned research can offer a useful reference. It is evident that
such sustainability dimensions, assessment methods and performance measurement indicators are
a significant and integral part of sustainable plastic film supply chain management.

Table 2. Plastic films assessment dimensions and indicators.

References Dimensions Indicators

Barlow and Morgan

(2013) [1] Environmental ~Waste, energy consumption

Air and water emissions: climate change, ozone depletion,
human toxicity, photochemical oxidant formation, particulate
matter formation, ionizing radiation, terrestrial acidification,
fresh water eutrophication, marine eutrophication, terrestrial
ecotoxicity, freshwater ecotoxicity, agricultural land occupation,
urban land occupation, natural land transformation, water
depletion, metal depletion, fossil depletion

Toniolo et al. (2013) [3] Environmental

Gronman et al.

(2013) [28] Environmental Climate change, waste amounts, material use

Carcinogens, resp.organics, resp. inorganics, climate change,
Environmental radiation, ozone layer, ecotoxicity, acidif./eutrophic., land use,
minerals, fossil fuels

Leceta et al.
(2014) [26]

Siracusa et al.

(2014) [25] Environmental ~CO,-emissions and fossil fuel consumption

Palsson et al. Economic Total supply chain cost

(2013) [27] Environmental CO;-emissions

Abiotic depletion, acidification, eutrophication, global warming,
Environmental —human toxicity, photochemical oxidation, incorporation of

Pires et al. (2015) [29] recycled material

Recycling bin symbol, recycled material content information,

Socia carbon footprint information, trash bin symbol, information absence

3. Current Status of BOPP Industry in China

Currently, China is the second largest economy in the world with an annual growth rate of about 7%.
This economic growth has been placing massive demand on the packaging industry. Until 2015,
there were about 110 BOPP film production companies and 230 production lines in China, with
a total capacity of 5.16 million tonnes and a total output of 3.85 million tonnes. However, regardless
of this growth, the current industrial concentration is too low. As can be seen in Table 3, the BOPP
has experienced rapid development in recent years. Since 2004, China’s BOPP industrial capacity and
production have had steady growth, with an annual growth rate of more than 10%. Total production
capacity has increased by nearly two times from 1.93 million tonnes to 5.16 million tonnes.
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However, demand has not kept up with supply, which has caused serious problems for specific
companies. Oversupply has resulted in closures, bankruptcies and company restructuring. At this
time, BOPP enterprises are facing a severe test.

BOPP development has been uneven and has had prominent structural contradictions. In recent
years, new production lines have been mainly for flat film production; however, functional film
supply is unable to meet market demand. Therefore, there is overcapacity in some areas because
of an irrational product structure, and these serious structural issues are expected to continue if the
current product status remains the same. Seventy percent of domestic demand for BOPP film in 2011
was for flat film, 6% for pearl film, 5% for cigarette packaging film, 9% for capacitor film and 10%
for all others (Figure 1). However, flat film demand has been gradually decreasing, and demand for
functional film has been increasing year on year due to market changes. According to data from 2015,
market flat film demand was about 60%, a decrease of 10% compared to 2011.

Table 3. BOPP production and capacity chart in China (Ttt, ten thousand tonnes).

Annual Production Annual Capacity Annual Production Annual Capacity Capacity Utilization

Year (Ttt) (Ttt) Growth Rate (%)  Growth Rate (%) (%)

2004 130 193 67.36%
2005 166 195 27.69% 1.04% 85.13%
2006 169 200 1.81% 2.56% 84.50%
2007 185 207 9.47% 3.50% 89.37%
2008 196 232 5.95% 12.08% 84.48%
2009 21 268 12.76% 15.52% 82.46%
2010 255 304 15.38% 13.43% 83.88%
2011 270 361 5.88% 18.75% 74.79%
2012 308 399 14.07% 10.53% 77.19%
2013 331 450 7.47% 12.78% 73.56%
2014 372 493 11.78% 9.33% 75.20%
2015 385 516 3.49% 4.67% 74.61%

Capacitor
others 10% film 9% Cigarrette

packing film 5%

pearlized
film 6%

Figure 1. BOPP consumption structure.

BOPP capacity is widely distributed in China, but is extremely uneven with large regional
disparities. The economies of East China and South China are relatively developed with significant
flexible packaging demand. Therefore, the numbers and capacities of BOPP packaging film
manufacturing companies are much greater than in the Southwest or Northwest, in which there are no
BOPP plants. As shown in Figure 2, BOPP packaging film capacity distribution is mainly concentrated
in East China (Shanghai, Zhejiang, Anhui, Jiangsu, Shandong, Fujian and other provinces) and South
China (Guangdong, Hainan and other provinces and regions). As the film industry development
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speed in the northeast, north and southwest is increasing and because of cost increases in South China
and the Jiangsu and Zhejiang areas, the industry is expected to move to the north and west. Another
major factor behind this expected move is the Chinese regional industrial support policy. There are no
BOPP plastic film production lines in the northwest (Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang).
However, the demand for BOPP plastic film in this area has increased year on year. In particular,
border exchanges with Central Asia (Kazakhstan and other countries and regions) are increasing with
exports of BOPP from Xinjiang increasing annually. Northwest BOPP films are mainly purchased from
the southwest (Chengdu and Chonggqing), as well as from the South China and East China regions.
Therefore, there is significant space for BOPP development in the western region of China.

Central China 2% Southwest 6% _ Northwest 0%

North China 6%

Northeast 6%

South China 23%
Figure 2. BOPP packaging film production distribution area in 2015.

4. The Proposed Framework for Sustainable Performance Assessment

There has been little research into identifying the criteria and prioritizing and ranking the
alternatives to develop a sustainability assessment framework for the BOPP film supply chain for
Chinese companies. There are many situations where only vague, imprecise and uncertain information
is available, so it has been difficult to provide numerically-precise information. MCDM has proven to
be a powerful widely-used tool for problems with multiple and often conflicting criteria [16,34]. In this
paper, fuzzy AHP is used to determine the sustainability weights for the performance criteria, and
fuzzy TOPSIS is applied to rank the sustainable alternatives.

