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Abstract

In light of the grim situation in both the environmental and energy sectors, manufacturing enterprises are faced with the challenge of pursuing economic
benefits while at the same time coordinating the development between supply chain and environment. As a brand-new management model under the framework
of sustainable development, green supply chain management has attracted the growing attention of the academic and business world. This study will review
the literature on green supply chain management through several aspects including green supplier.
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1.0 INTRODUCTION

The term “Green supply chain management” (Simpson and Power, 2005; Srivastava, 2007; Lee, 2008), is also known as “Sustainable supply
chain management” (Vasileiou and Morris, 2006; Piplani et al., 2008; Craig and Dale, 2008; Svensson, 2007; Seuring and Miiller, 2008) or
“Environmental supply chain management” (Cote et al., 2008; Walker et al., 2008; Meisner et al., 2008). It is a new research field which
was derived from supply chain management and sustainable development (Wang et al., 2007), involving the environmental problems in
every pitch point of supply chain, and aims to reduce resource consumption, protect environment and balance the development of economy
and environment (Allen and Chia, 2010). Because of the short research period, green supply chain and green supply chain management have
not been researched and analysed in-depth.

2.0 EVOLUTION OF GREEN SUPPLY CHAIN MANAGEMENT

Since the industrial revolution, the development of national economies, along with changes in science and technology, has been accelerating,
leading to the rapid enhancement of the ability of humans to exploit natural resources. However, along with this progress, environmental
incidents have frequently occurred (Fitzherbert et al., 2008; Greenpeace, 2007). Since the 1970s, the relationship among the population,
source and environment have begun to be considered rationally and the concept of sustainable development was conducted in Our Common
Future in 1987 (Nathalie et al., 2011). Under multi-faceted environmental pressures, enterprises are required to improve their environmental
performance (Handfield ez al., 2002). In this context, a new thought was mooted as a minor branch of logistic management research, which
was the idea of integrating environmental elements into supply chain management (Zhu and Sarkis, 2004).

Full scale research into green supply chain started in the 1990s and derived from green purchasing. Webb (1994) studied the effects of
some products on the environment. This study pioneered the theory of “green purchasing” which suggests the purchase of suitable materials
based on environmental standards and attention to recycling. In 1995, an organization was set up by CIPS (Chartered Institute of Purchasing
and Supply) and BIE (Business in the Environment), that particularly helped enterprises to strike a balance between business activities and
environmental performance through improving supply chain management (Green et al., 1998).

The concept of “green supply chain” was first published in a study called “Environmentally Responsible Manufacturing” in 1996 by
the Manufacture Research Consortium (MRC) of Michigan State University. This study considered the development of manufacturing supply
chains based on environmental influence and optimum resource utilization (Handfield et al, 1997). In the same year, EPSRC (The
Engineering and Physical Sciences Research Council) along with more than twenty other groups jointly sponsored a research, “ESRC Global
Environment Change”. “Green Supply Chain Management” was the main research in this program (Green ef al., 2000). It was followed by
ISO (International Standard Organization) and the launch of ISO 14000 series standards of environmental management system (Walton et
al., 1998). Since then, the term “green supply chain” has been discussed by various organizations and researchers who have offered their
own views on green supply chain and green supply chain management. Min and Galle (1997) discussed how to factor environmental
protection into supplier selection, and the effects of green purchasing on waste reduction. Beamon (1999) introduced some environmental
elements into a supply chain model and offered a new supply chain design. Hoek (1998) spearheaded efforts to keep ecological balance in
supply chain practical operation. In 1999, General Motors Corporation formed a green supply chain working group with another twelve
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corporations. They aimed to find solutions to improve both the environmental and financial performance of supply chain management
(Christmann, 2000).

