Aicha Mme 
  
Sekhari 
  
  
  

List of Tables

List of Figures

Chapter 1. GENERAL INTRODUCTION

MOTIVATION AND BACKGROUND

Managing supply chains in a sustainable context has been widely of interest in the last two decades for industrial and academic sectors because of drivers from political agenda after the Brundtland commission report (World Commission on Environment and Development (WECD), 1987) has been published. The report popularized the most commonly used definition of sustainable development: "Development that meets the needs of current generations without compromising the ability of future generations to meet their own needs" (WCED, 1987, p. 45). This report enhanced the decreasing of quality of life due to the limitation of natural resources, increasing of human consumption, and environmental distortion from human activities. Thus, the world development cannot be considered only economic growth but it should be considered in term of environmental and social impacts as well. The sustainable development (SD) concept and practices are discussed from an international collaboration to an organization implementation.

The Brundtland report provided the momentum for the Rio Summit in 1992 that laid the foundations for the global institutionalization of sustainable development. The Earth Summit adopted the Rio Declaration on Environment and Development and Agenda 21, a global plan of action for sustainable development. The "Rio Declaration" contained 27 principles of sustainable development, including principle eight on "sustainable production and consumption". It states "to achieve sustainable development and a higher quality of life for all people, States should reduce and eliminate unsustainable patterns of production and consumption and promote appropriate demographic policies" (United Nations (UN), 1993).

Agenda 21 included 40 separate chapters, setting out actions in regard to the social and economic dimensions of sustainable development, conservation and management of natural resources, the role of major groups, and means of implementation. In chapter 30 of Agenda 21, strengthening the role of business and industry, two programs are proposed for developing sustainability for business and industry: promoting cleaner production and promoting responsible entrepreneurship (United Nations (UN), 1993).

The results of the Rio summit conference lead to the establishment of several standards, guidelines, and regulations to respond to the sustainable development such as ISO 14000 family of standards, the waste electrical and electronic equipment directive  ISO 26000:2010 is intended to assist companies in contributing to sustainable development. It is not a management system standard but it is intended to provide organizations with guidance concerning social responsibility.

Companies in the industrial sector are pressured by legal demands/regulation, responses to the stakeholders, the competitive advantage, the customer demands, the reputation loss, and the environmental and social pressure groups to adopt a commitment on sustainability practices. The legal demands are the most frequently mentioned, closely followed by customer demands and response to stakeholders. This initially switched companies onto a competitive way of thinking about environmental performance and then corporate citizenship and corporate social responsibility.

Corporate sustainability is a new area of study and many researchers have tried clearly to define the sustainability terminology. Most researchers do not provide definitions but attempt to explain what companies are supposed to do to achieve sustainability [START_REF] Bourne | The success and failure of performance measurement initiatives: Perceptions of participating managers[END_REF][START_REF] Coelho | Sustainability evaluation management system model for individual organization and supply chain[END_REF]. Moreover when the focal company is pressured, it usually passes this pressure on to suppliers. This situation leads to increase a consideration in sustainable supply chain management (sSCM) and the rise of research exploring the issue of sustainability in supply chain [START_REF] Beamon | Sustainability and the future of supply chain management[END_REF][START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF][START_REF] Clark | Evolution of the global sustainable consumption and production policy and the United Nations Environment Programme's (UNEP) supporting activities[END_REF] This raises an intersection between sustainable development (SD) and supply chain management. The researchers and practitioners extended the operational aspects in traditional SCM, which considers only an economic dimension, by adding environmental and social dimension in their attention. Companies have to satisfy economic goals while the environmental and social impacts need to be fulfilled by stakeholders and supply chain members. Managers have challenges in dealing with multiple decision makers and assessing the environmental and social impacts in supply chain and concerning diverse processes for designing, sourcing, producing, and distributing products.