4.1. The Sustainable Framework

A three-phase methodology has been applied to evaluate the criteria and select the sustainable
alternatives for the BOPP industry (Figure 3).

Phase 1: Identification of sustainable criteria based on a literature review and expert opinion.

Phase 2: Using a fuzzy AHP approach to prioritize the criteria, develop a decision-support
framework for an integrated sustainability evaluation of the BOPP plastic film supply chain in which
the economic, environmental and social dimensions are integrated to assist decision makers with
incorporating varying sustainability criteria preferences, so as to identify the most sustainable options.

Phase 3: Using a fuzzy TOPSIS method, the alternatives related to the BOPP film industry
sustainability assessment are ranked to improve efficiency and effectiveness in the sector.
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Phase 1
Alternatives and
criteria

— ;

Phase 2
Fuzzy AHP

_> Check consistency

Phase 3
Fuzzy TOPSIS

Literat ) Expert opinions
fterature rewiew (professors and industrial practitioners)

|
] v

4>| Determine sustainable criteria | | Determine sustainable alternatives |<~

A

| Construct decison hierachy |

Approve
hierarchy?

Define scale of relative importance

v

Construct fuzzy pairwise comparison
matrix

v

Evaluate fuzzy weights

v

Cl

acceptable
?

No

Compute the overall weights of criteria

Determine the ratings of the alternatives

v

Get the aggregated fuzzy ratings of
alternatives

v

Construct the fuzzy decision matrix

v

Calculate the normalized fuzzy dexision
matrix

- Construct the weighted normalized matrix

v

Compute the distance of each alternative from the
FPIS and FNIS

L]

Calculate the relative closeness to ideal
solution

v

Rank the alternatives
(find the best solution for BOPP supply chain)

Figure 3. Research methodology phases.

10 of 23
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4.2. Sustainability Criteria Identification

Sustainable supply chain management is one of the key measures for the modern management
emphasis on sustainable development [22]. TBL theory usually distinguishes three dimensions for
supply chain sustainability assessments: economic performance, environmental protection and social
responsibility [23,35]. Inspired by previous research and expert opinion, the suggested model here has
fourteen criteria across the three dimensions, with five each for the economic and social dimensions
and four for the environmental dimension, as shown in Figure 4.

Sustainable performances
Level 1: Goal

Level 2: Criteria 3 Economic Environmental

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Level 3: Sub-criteria !

Level 4: Alternatives

Figure 4. Hierarchical structure of sustainable performances based on the triple bottom line
(TBL) approach.

4.2.1. Economic Dimension

Although there have been many tools developed to assess SCM practices, the five metrics of
the supply chain operations reference model (SCOR) have often been used to evaluate economic
performance [20,22,23,56]. Approximately 800 companies around the world have verified the model’s
reference value [23,56]. As economic performance is a measure of the success of business activities,
it can severely impact the BOPP supply chain. Research on SC economic performance measurements
has usually included five indicators: reliability, responsiveness, flexibility, financial performance and
quality [22,23,56].

Reliability refers to the delivery performance in the plastic film supply chain; that is, putting the
correct product in the correct place at the correct time in the correct condition and with the correct
quality packaging and the correct documentation to the correct customer [56,57].

Supply chain responsiveness is defined as the speed at which the plastic film supply chain supplies
products to the customer [56]. From the perspective of the BOPP film supply chain, responsiveness
refers to the efficiency of material flows, information flows and financial flows from the point-of-origin
to the point-of-consumption [31].

Flexibility is the ability of the supply chain to respond to marketplace changes or to gain or
maintain competitive advantage [56]. In the study, flexibility means that the BOPP plastic film supply
chain must constantly evolve and improve as times and conditions change [57].
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Financial performance is a broad term that includes the costs and asset management in SCM,
such as design costs, purchase costs, source costs, production costs, delivery costs, return costs, supply
chain costs, cost variances from expected, standard or contracted costs and complementary assets,
as well as return on investment [23,36,39,56,57].

Quality is an important aspect of the client-vendor relationship [23,39,56]. Inferior quality affects
the focal company’s financial performance, as well as its reputation [39]. In the BOPP film industry,
quality is measured as product quality and service quality.

4.2.2. Environmental Dimension

Environmental assessment judges the environmental consciousness of the supply chain [39];
however, there is no consensus as to what the environmental and social performances should be,
as this depends on the industrial sector and the region or the country in which the operations are
located [22]. Several international standards, such as the OECD guidelines (Organization for Economic
Co-operation and Development) [58], ISO 26000 [59], ISO 14001 [60], SA 8000 (Social Accountability
8000 International Standard) [61], GRI (Global Reporting Initiative) [62], the SCOR reference model [56]
and scientific works, have proposed more or less generic criteria that could be adapted, but these
standards do not encompass all sustainable development fields. In this paper, four environmental fields
in the BOPP film supply chain management are isolated: energy consumption, carbon emissions, waste
management and environmental management systems (EMS).

Energy consumption is one of the most used indicators in the environmental dimension [1,20,21,25].
In the BOPP film industry, energy consumption usually refers to the electricity, natural gas and energy
sources used in the production and the distribution stages.

As climate change has now been recognized as a serious concern for modern society [17,28],
carbon emissions’ reduction has become an urgent global issue in the last decade to mitigate climate
change [27,33,37,42]. In the BOPP film industry, there are concerns about greenhouse gas emissions
from the production and logistics stages.

Waste management is often representative of industrial development [21,31]. In the BOPP film
industry, waste management usually refers to product abandonment in landfills, product recycling
into raw materials and product reuse, returns or re-manufacturing for further consumption [17].

The environmental management system is a practical decision-support tool designed to assist
organizations achieve better environmental performance, ensure continual improvements and prevent
adverse environmental impacts [32,60]. In the BOPP plastic film industry, the EMS includes aspects
such as the establishment of an environmental budget, environmental certification, environmental
compliance and environmental evaluations [23].