In the academic field, The Centre for Advanced Purchasing Studies of US published Environmental Supply Chain Management which
introduced some analytical tools and case studies (Narasimhan and Carter, 1998). Meanwhile, Texas Tech University founded Green Supply
Chain Management Research Centre and showed their findings on green supply chain management research (Min and Galle, 2001). In August
2001, an international journal, Greener Management International published a special issue of Greening Supply Chain Management (Sarkis,
2001). Research in recent years has mainly employed qualitative analysis and less quantitative research (Jamal, 2009). More focus has been
placed on green design (Arena et al., 2003; Srivastava, 2007), green purchasing (Murray, 2000; Wu et al., 2001; Zhang et al., 2014),
environmental performance evaluation system (Dowell et al., 2000; Farrow ef al., 2000; Sharma, 2000; Clemens, 2001) and reverse logistics
(Shih, 2001; Srivastava and Srivastava 2006; Min et al., 2006). However, these existing researches are dispersive and have not yet formed a
systematized theory (Sarkis et al., 2006). Many countries have invested in the research of green supply chain management. In both the
research and practice of this area, Europe is better than the US, and both are better than Asia.

3.0 GREEN SUPPLY CHAIN MANAGEMENT THEORY

At present, there is still no single uniform and authoritative definition of “green supply chain”. Such a definition is not to be found in the
Logistics Terms Standards where the concepts and connotation of green supply chain and green supply chain management are still at the
exploratory stage (Qinghua et al., 2010). However, publications about green supply chain management have been growing recently with
various authors having created different definitions (Nagorney and Toyasaki, 2005). Similar to supply chain management, various authors
have defined green supply chain management by focusing on the goals of their own investigations. Table 1 shows some typical definitions
of green supply chain management, and these definitions include some new ideas such as strategic transformation of enterprise and green
design of supply chain, leading to a great step forward in the theories of green supply chain and green supply chain management.
Areview of previous studies, and based on the investigated goals of this research, the definitions of green supply chain and green supply

chain management in this study are conducted as follows:

Green supply chain is an innovative supply chain which complies with social development trends. It integrates economic

performance, environmental performance and resource efficiency into the entire spectrum of supply chain activities

involving raw materials and component purchasing, manufacturing, packaging, distribution, retailing, and the

subsequent recycling of the products. It is a comprehensive strategic alliance consisting of suppliers, manufacturers,

distributors, retailers, consumers and, lately, recyclers and governments. Great efforts are being made to reduce costs

and increase economic benefits while improving environmental performance and minimizing resource consumption.

Green supply chain management is also known as environmental supply chain management or sustainable supply chain

management, which is a modern management mode inspired by sustainable development ideas based on supply chain

management techniques. It serves all the partners through planning, organizing, directing, controlling and coordinating

material, information, capital and knowledge flows in green supply chains. Its objective is to achieve optimal allocation

of resources, increase economic benefits and improve environmental consistency in the whole product life cycle so as to

promote the coordinated development of environmental, social and economic performance.

Table 1 Definitions of green supply chain management

Authors Definitions
Narasimhan and Carter | Green supply chain management is the effort of purchasing departments on activities such as reducing pollutants,
(1998) recycling and materials substitution

GSCM is a management mode which considers the environmental effects and the efficiency of resource utilization in
Dan and Liu (2000) the whole supply chain. It is based on the green manufacturing theory and supply chain management techniques,
involving suppliers, manufacturers, retailers and consumers. It aims to minimize the negative effects on the
environment and to maximize the efficiency of resource utilization in the whole production process.

Zsidisin and Siferd GSCM is a supply chain management technique used to solve the environmental problems within a company’s
(2001) production and service departments.

US-Asia Environmental | Activities in which an organization imposes its environmental requirements to its suppliers’ productions and processes

Partnership (2003) should be named “Green supply chain management”.

United Nations The main activities of GSCM include evaluating the suppliers’ environmental performance, developing eco-design
Environment with suppliers, providing training and information for suppliers in order to improve suppliers’ environmental
Programme (2003) management capabilities

GSCM enterprises cooperate with their downstream and upstream, optimizing the environmental benefits from product
Zhu (2004) design, material selection and retailing to recycling, improving both economic and environmental performances to
achieve the sustainable development of supply chain.