The problems for managers in the industrial sector are, how can they implement sustainability practices in their business? How can they measure and improve their sustainability performance to increase business competitiveness? Within this context, the Global Reporting Initiative (GRI), which provides the framework and metrics to measure sustainability performance of the company, have been proposed by industry [START_REF] Gri | Sustainability reporting guidelines[END_REF]. The GRI focuses on sustainability of companies and does not take into account of supply chain management principle.

Meanwhile academia has developed a body of knowledge related to sSCM by integrate the concept of sustainability with supply chain management. In the early stage (during 1991-2000) of sSCM and green supply chain management (GSCM) has been more focus on environmental aspects. To some degree, the term "sustainability" and "environment" have been used interchangeably. Social aspects have been recognized since 2001 [START_REF] Carter | Sustainable supply chain management: evolution and future directions[END_REF] after the well-known sustainability framework, which is called the triple bottom line (TBL), has been proposed by Elkington in 1994[START_REF] Elkington | Cannibals with forks: the triple bottom line of 21st century business[END_REF]. His argument was that companies should be preparing three different bottom lines. One is the traditional measure of corporate profit (economic concerns). The second is the bottom line of the company's people account (social concerns), a measure of how socially responsible an organization has been throughout its operations. The third is a measure of how a business impacts on the natural environment. The triple bottom line (TBL) thus consists of three dimensions: economic, environment and society. It aims to measure the economic, social and environmental performance of the corporation over a period of time.

Many different frameworks of sSCM exist, starting from conceptual of sSCM [START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF]Seuring and Müller, 2008;[START_REF] Teuteberg | A Systematic Review of Sustainable Supply Chain Management Research, in: Accounting and Information Systems University of Osnabriick[END_REF], definitions of sSCM [START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF][START_REF] Ciliberti | Investigating corporate social responsibility in supply chains: a SME perspective[END_REF][START_REF] Font | Sustainable supply chain management in tourism[END_REF][START_REF] Haake | Sustainable procurement of minor items -exploring limits to sustainability[END_REF][START_REF] Jorgensen | Sustainable competitiveness in global value chains: how do small Danish firms behave?[END_REF][START_REF] Pagell | Building a More Complete Theory of Sustainable Supply Chain Management Using Case Studies of 10 Exemplars[END_REF]Seuring and Müller, 2008;[START_REF] Wolf | Sustainable Supply Chain Management Integration: A Qualitative Analysis of the German Manufacturing Industry[END_REF], practices to implement sustainability into supply chain [START_REF] Beamon | Sustainability and the future of supply chain management[END_REF][START_REF] Gunasekaran | Sustainability of manufacturing and services: Investigations for research and applications[END_REF][START_REF] Sarkis | How green is the supply chain? Practice and research[END_REF][START_REF] Seuring | Industrial ecology, life cycles, supply chains: differences and interrelations[END_REF][START_REF] Zailani | Sustainable supply chain management (SSCM) in Malaysia: A survey[END_REF][START_REF] Zhu | Relationships between operational practices and performance among early adopters of green supply chain management practices in Chinese manufacturing enterprises[END_REF][START_REF] Zhu | Green supply chain management innovation diffusion and its relationship to organizational improvement: An ecological modernization perspective[END_REF], and the modeling approaches related to sSCM [START_REF] Bai | Integrating sustainability into supplier selection with grey system and rough set methodologies[END_REF][START_REF] Büyüközkan | A novel fuzzy multi-criteria decision framework for sustainable supplier selection with incomplete information[END_REF][START_REF] Lee | A green supplier selection model for high-tech industry[END_REF][START_REF] Tseng | Evaluating firm's green supply chain management in linguistic preferences[END_REF].

The conceptual frameworks of sSCM have been developed respect to TBL concept [START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF]Seuring and Müller, 2008;[START_REF] Teuteberg | A Systematic Review of Sustainable Supply Chain Management Research, in: Accounting and Information Systems University of Osnabriick[END_REF].