4.2.3. Social Dimension

Social responsibility is a global indicator used to assess a company’s social performance. It assesses
the social consequences of the company’s activity on its stakeholders [23]. Sustainable operations need
a sustainable workforce and community. A socially-responsible supply chain attempts to improve
the community within which it operates and ensures wellbeing for its employees and customers [39].
In this paper, we measure this dimension across five criteria: employment, health and safety, work
conditions, societal commitment and customer issues.

Employment (or job creation and wealth) is the most important social criteria [37,62]. Companies seek
to improve standards of living by providing full and stable employment [22,23,36]. The number of
positions created in the supply chain and total employee turnover are used as social indicators in
this study.

Health and safety evaluate the impact of a practice or product on employee and customer health
and safety [23,31,36]. The aim is to promote and maintain the highest degree of physical, mental
and social wellbeing for employees and customers to prevent occupational accidents and to ensure
customers are not harmed by poor quality products.
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Working conditions encompass many areas related to employee satisfaction; salaries and other
compensation, work time, rest periods, vacations, human resource development, disciplinary practices,
dismissals and maternity issues [23,37,62].

Societal commitment refers to the social responsibility the company shows towards the local
community and stakeholders [39] and encompasses improvements in education, culture, healthcare
and technological development, as well as contributions to societal investment [23,36,58].

Customer issues refer to all issues that individually affect each customer [31]. They are mainly
focused on consumer healthcare and security, the protection of customer data and privacy, the provision
of marketing and information to consumers and the offer of other essential services [23,36,58,59].

4.3. Methodology

To achieve the aim of this research, a fuzzy AHP-TOPSIS was used to first determine the relative
priority of the BOPP sustainability evaluation criteria and then rank the sustainable alternatives for
the BOPP film industry. In plastic film supply chain management, as decision making problems are
generally vague and uncertain, fuzzy set theory can be used [34]. The sustainability dimensions and
sub-criteria system have a hierarchical structure, meaning that both the importance weights for the
dimensions and the sub-criteria can be determined using the AHP method [46,53]. As the expert
preferences are described using linguistic judgments or variables, fuzzy set theory can be applied to
address the inherent uncertainty in the preferences. Therefore, a FAHP method that integrates the
AHP method and fuzzy sets is selected here to determine the criteria weights.

TOPSIS is another MCDM method, which is based on the chosen alternative being closest to the
positive ideal solution and farthest from the negative ideal solution [47,52,53]. In the classical TOPSIS
approach, personal judgments are represented using crisp values; in reality, however, measurements
using crisp values are not always possible. A better approach may be linguistic values rather than crisp
values, for which fuzzy set theory can be used. For this reason, the fuzzy TOPSIS method is suitable
for solving real-life application problems under a fuzzy environment [51,53]. Using this technique, the
options are evaluated with respect to a set of criteria as the linguistic experts” opinions are subjective,
vague and imprecise in nature [54]. Therefore, fuzzy TOPSIS is suitable for the BOPP plastic film
assessment, which is used to rank the sustainable alternatives. Details of this fuzzy AHP-TOPSIS
technique are given in the subsequent subsection.

4.3.1. Fuzzy AHP

AHP is a quantitative technique introduced by Satty [63] that gives structure to multi-criteria
decision making solutions. Fuzzy AHP methods combine AHP with fuzzy set theory to solve
hierarchical fuzzy problems and are able to handle linguistic variables to include expert uncertain
imprecise judgments. Recently, fuzzy AHP has been widely used to solve multi-criteria decision
problems in other fields, such as human resource management, supplier selection and performance
evaluation [48,49,52]. For the sustainable assessment in this paper, a proposed fuzzy AHP approach
was developed as outlined below.

(1) Construct the criteria system and the hierarchical model. The dimensions and criteria were used
to establish the criteria system, from which the AHP hierarchical model was structured.

(2) Apply the fuzzy concepts. As decision making is very difficult in vague and uncertain environments,
fuzzy set theory was used to handle this information.

(3) Develop a fuzzy pairwise comparison matrix. The fuzzy scales of relative importance are given in
Table 4.

(4) Analyze the importance weights of the indicators. To determine the indicator importance
weights, the fuzzy assessment matrix was analyzed and the entries converted into crisp values.
However, for this operation, some appropriate calculation procedures were required. The details
of the fuzzy set and the essential calculations for the extent analysis method are given in [51,63].
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Table 4. Scale of relative importance used in the pairwise comparison matrix.

Intensity of Important Linguistic Variables Membership Function
1 Equally important/preferred (1,1,1)
3 Between 1 and 3 (1,2,3)
3 Weakly important/preferred (2,34
4 Between 3 and 5 (3/4,5)
5 More important/preferred (4,5,6)
6 Between 5 and 7 (5,6,7)
7 Significantly more important/preferred (6,7,8)
8 Between 7 and 9 (7,8,9)
9 The most important/preferred (8,9,10)

4.3.2. Fuzzy TOPSIS

TOPSIS is based on the concept that the chosen alternative should be closest to the positive
ideal solution (PIS) and furthest from the negative ideal solution (NIS). Fuzzy set theory can be used
to present linguistic values. Therefore, the fuzzy TOPSIS method is suitable for solving real-life
application problems under a fuzzy environment [47].

The details of the essential calculations for the fuzzy TOPSIS extent analysis method are as
described by Chen et al. [47,51].