Beamon (1999) presented a different green supply chain management definition in a new conceptual model of green supply chain. This
model is based on the traditional supply chain conceptual model with the addition of remanufacturing, reuse and recycling. It also described
the motion of waste materials which arise from supply, manufacturing, distribution and consumption. So far, the conceptual model of green
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supply chain has not involved numerous researchers. With support from the Swedish Office of Science and Technology, Karlberg (2000)
offered a conceptual model of green supply chain in the research of green supply chain management within the electronics industry. In this
research, reclaimer was added as a member of a green supply chain that grouped suppliers, manufacturers, distributors, retailers and
consumers, while the motion issues of information flow was investigated in green supply chain. Hoek (1999) also reported a conceptual
model of green supply chain, adding service organization as a new element in this model. It has contributed to the analysis of problems and
how to manage every pitch point in a green supply chain.

Reviewing the above models, all green supply chain models have been created through expansion of environmental elements into the
traditional supply chain system. But, they do not describe the system structure of green supply chain and ignore the motion of knowledge
flow in the systems. Traditional supply chain management has been focused on maximizing the enterprises’ benefits in supply chain (Thoo
et al., 2014a). Although it involved material and energy savings with a simple consideration of cost and internal environment improvement,
no sufficient consideration of the impacts on external environment was provided, and the recycling process of wastes was ignored (Thoo et
al., 2014b). Table 2 shows the differences between traditional supply chain management and green supply chain management.

Table 2 Comparisons between SCM and GSCM

Items SCM GSCM
Background Accelerated diversification and uncertainty on Environmental degradation and resources shortage
market
Essential elements Supplier/ Manufacturer/ Distributor/ Retailer/ Supplier/ Manufacturer/ Distributor/ Retailer/ Consumer/
Consumer Society and Environment
Primary Activities Material Flow/ Information Flow/ Capital Flow Material Flow/ Information Flow/ Capital Flow/ Knowledge
Flow
Theoretical Basis Optimal Allocation of Resources Supply Chain Management (Optimal Allocation of Resources)/
Sustainable Development (Equity Theory)
Manufacturing Model Lean Production/ Agile Manufacturing Cleaner Production / Green Manufacturing
Strategic Objectives Reducing uncertainty and Maximizing benefits Optimizing the allocation of resources and compatible with
environment

Wang et al. (2005) summarized and improved the previous models and offered a new one which is referenced in this study. The model
gives a systematic and comprehensive description of green supply chain structure and the connections among subsystems. It divides green
supply chain into five subsystems which are manufacturing, consumption, environmental, logistics and social systems. Manufacturing
systems consist of suppliers, manufacturers, distributors, retailers and recyclers, covering the whole process beginning with resource
investment, and progressing to manufacturing, transportation, marketing and re-use. A consumption system includes consumer activities
such as final consumption and product use while the main activities in environmental systems are that of developing resources and recycling
waste materials. Social system is comprised of the social factors which impact green supply chain operation such as regulation, culture and
ethics. And finally, a logistics system is concerned with material, information, capital and knowledge flows.

In this model, the movement of green supply chain is circular. Environmental systems provide resources to manufacturing systems.
Through the behaviours of production and consumption, both the manufacturing system and consuming system release waste materials which
enter into the environmental system. Manufacturing systems provide products to consumers and receive resources from recycled consumers’
waste products. The social system conducts regulation, culture and ethics to restrict and influence the activities in the manufacturing and
consuming system so as to achieve environmental compatibility. The most prominent feature of this model is the presentation of the operation
of logistics systems on green supply chains. Due to the involvement of re-use, material flow and capital flow are changed from single
movement to double movement, and as a newly imported component part, knowledge flow is added into the green supply chain model.