In order to measure sustainability performance of supply chain, the TBL is adopted to identify sustainability strategy, select indicators and measures of sustainability performance. However the broad categorization will make the difficulty for manager to identify their sustainability strategy and link with tactical or operational level. Thus, the need of developing frameworks for measuring sustainability of sSCM that explains subdimension of TBL and links supply chain strategy with tactical and operational level is a challenge in the research field. Moreover, the implementation in this research field still focuses on environmental issues. Social and ethical issues were seen as less tangible and more difficult to address than environmental issue. Thus, an approach to integrate social dimension with economic and environmental dimensions is still a challenge in sSCM research field.

The supply chain management perspective is important for designing performance measurement system. There are difference perspective for measuring sustainability of supply chain such as measuring sustainability performance along the whole supply chain by using lifecycle analysis (LCA) or product lifecycle management (PLM) concept [START_REF] Beamon | Sustainability and the future of supply chain management[END_REF][START_REF] Seuring | Industrial ecology, life cycles, supply chains: differences and interrelations[END_REF]. Some research works measure sustainability performance of the focal company and taking indicators related to suppliers and/or customers into account. Some research works measure sustainability performance in business function of the company i.e. supplier selection, inventory management, production, distribution, etc. Hence, in order to improve performance measurement system, the level of measurement should be identified.

This thesis aims to clarify a sustainability implementation into supply chain and to develop a tool for measuring sustainability performance for sSCM by selecting one of supply chain activity as a case for developing measurement model. The developed measurement model will be implemented in the case study company which is an electronics industry in Thailand.

THAI ELECTRONICS INDUSTRY

Thai electrical and electronic industries (TEEI) have developed much since the middle of the 20th century. This industry sector in Thailand has been a major driver of export growth for the country and the sector has seen substantial growth in recent years. The development in the TEEI is above all due to high investments from Japan, South Korea and Taiwan to mitigate the high production costs in the countries. Today goes almost half of the total annual exports to Japan, the US and EU. Out of the total export more than 40% is related to Electrical and Electronic Equipment (EEE) (EEI 2007). The rest of the export goes mainly to China and Association of South East Asian Nations (ASEAN) countries.

According to Thailand Electrical and Electronics Institute (EEI) the EEE sectors consist of about 2,045 factories, with 601,954 employees (2013) and these numbers were growing every year. These are to a high extent consisting of Thai entrepreneurs with small electrical businesses, international entrepreneurs with small to medium sized electronics businesses, whilst the medium to large sized electronics business are most often joint ventures between Thai and foreign investors. Over 60% of the employees within the sector are employed by larger companies i.e. companies with over 200 employees or over 6 million USD in assets for manufacturing (APO 2008).

The currently existing environmental regulation and legislations in Thailand are compared to the ones in EU and Japan quite few and harmless. Compliance of foreign regulation is what most companies relies on for the ability of export to foreign customers and their demands. Main adjustments for Restriction of Hazardous Substances (RoHS) and Waste Electrical and Electronic Equipment (WEEE) directive have been made according to EEI (2007). However the burden is extensive especially for Small and Medium Sized Enterprises (SME). The main efforts are put on adjustments to RoHS more than design for recycling in compliance with WEEE.

Adjustment to the legislations remains difficult since proof and monitoring of compliance, new material quality and reliability testing are hard to regulate without proper certification bodies. Time and resources are also difficult matters as always with expenses and whom these are credited. Another big problem in Thailand is that personnel with knowledge in the environmental legislation areas often get poached by larger companies enticed by higher wages. Leading to the small and medium size enterprises (SMEs) missing the crucial information.

According to the country report on Thai Electronics sector (EEI, 2007) and [START_REF] Wallerius | Green Supply Chain Management in Thailand : An Investigation of the Use in the Electrical and Electronics Industry[END_REF] found that most of the need of compliance with regulation in Thai companies comes from mother companies abroad. This implies that these demands will drive many companies within the first tier of suppliers. Following the chain to the second tier the compliance decreases dramatically. This compliance will though drive some of the environmental work such as the need of certification, audits and documentation.