5. Application Example

Based on the hybrid framework presented above, we give an example in this section for the
evaluation and selection of sustainable supply chain performances in one of the largest and the
most competitive BOPP plastic film companies in western China. The company is located in
Sichuan Province, a province that has significant room for future BOPP development. The company
products fall into two main categories: flat film and cigarette packaging film. Flat film is usually
used for food, beverage and other packaging and accounts for 69% of the total income. Cigarette film
is mainly supplied to tobacco factories and accounts for 31% of company income, but is the most
profitable product. In recent years, due to pressure from customers, the government, non-government
organizations (NGOs) and the increasingly intense global competition [12,22,23,31], sustainable
development has been playing an increasingly important role in the BOPP plastic film supply chain.
Faced with issues such as imbalanced supply and demand, irrational structures, unbalanced regional
development, environmental protection and social wellbeing, the company needed a solid strategic
approach to fully understand the criteria and the alternatives to achieve a sustainable effective BOPP
supply chain in China. For this reason, this paper developed a decision-support framework to evaluate
sustainability in the BOPP supply chain in a Chinese context, which could assist in both identifying and
prioritizing the sustainability criteria and alternatives associated with the BOPP industry and improve
efficiency and effectiveness through an integrated consideration of the economic, environmental and
social dimensions.

5.1. Identification of Sustainable Performances and Feasible SCM Alternatives

In the first phase, to analyze the problem, a decision group of twelve experts was formed. There were
two senior managers, three academicians, three senior SC member executives, two environment and
forest ministry members and two customers. All experts were highly skilled in their respective domains
and were proficient in decision making. In this study, fourteen sustainability performance sub-criteria
based on the TBL approach were identified from the literature review and intensive discussions with
the decision group members.

A four-level decision hierarchical structure was used in this research. Sustainable performance
assessment was the objective on the first hierarchical level; the triple bottom line made up of the
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economic, environmental and social dimensions was on the second level; the fourteen sub-criteria
were on the third level; and the sustainable alternatives were on the fourth level (Figure 4).

5.2. Determining Sustainable Performance Weights Using Fuzzy AHP

In this step, using linguistic variables, the expert panel was asked to make pairwise comparisons
for the three TBL dimensions and the fourteen criteria using Table 4. The synthetic pairwise comparison
matrix elements were then calculated using the geometric mean method:

djj = (ﬁ}j ® d?j X .. ® ﬁiljz), for dimension d;, as an example:

12

((2,3,4)®(57,9) ®..®(1,1,1))

(295®..01)%,(387%..01)
(2.6321,3.3133,3.9785)

1

1 1

12/(4@9@1)12)

Other matrix elements were determined using the same calculation process, from which the
synthetic pairwise comparison matrix of the dimensions was developed, as shown in Table 5.

Table 5. Fuzzy pairwise comparison matrix of the dimensions.

Dimension Economic Environmental Social
Eco (1,1,1) (2.6321,3.3133,3.9785)  (2.3324,2.9299,3.5940)
Env (0.2513,0.3018,0.3799) (1,1,1) (1.3480,1.8450,2.4126)
Soc (0.2340,0.2842,0.3605)  (0.4391,0.5420,0.7002) (1,1,1)
Weight (0.6111,0.6109,0.6022)  (0.2326,0.2356,0.2410)  (0.1563,0.1535,0.1568)
MSw 0.6081 0.2364 0.1555

(1) To compute the fuzzy dimension weights, the calculation processes were as follows:

_ . ~ _o\1
f1 = (1 ® d1p ® d13)3

= (1®2.6321 ®2.3324)3, (1 ® 3.3133 ® 2.9299) 5, (1 ® 3.9785 ® 3.5940) 3 )

= (1.8311,2.1332,2.4272)

Similarly, the remaining 7; for the other dimensions were calculated:

(0.6971,0.8227,0.9714)
(0.4684,0.5361,0.6320)

The weight of each dimension was obtained using @; = 7;/ Y/ ; 7; as follows:

8
I

S
N
|

(0.6111,0.6109, 0.6022)
(0.2326,0.2356,0.2410)
(0.1563,0.1535,0.1568)

(2) The fuzzy mean and spread method was adopted to defuzzify and rank the fuzzy numbers:

MSw;
MSa@,
MSw,
MS@s,

(lw; + mw; + uw;)/3
0.6081
0.2364
0.1555

Using the same method, the fuzzy comparison matrices for the economic, environmental and
social criteria were determined, as shown in Tables 6-8.
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The results obtained from the calculation based on the pairwise comparison matrices provided in
Tables 5-8 are presented in Table 9.

Table 6. Fuzzy pairwise comparison matrix for the economic criteria.