In recent years, due to the increasingly stringent environmental requirements placed upon social and enterprise development, the green
supply chain management researches have made substantial progress (Zhu et al., 2010). Many advanced ideas (e.g., Life Cycle Management
and Industrial Ecology) and analytical tools (e.g., Industrial Network Theory, CHAMP Method and ANP Method) have been integrated into
green supply chain management (Handfield et al., 2002), and some of them prospered in small-scale practices that achieved a win-win
situation between enterprises and society (Hu and Hsu, 2010). However, the research on green supply chain management at present does not
keep up with the urgent requirements of its development.

4.0 GREEN SUPPLIER

In a supply chain, upstream enterprises provide products (materials, semifinished products, components or services) to downstream
enterprises, and in turn, downstream enterprises will provide products to their downstream enterprises. Upstream enterprises which provide
products to others are termed suppliers, while downstream enterprises which purchase products from others are termed purchasers (Bowersox
et al., 2002). Each enterprise is the consumer for their upstream and also a supplier for their downstream (Wisner et al., 2005). Thus,
supplier is broadly defined as all the enterprises in supply chain, with the exception of the final consumer.

Suppliers are the source of the entire spectrum of supply chain (Ting and Cho, 2008). Effective supplier management is the prerequisite
and foundation of supply chain cooperation (Coyle et al., 2009; Burt et al., 2010). Saman and Jafar (2009) demonstrated that suppliers have
played a critical role in, and have had a significant impact on, their partner enterprises’ operation and development in many ways such as
delivery time, quality level, inventory position, production cost, service quality and product design. Enterprises have been more and more
absorbed in their core businesses (Chin et al., 2004). They have purchased much more outsourcing materials than before, leading to much
heavier reliance on suppliers for professional techniques and strategic decision-making (Ting and Cho, 2008; Burt et al., 2010). As Amid et
al. (2011) mentioned, building good partnerships with suppliers and managing suppliers effectively has already been to the key approach to
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improving an enterprises’ competitive advantage. Thus, supplier management is the main component of supply chain management (Wisner
et al., 2005; Coyle et al., 2009).

Simultaneous with green supply chain management, green supplier management has been developed from supplier management, reducing
both environmental risks and the difficulty of environmental management for enterprises (Hoek, 1999). The green production achievements
of suppliers have been amplified in the process of supply chain activities (Murray, 2000). Qinghua et al. (2010) pointed out that green
suppliers have contributed to the reduction of product life-cycle cost so as to provide more environmental-friendly, safer and cheaper products
to consumers. In addition, Noci (1997) stated that green suppliers have reduced the production costs of their downstream enterprises by
allocating the use of resources and raw materials more efficiently, thereby curtailing the expenditure of environmental remediation.

In light of the above, suppliers are an essential part of green supply chains and play a vital role in the implementation of green supply
chain management (Hu and Hsu, 2010; Seuring and Miller, 2008). Qinghua et al. (2010) suggested that a new and necessary requirement
for modern enterprises to survive in global and information-based competition, is to understand the importance, operational modes and
process methods of green supplier management. Green supplier management in this study will focus on how enterprises select green suppliers
and how to green suppliers are developed.

4.1 Green Supplier Selection

The topic of supplier selection has been broadly researched over the past several decades. Some relevant researches have grown to a mature
stage (Feng et al., 2011). Dickson (1966) conducted the earliest and also the most influential research on supplier selection. Through the
analysis of survey results from 170 purchasing agencies and managers, he presented 23 supplier evaluation indicators and of these, standard
quality, on-time delivery and performance history are the top three most influential factors. Johnson et al. (1995) evaluated potential suppliers
based on their strategies, cultures, production processes and technologies, and 17 factors were selected as the criteria of suitable suppliers.
The results show that in all 17 influential factors, time, cost, quality and service are the successful factors for suppliers. In an empirical
study, Patton (1996) reported a set of critical elements in supplier selection and evaluation decisions. It placed in order of importance product
quality, price and terms, delivery, sales support, facilities and technology, order routine and financial status. Yahya and Kingsman (1999)
adopted the analytical hierarchy process (AHP) to analyse the supplier selection criteria and gave another rating that included delivery,
quality, facilities, technical capabilities, management, financial position, discipline and responsiveness.