Ecol Eco2 Eco3 Eco4 Eco5
Ecol (1,1,1) (2.2134,2.9658,2.9658)  (1.8942,2.4521,3.1665)  (0.9902,1.2165,1.5131)  (0.0156,0.0735,0.2778)
Eco2 (0.2686,0.3372,0.4518) (1,1,1) (0.5034,0.6487,0.8538)  (0.0009,0.0067,0.0546)  (0.0001,0.0006,0.0096)
Eco3 (0.3885,0.5111,0.6652)  (1.1997,1.5945,2.1048) (1,1,1) (0.0062,0.0437,0.2376)  (0.5620,0.6969,0.8613)
Eco4 (0.5071,0.6286,0.7749)  (1.0720,1.3099,1.5874)  (1.1828,1.4678,1.8568) (1,1,1) (0.8909,1.0757,1.2836)
Eco5  (1.1126,1.2431,1.4142)  (1.6893,2.14932.5864)  (1.1610,1.4350,1.7795)  (0.7791,0.9296,1.1225) 1,11
Weight  (0.2005,0.2414,0.2718)  (0.0086,0.0163,0.0360)  (0.0957,0.1257,0.1537)  (0.3099,0.2773,0.2447)  (0.3853,0.3393,0.2938)
MSw 0.2379 0.0203 0.125 0.2773 0.3395
Table 7. Fuzzy pairwise comparison matrix for the environmental criteria.
Envl Env2 Env3 Env4
Envl (1,1,1) (2.1726,2.8107,3.5445)  (2.5205,3.1249,3.7563)  (1.8250,2.4521,3.1441)
Env2 (0.2821,0.3558,0.4603) (1,1,1) (1.2537,1.6234,2.0656)  (1.3480,1.6293,1.9310)
Env3 (0.2662,0.3200,0.3967)  (0.4841,0.6160,0.7977) (1,1,1) (1.3814,1.7822,2.2758)
Env4 (0.3181,0.4078,0.5479)  (0.6158,0.7371,0.8822)  (0.4394,0.5611,0.7239) (1,1,1)
Weight  (0.4679,0.4735,0.4712)  (0.2187,0.2165,0.2156)  (0.1709,0.1692,0.1707)  (0.1425,0.1408,0.1425)
MSw 0.4709 0.2169 0.1703 0.1419
Table 8. Fuzzy pairwise comparison matrix for the social criteria.
Socl Soc2 Soc3 Soc4 Soc5
Socl (LL1) (1.2288,1.5567,2.0349)  (2.2134,2.8240,3.4947)  (1.2460,1.6293,2.1889)  (2.6925,3.4040,4.0793)
Soc2 (0.5207,0.6645,0.8335) (1,1,1) (2.2671,3.1806,4.0395)  (1.1740,1.7203,2.3324)  (1.4983,2.0584,2.5891)
Soc3 (0.2862,0.3541,0.4518)  (0.2476,0.3144,0.4411) (1,1,1) (0.9720,1.2962,1.7303)  (1.8430,2.4896,3.1889)
Soc4 (0.0004,0.0125,0.2545)  (0.4287,0.5813,0.8518)  (0.5779,0.7715,1.0288) (1,1,1) (1.1497,1.5603,2.0266)
Soc5 (0.2451,0.2938,0.3714)  (0.3862,0.4858,0.6674)  (0.3136,0.4017,0.5426)  (0.4934,0.6409,0.8698) (1,1,1)
Weight  (0.3920,0.3708,0.3453)  (0.2915,0.2928,0.2749)  (0.1667,0.1595,0.1534)  (0.0415,0.0759,0.1284)  (0.1082,0.1011,0.0980)
MSw 0.3694 0.2864 0.1599 0.0819 0.1024
Table 9. Final priority for the SCM sustainable performances.
Dimension Dimension Weight CR Criteria Relative Weight Relative Rank  Global Weight Global Rank
Ecol 0.2379 3 0.1447 3
Eco2 0.0203 5 0.0123 14
Economical 0.6081 0.0049 Eco3 0.1250 4 0.0760 5
Eco4 0.2773 2 0.1686 2
Ecob 0.3395 1 0.2064 1
Env1 0.4709 1 0.1113 4
. Env2 0.2169 2 0.0513 7
Environmental 0.2364 0.0747 Env3 01703 3 0.0403 9
Env4 0.1419 4 0.0335 10
Socl 0.3694 1 0.0574 6
Soc2 0.2864 2 0.0445 8
Social 0.1555 0.0534 Soc3 0.1599 3 0.0249 11
Soc4 0.0819 5 0.0127 13
Soc5 0.1024 4 0.0159 12

The CR (Consistency Ratio) values for all matrices were less than 0.1; therefore, these matrices
were consistent. Quality was found to be of the highest importance in the order, followed by financial
assets.

5.3. Ranking Alternatives Using Fuzzy TOPSIS

It was assumed that all experts were of the same importance. The expert group was asked to
establish a fuzzy evaluation matrix using the linguistic terms shown in Table 10. Alternatives Al, A2,
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A3, A4 and A5 were solutions given by the Board of Directors office of the focal plastic film company.
The five alternatives were different because of the different numbers of upstream and downstream
enterprises. In this paper, we only considered a three-echelon supply chain, which included suppliers,
the focal company and the clients.

The fuzzy decision matrix for the alternatives was determined using &;; = = (JZ}] @ 3?12] D..d 3?11]2)
in Table 11. Using R = [Eﬂmxn, the fuzzy-decision matrix was normalized, as shown in Table 12.
The fuzzy weighted normalized decision matrix was determined using V= [ﬁij]mxn, i=1,2,..,m,
j=1,2,..,nin Table 13. The final evaluation and ranking of alternatives were then determined by
di = Yd(0;, 77]*), i=12,.,57j=12.,14,d; = Yd(5; 77]’), i=12.,5j=12.,14, and

_ 4
CCi = di+d;’

i=1,2,...,5, as shown in Table 14.

Table 10. Linguistic variables for the ratings.

Linguistic Variable = Fuzzy Number

Very poor (VP) 0,0,1)
Poor (P) 0,1,3)
Medium poor (MP) (1,3,5)
Fair (F) 3,5,7)
Medium good (MG) (5,7,9)
Good (G) (7,9,10)
Very good (VG) (9,10,10)

Table 11. Fuzzy decision matrix for the alternatives. Al, Alternative 1.