Glenn (2001) investigated supplier selection in technically innovative enterprises and developed a model to contribute to transaction
cost economics from the perspective of supplier selection. Choy and Lee (2003) developed a case-based supplier management tool to select
and evaluate suppliers for outsourcing manufacturing, and they proposed a hierarchical structure as a mechanism built around three main
criteria (technical capabilities, organizational profiles and quality assessment) including 13 attributes such as, price, delivery, financial status,
customer service, quality staff, quality of shipment, planning and assurance of quality, process improving, product developing, manufacturing
capabilities, organizational culture, management commitment, objectives of marketing and sales achievements. Kulak and Kahraman (2005)
discussed the fuzzy multi-attribute decision-making issues especially in the selection and evaluation of transportation suppliers. They used
an approach which combined both multi-attribute axiomatic design (AD) and analytical hierarchy process (AHP) to accomplish the selection
process of the best transportation company under the five key criteria including transportation cost, defective rate, tardiness rate, flexibility
and documentation abilities.

In general, enterprises need to take multiple factors into account while managing their supply chain and suppliers (Amid et al., 2006).
In purchasing services and products, in particular, suppliers are compared and evaluated in detail. From the initial material purchases right
down to the delivery of the final product or service, it is necessary to select and manage all kinds of suppliers in each stage of the entire
product life cycle (Chen et al., 2004). Thus, the increasing diversities and differences in suppliers have led to a much more complex selection
and management process than ever before (Bai and Sarkis, 2010). From the above previous studies, the main criteria of supplier selection
includes product quality, product cost, on-time delivery, financial status, production capabilities, service level, technical capabilities,
innovation capabilities, 1ISO 9000 certification, long-term relationships, cultural compatibility, corporate reputation and corporate
communication. Most of these criteria focus on operational and organizational factors that are no longer fully adaptable to the needs of
today’s enterprises (Wu et al., 2001). With increasing pressure arising from a contaminative environment and deficient energy and resources,
decisions concerning supplier selection should be based not only on operational and economic benefits, but also upon the comprehensive
performance of the economy, environment and society.

In recent years, more and more researches have started to include environmental factors in the process of supplier selection. Noci (1997)
pointed out that the supplier selection criteria in different companies depended on their environmental development strategies. Thus, the
companies should identify their environmental development strategies before selecting suppliers. As a result, environmental development
strategies were clustered into pro-active and re-active, and one supplier rating system was offered based on the pro-active environmental
development strategy. The primary criteria include green competency, environmental efficiency, suppliers’ green image and net life-cycle
cost. Min and Galle (1997) discussed how to consider environmental protection in the decision-making process of supplier selection while
they explored the effects of green purchasing on reducing waste. In order to look for the supplier selection criteria and influencing factors
which are suitable for the requirements of green supply chain management, Walton et al. (1998) analysed the supplier selection criteria with
a consideration of environmental elements through research conducted in the US manufacturing industry.

Handfield et al. (2002) carried out three case studies to examine the method of analytical hierarchy process (AHP) which was used in
the assessment of supplier environmental performance, and put forward an indicator system of supplier environmental performance that
resulted in the top 10 most easily and most important assessed indicators. These indicators were composed of a set of supplier environmental
performance attributes that involved waste management, product attribute, labelling and certification, packaging and reverse logistics,
compliance to government regulates and environmental programs at suppliers’ facilities. Gauthier (2005) suggested that sustainability is the
simultaneous development of economy, society and environment. In his research, a newly extended LCA (Life Cycle Assessment) method
was suggested as a tool to measure corporate social and environmental performance. Presley et al. (2007) and Ciliberti et al. (2008) provided
the “triple bottom line” selection criteria composed of the contribution of economic, environmental, and social dimensions to organizational
and managerial decisions. Hutchins and Sutherland (2008) demonstrated how to apply social sustainability measurements to supply chain
decision-making, especially in supplier evaluation and selection decisions.
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After a comprehensive review of the related work in China, it can be said that China has produced many great achievements and a substantial
number of them have been applied into practice. Ma et al. (2000) summarized four critical factors which impact partner selection and these
factors are organizational performance, business structure and production capacity, system quality and organizational environment. Based
on the research of Walton et al. (1998), Zhu and Geng (2002) compared the situations of supplier selection in the different green supply
chain backgrounds in China and the US. Wang et al. (2004) designed an evaluation system for suppliers with six factors involving service,
technique, flexibility, quality reliability, delivery reliability and supplier loyalty. Wang and Chen (2004) built a supplier evaluation system
suitable for e-business environments which includes four criteria such as degree of informatization, service level, business ability and
technical capability.

In a research of green supplier assessment, Wang et al. (2007) put forward design principles for an assessment criteria system involving
degree of systematization, independence, comparability, dynamism and flexibility. Liu and Zhu (2005) researched decision-making of green
supplier selection and examined four influencing factors such as 1SO14001 certification, production eco-design, effective clean technologies
and current environmental efficiency. Huo et al. (2005) created different assessment criteria systems for the three different phases in one
supply chain life-cycle such as creating stage, operating stage and dissolution stage. Zhong (2006) summarized current literature and
suggested 13 criteria (quality, service, cost, flexibility, financial status, technical level, ability of catching opportunity, level of supply,
strategic mindset, management system, cultural capacity, leadership support and cooperate income) for supplier selection based on four
aspects involving production, performance, organizational culture and cooperative attitude.

With consideration given to the economic operation of enterprises, as well as social and financial requirements of environmental
protection, Zhang (2005) identified three criteria for green partner selection that involve parameters such as performance evaluation,
production or service evaluation and environmental indicators. In another similar study, Shi and He (2005) presented seven criteria for
supplier selection, especially in agile supply chains, involving product price satisfaction, product manufacturing quality satisfaction, product
environmental quality satisfaction, design capability satisfaction, responsiveness to customer demand, synchronous cooperative ability and
business credibility. Chen (2007) analysed related theories of supply chain risk management and supplier selection, and built a supplier
assessment criteria system which consisted of external risk factors (natural geographical environment, political factors, cultural environment
and economic factors), internal risk factors (technical capability, financial status, production condition, management level, business
development prospects and after service) and co-related risk factors (cooperative compatibility and delivery status).

Throughout the research status in and out of China, the perception is that the criteria system of supplier selection decision-making has
been built in to many researches. Along with the wide-acceptance of sustainable development and environment protection ideas, new
selection criteria such as suppliers’ social responsibilities and environmental consciousness have become indispensable factors in some
researches, leading to more a comprehensive supplier selection criteria system. However, there are still some shortages. The existing green
supplier selection studies put more emphasis on environmental issues, and the study of socially sustainable development factors has been
very limited so far (Hutchins and Sutherland, 2008).

On the other hand, many researches have analysed environmental or social factors as exogenous variables in order to solve some specific
environmental or social problems in supply chain. They have independently studied suppliers’ environmental or social performance and
little consideration has been given to the economy, environment and society as a whole. Thus, it is lack of greening the whole supplier
selection process.

H5.0 CONCLUSION

From the previous literature discussed in this study, it can be concluded that green supply chain is the expansion of traditional supply chain.
It focuses on environmental elements as the basis of achieving the objectives of supply chain management. Through the recycling of products,
the utilization ratio of system resources will be improved and negative impacts on the environment will be reduced. Green supply chain
management aims to promote the coordinated development of environmental, social and economic performances with an emphasis on green
transformation of the whole product life cycle while minimizing resource consumption and environmental impact and at the same time,
pursuing economic benefits. Thus, green supply chain is more systemic, holistic and practical by including green supplier selection.
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