Al A2 A3 A4 A5
Ecol (6.4167,7.6667,8.4167) (6.5000,8.3333,9.4167) (4.8333,6.5833,8.0833)  (5.0833,6.5833,7.7500)  (4.0833,6.0000,7.8333)
Eco2  (5.3333,7.0000,8.3333) (5.2500,7.0000,8.3333)  (5.5000,7.5000,8.8333)  (4.2500,6.0833,7.7500)  (5.2500,6.5833,7.5833)
Eco3 (5.9167,7.6667,8.8333) (5.0833,6.8333,8.2500)  (4.0000,5.6667,7.2500)  (4.3333,5.8333,7.0833) (4.6667,5.8333,6.9167)
Eco4  (6.5000,8.0000,8.9167) (5.4167,7.1667,8.5000)  (5.8333,7.6667,8.9167)  (5.1667,6.7500,8.0000)  (6.2500,7.8333,8.9167)
Eco5  (6.7500,8.2500,9.0000)  (6.3333,8.1667,9.3333)  (5.0000,6.9167,8.5000)  (4.4167,6.0000,7.4167)  (5.8333,7.7500,9.0000)
Envl (6.4167,8.0000,9.0000) (6.2500,7.9167,8.9167) (4.9167,6.7500,8.2500)  (5.2500,7.0000,8.2500)  (5.2500,6.8333,8.0833)
Env2 (4.1667,5.8333,7.3333)  (4.0000,5.8333,7.5833)  (3.3333,5.0000,6.6667) (4.2500,6.1667,7.9167)  (3.2500,4.7500,6.3333)
Env3 (4.6667,6.1667,7.4167) (4.8333,6.5000,7.8333) (3.6667,5.5000,7.4167) (5.0000,6.9167,8.5000) (4.9167,6.2500,7.3333)
Envd  (4.7500,6.0000,7.0833)  (4.6667,6.5833,8.0833) (4.0000,5.7500,7.4167)  (5.5000,7.3333,8.7500)  (4.5833,6.5000,8.0000)
Socl  (5.2500,7.1667,8.5833)  (5.5833,7.0833,8.1667) (5.1667,6.9167,8.3333)  (3.5833,5.4167,7.1667)  (4.0000,5.4167,6.9167)
Soc2  (5.8333,7.6667,8.9167)  (6.2500,8.0000,9.1667)  (5.5000,7.4167,8.9167) (3.7500,5.6667,7.5000)  (5.5833,7.4167,8.6667)
Soc3  (6.5833,8.0000,8.8333)  (4.9167,6.5000,7.7500)  (4.7500,6.6667,8.1667)  (4.0000,5.9167,7.5833)  (6.3333,8.0000,9.2500)
Soc4  (7.5000,8.9167,9.5000)  (6.3333,8.0833,9.1667)  (4.6667,6.5000,8.0000) (5.3333,7.2500,8.7500)  (6.5000,8.2500,9.3333)
Soc5  (4.9167,6.5000,7.6667) (5.4167,7.0833,8.4167) (5.1667,6.9167,8.3333)  (4.7500,6.5000,8.0000)  (4.8333,6.4167,7.7500)
Table 12. Fuzzy normalized decision matrix.
Al A2 A3 A4 A5
Ecol (0.6814,0.8142,0.8939) (0.6903,0.8849,1.0000) (0.5133,0.6991,0.8584)  (0.5398,0.6991,0.8230)  (0.4336,0.6372,0.8319)
Eco2 (0.6038,0.7925,0.9434)  (0.5943,0.7925,0.9434)  (0.6226,0.0566,1.0000)  (0.4811,0.6887,0.8774)  (0.5943,0.7453,0.8585)
Eco3 (0.6698,0.8679,1.0000) (0.5755,0.7736,0.9340)  (0.4528,0.6415,0.8208)  (0.4906,0.6604,0.8019)  (0.5283,0.6604,0.7830)
Eco4 (0.7290,0.8972,1.0000) (0.6075,0.8037,0.9533)  (0.6542,0.8598,1.0000) (0.5794,0.7570,0.8972)  (0.7009,0.8785,1.0000)
Eco5 (0.7232,0.8839,0.9643) (0.6786,0.8750,1.0000)  (0.5357,0.7411,0.9107)  (0.4732,0.6429,0.7946)  (0.6250,0.8304,0.9643)
Envl (0.7130,0.8889,1.0000) (0.6944,0.8796,0.9907) (0.5463,0.7500,0.9167) (0.5833,0.7778,0.9167)  (0.5833,0.7593,0.8981)
Env2 (0.5263,0.7368,0.9263)  (0.5053,0.7368,0.9579)  (0.4314,0.6471,0.872)6  (0.5368,0.7789,1.0000)  (0.4105,0.6000,0.8000)
Env3 (0.5490,0.7255,0.8726) (0.5686,0.7647,0.9216)  (0.4314,0.6471,0.8726) (0.5882,0.8137,1.0000) (0.5784,0.7353,0.8627)
Env4 (0.5429,0.6857,0.8095) (0.5333,0.7524,0.9238) (0.4571,0.6571,0.8476)  (0.6286,0.8381,1.0000)  (0.5238,0.7429,0.9143)
Socl  (0.6117,0.8350,1.0000)  (0.6505,0.8252,0.9515)  (0.6019,0.8058,0.9709) (0.4175,0.6311,0.8350)  (0.4660,0.6311,0.8058)
Soc2  (0.6364,0.8364,0.9727)  (0.6818,0.8727,1.0000)  (0.6000,0.8091,0.9727)  (0.4091,0.6182,0.8182)  (0.6091,0.8091,0.9455)
Soc3  (0.7117,0.8649,0.9550)  (0.5315,0.7027,0.8378)  (0.5135,0.7207,0.8829)  (0.4324,0.6396,0.8198)  (0.6847,0.8649,1.0000)
Soc4  (0.7895,0.9386,1.0000) (0.6667,0.8509,0.9649)  (0.4912,0.6842,0.8421) (0.5614,0.7632,0.9211)  (0.6842,0.8684,0.9825)
Soc5  (0.5842,0.7723,0.9109)  (0.6436,0.8416,1.0000) (0.6139,0.8218,0.9901) (0.5644,0.7723,0.9505)  (0.5743,0.7624,0.9208)
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Table 13. Fuzzy weighted normalized decision matrix.
Al A2 A3 A4 A5
Ecol  (0.0835,0.1201,0.1463)  (0.0846,0.1305,0.1637)  (0.0629,0.1031,0.1405)  (0.0661,0.1031,0.1347) ~ (0.0531,0.0940,0.1362)
Eco2  (0.0032,0.0079,0.0205)  (0.0032,0.0079,0.0205)  (0.0033,0.0006,0.0217)  (0.0026,0.0069,0.0190)  (0.0032,0.0075,0.0186)
Eco3  (0.0392,0.0667,0.0926)  (0.0337,0.0594,0.0865)  (0.0265,0.0493,0.0760)  (0.0287,0.0507,0.0743)  (0.0309,0.0507,0.0725)
Eco4 (0.1381,0.1520,0.1474)  (0.1151,0.1362,0.1405)  (0.1239,0.1457,0.1474)  (0.1097,0.1282,0.1322)  (0.1328,0.1488,0.1474)
Eco5 (0.1703,0.1832,0.1706)  (0.1598,0.1814,0.1769)  (0.1262,0.1536,0.1611)  (0.1114,0.1333,0.1406)  (0.1472,0.1721,0.1706)
Envl (0.0776,0.0992,0.1136)  (0.0756,0.0982,0.1125)  (0.0594,0.0837,0.1041)  (0.0635,0.0868,0.1041)  (0.0635,0.0847,0.1020)
Env2  (0.0268,0.0376,0.0482)  (0.0257,0.0376,0.0498)  (0.0214,0.0322,0.0438)  (0.0273,0.0397,0.0520)  (0.0209,0.0306,0.0416)
Env3  (0.0219,0.0289,0.0359)  (0.0226,0.0305,0.0379)  (0.0172,0.0258,0.0359)  (0.0234,0.0325,0.0411)  (0.0230,0.0293,0.0355)
Env4 (0.0180,0.0228,0.0278)  (0.0177,0.0250,0.0317)  (0.0151,0.0218,0.0291)  (0.0208,0.0278,0.0343)  (0.0173,0.0247,0.0314)
Socl  (0.0375,0.0475,0.0541)  (0.0399,0.0470,0.0515)  (0.0369,0.0459,0.0525)  (0.0256,0.0359,0.0452)  (0.0286,0.0359,0.0436)
Soc2  (0.0290,0.0376,0.0419)  (0.0311,0.0392,0.0431) ~ (0.0274,0.0363,0.0419)  (0.0187,0.0278,0.0353)  (0.0278,0.0363,0.0407)
Soc3  (0.0186,0.0212,0.0230)  (0.0139,0.0172,0.0202)  (0.0134,0.0177,0.0213)  (0.0113,0.0157,0.0198)  (0.0179,0.0212,0.0241)
Soc4  (0.0051,0.0110,0.0201)  (0.0043,0.0100,0.0194)  (0.0032,0.0080,0.0169)  (0.0036,0.0089,0.0185)  (0.0044,0.0102,0.0197)
Soc5  (0.0099,0.0120,0.0140)  (0.0109,0.0130,0.0154)  (0.0104,0.0127,0.0152)  (0.0095,0.0120,0.0146)  (0.0097,0.0118,0.0142)

Table 14. Final evaluation and ranking of alternatives.

Alternatives df d; CC; Rank
Al 13.1820 1.3844  0.095 1
A2 13.1877 0.8307 0.0593 2
A3 13.2710 0.7524 0.0537 4
A4 13.3021 0.7176  0.0512 5
A5 13.2558 0.7631 0.0544 3

5.4. Results and Discussions

From the literature review, it was found that most plastic film assessments only considered one
sustainability dimension [1,3,24-26]; few considered two dimensions [27-29]; and very few considered
three dimensions [30]. Academic and corporate interest in sustainable supply chain management has
risen considerably in recent years [16]. In this paper, the triple bottom line approach (economic benefit,
environmental protect and social responsibility) was employed to assess the plastic film supply chain.

In the plastic film industry, the main method used has been life cycle assessment, which is usually
focused on the environmental dimension [1,25,29]. However, a multi-criteria decision making method
is more suitable for the sustainability assessment of multi-dimensional problems [12,32,34]. In this
paper, a hybrid FAHP-TOPSIS methodology was developed to evaluate the sustainability criteria
and to select sustainable alternatives. This paper assessed the sustainability criteria in plastic film
supply chain management. Because of the fierce competition and the imbalances in supply and
demand, it is very important for this focal plastic film company in China to develop sustainability
evaluation systems.

Plastic film assessments have generally focused on the product itself [1,3,29] and have rarely
considered evaluation from a supply chain management perspective [30]. With the development
of plastic film sustainable supply chain management, increasingly more companies are focusing on
sustainable assessment from the perspective of supply chain management [12,16,32]. In this paper, the
criteria and selected alternatives were assessed from a plastic film supply chain management perspective.

Few plastic film supply chain sustainability indicator systems have concurrently considered
the economic, environmental and social dimensions [12,16,30]. However, conventional indicators
are insufficient when seeking to assess the performance of sustainable supply chains, as they
predominantly focus on environmental issues and mainly emphasize the product itself [1,3,32]. In this
paper, we identified fourteen indicators suitable for the plastic film industry, which can provide
theoretical meaning and practical value for theoretical research and company operations.

As shown in Table 5, the priority of rankings for the sustainability assessment criteria dimensions
for BOPP industry supply chain management was economic-environmental-social. The economic
dimension was 0.6081 and was ranked first; the environmental dimension was 0.2364 and was ranked
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second; and the social dimension was 0.1555, so was ranked third. Markman and Krause (2016)
believed that the environment should be given first priority, with society second and the economic
dimension third [64]. Luthra et al. (2015) believed that the environmental dimension should also be the
first priority, but placed the economic second and the social dimension third [65]. The conclusion here,
therefore, differs from the conclusions reached in these recent studies. Struggling firms are unable to
prioritize environmental sustainability ahead of societal and economic sustainability [64]. The BOPP
industry in China is faced with overcapacity, and there is an imbalance between supply and demand.
Enterprises that have operating difficulties either close down or phase out a production line, with some
facing bankruptcy and others reorganizing their companies to ensure continued survival. Therefore, as
the focal company is also facing intense competition to survive and develop, they need to place greater
attention on the economic dimension. The second reason that the environment is not considered the
first priority is that the BOPP film raw material is polypropylene, which is an environmentally-friendly
material, so it has little negative impact on the environment. The priority for the specific indicators
within the respective dimensions is given in Table 9. The research findings were discussed with
the expert group to gain a better understanding of the contemporary issues associated with the
BOPP supply chain management in a Chinese context, which could improve chain effectiveness and
sustainability.

The “economic dimension (Eco)” was first in the order and consequently had the highest priority
in reference to the other criteria dimensions. Ther were five specific criteria in this dimension,
as shown in Table 6, Eco5>Eco4>Eco1>Eco3>Eco2; which had the following respective weights; Quality
(0.3395)>Financial performance (0.2773)>Reliability (0.2379)>Flexibility (0.1250)>Responsiveness
(0.0203). Of these, ‘Quality (Eco5)” had the highest priority. Economic problems are related to a
product’s life span, one of the most important features of which is the unique product function.
Therefore, decision makers need to logically consider quality issues. ‘Financial performance (Eco4)
was ranked second after ‘Quality’, meaning that effective financial management was seen as relatively
important for economic development and improvements in living standards. ‘Reliability (Ecol)’ was
ranked third. In a BOPP film supply chain, products, forecasts, inventories and customer service
should be reliable. The fourth ranked criterion was ‘Flexibility (Eco3)” with ‘Responsiveness (Eco2)
ranked last in the list. As international and national market BOPP industry demands fluctuate over
time, a company needs to be responsive to these market changes by adjusting current products or
developing new products.

The “environmental dimension (Env)” was found to be the second most important indicator
of the three dimensions, indicating the significance of improving the environmental sustainability
of the BOPP supply chain. This particular dimension had four specific indicators. As shown in

7

7

Table 7, the associated environmental criteria were ranked Env1>Env2>Env3>Env4, indicating that the
Energy consumption(0.4709)>Carbon emissions (0.2169)>Waste management (0.1703)>Environmental
management system(0.1419). The ‘Energy consumption (Env)’ criterion was of the greatest importance,
followed by ‘Carbon emissions (Env2)’. This ordering implied that decision makers need to prioritize
energy conservation and emissions reductions in the first place in the environmental dimension of
supply chain operations. As the BOPP production process requires that the raw material be heated,
the company consumes a great deal of electricity and natural gas. Further, because of seasonal
temperature differences, power consumption in winter is more than twice that in summer. If there
is a decrease in power consumption, there is a commensurate decrease in carbon emissions and
pollution. The third ranked criterion in this dimension was ‘Waste management (Env3)’. Fortunately,
BOPP film can be easily recycled and reprocessed into products for many different applications, and
when incinerated, only carbon dioxide and water vapor are produced, with no pollution. When used
in landfill sites, plastic waste has the positive benefit of stabilizing the ground without producing
unpleasant or harmful byproducts. ‘Environmental management system (Env4)” was the last ranked
in the environmental management priority sequence.
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The “social dimension (Soc)” was placed last in the priority list. There were five specific
criteria in this particular dimension. As shown in Table 8, the order of the related criteria
was Socl1>5S0c2>5S0c3>Soc5>Soc4, with the following weights; Employment (0.3694)>Health and
safety (0.2864)>Working conditions (0.1599)>Customer issues (0.1024)>Societal commitment(0.0819).
‘Employment (Socl)” was ranked first under this dimension as in a developing country such as
China, the most important corporate social responsibility has been recognized as the promotion of
employment. ‘Health and safety (Soc2)” was ranked second, primarily because in the BOPP supply
chain, health and security are very important for both employees and customers. The ‘Working
conditions (Soc3)" criterion was ranked third, indicating the increasing attention stakeholders
are paying to the work environment and employee living standards. ‘Customer issues (Soc5)’
was the fourth ranked criterion, and the final place of importance was the ‘Societal commitment
(Soc4)’ criterion.

An overall ranking of all criteria was also determined by assigning global weights. The ranking
was identified as Eco5>Eco4>Ecol>Env1>Eco3>Socl>Env2>Soc2>Env3>Env4>Soc3>Soc5>Socd>Eco2,
as shown in Table 9. According to the FAHP analysis, Quality (Eco5), Financial performance (Eco4),
Reliability (Ecol), Energy consumption (Env1) and Flexibility (Eco3) were the top five most important
sustainability criteria in the BOPP supply chain with respective values of 0.2064, 0.1686, 0.1447, 0.1113,
and 0.0760. Responsiveness (Eco2), Societal commitment (Soc4) and Customer issues (Soc5) were the
least important criteria with respective values of 0.0123, 0.0127 and 0.0159. As shown in Table 14,
the SCM alternatives from most important to least were A1>A2>A5>A3>A4. Therefore, Al with
a value of 0.0950 was the best solution for the BOPP focal company, and A4 with a value 0.0512 was
the least significant solution for the situation.

In our case study, the selection of the alternatives was only a preliminary recommendation, as the
final solution needs to be further discussed by the Board of Directors.

6. Conclusions

In this paper, the current status of the Chinese BOPP plastic film industry was discussed.
We presented a framework to characterize the sustainable performance of the BOPP plastic film
industry from a supply chain management perspective. Despite the growing interest in evaluating
sustainable performance in business and management, there have been few effective approaches
that have concurrently adopted the three sustainability dimensions for plastic film supply chain
management. From a comprehensive literature review and expert opinion, a hybrid fuzzy multi-criteria
decision making method was designed that linked the sustainability criteria and alternatives to plastic
film supply chain management. To illustrate our approach, a real BOPP plastic film industry case
study in Sichuan was presented. The results from the study provide a new insight for plastic film
supply chain management. The contributions of this study are as follows:

(1) A sustainability indicator system was developed for plastic film supply chain management that
concurrently considered the economic, environmental and social dimensions. The indicators
were specifically identified for the BOPP plastic film industry, so could provide theoretical and

practical value for similar studies in the future.
(2) A fuzzy multi-criteria decision making framework was proposed to evaluate and select the

optimal solution for the plastic film supply chain. Fuzzy AHP was used to prioritize the criteria,
and fuzzy TOPSIS was applied to rank the sustainable alternatives. The results in this paper

indicated that the method was effective and efficient.
(3) The proposed method was applied to a real BOPP plastic film company case study in

Chengdu. Results from this model could provide decision support for policy makers seeking to
balance BOPP supply and demand, adjust industry structure and promote regional sustainable
eco-environmental development in China.

The developed framework could assist BOPP plastic film companies identify the criteria and
solutions so as to realize sustainable supply chain management. In further research, different
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multi-criteria decision making models could be applied to the same problem and the results compared.
There is also value in extending the research reported in this paper to other industries in China
and beyond.
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