The Thai government is aware of the need of sustainability to create competitiveness in the global market. Both short-and long term projects in several different areas concerning environment and sustainability were initiated by the Thai government in 2005. Recognizing the sustainable development of the electrical and electronics industry as a priority for the Kingdom, the Thai Government has launched proactive investment policies and measures, which have attracted investments from many multinational companies and led the industry to prosperity in Thailand (BOI, 2013).

RESEARCH PROBLEM

Companies and their supply chains need assistance in the development of a practical performance evaluation approach. Such an approach needs to be able to integrate their sustainability strategy with tactical and operational activities. Several reviews provide different perspectives on sustainability performance measurement in supply chain management such as eco-product design, product lifecycle assessment, supplier management, cleaner production, closed-loop supply chain, implementation of sustainability practices, corporate sustainability etc. This difference perspective leads to the difference of sustainability performance measurement model. The links between existing conceptual frameworks [START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF]Seuring and Müller, 2008;[START_REF] Teuteberg | A Systematic Review of Sustainable Supply Chain Management Research, in: Accounting and Information Systems University of Osnabriick[END_REF] and the perspectives to measure sustainability performance in sSCM are still missing. In order to assist managers to develop a practical performance measurement system, a framework with sub-dimension should be developed. As the separation of three pillars of sustainability, i.e. economic, environmental and social dimensions, connections between each other were distracted. This chapter provides a background to understand current trends in this multidisciplinary field and proposes the sSCM framework for this research. Using the current literature and the result of an empirical study, the results of comparative study enhance the important role of considering the integration among core three dimensions (economic, environment and social) and how to enhance sustainability issue in supply chain management framework.

RESEARCH OBJECTIVES

SUSTAINABLE DEVELOPMENT CONTEXT

WHY WE NEED SUSTAINABLE DEVELOPMENT

According to the "Our Common Future Report" (WECD, 1987), the sustainable development (SD) concept was developed regarding a reorganization of a threatened future. Many regions face risks of irreversible damage to the human environment. Environmental stress has often seen as the result of the increasing growth of the population, technology growth and development, and the rising living standards of the affluent.

Growth of population

The impact of increasing growth of population can be seen as a growing demand on scarce resources, which including raw-material, fossil fuels, food, and other natural elements, and the poverty. An increasing amount of resource consumption is effect to the lack of resource for future generation. The poverty can be caused of an environmental pollution by destroying their environment in order to survive, e.g. cutting down the forests; overusing marginal land; in growing numbers they will crowd into congested cities. Moreover, a deficiency of basic needs management in the community of poverty people is one of the significant causes of communicable diseases and negative impacts to human health.

Technology growth and development

An increasing of growth and development of technology and industry is also impact to increasing number of resources. Moreover, much of the improvement in the past has been based on the creation of pollution by using hazardous chemicals, disposing of toxic wastes, and generated hazardous emission. These are caused by the greenhouse effect, depletion of atmosphere ozone, and lack of good-quality natural resources (air, water, soil, ocean, etc.).

The consequence of environmental pollution is negative impacts on both human health and ecosystem.

Rising of human living standards

Although to rising living standards of human can improve a quality of life and increasing a human well-being but in the other hand it leads to increase the amount of resource consumption i.e. raw-materials, food, energy, and natural resources as well. Consequently, future generation will face the scarce of resources. the negative impacts to human health, ecosystem distortion and the lacking of resources. An establishment of sustainable development concept begins with an environmental concern and its impacts to both human and environment. However, the conceptual of SD does not only prevent these negative impacts but also aims to enhance human resource capability which will be explained in the next section.

Human Resource Perspective

Role of human resource in sustainable development can be considered into two perspectives. In one hand, it can be considered just as numbers in term of population.

Increasing population growth rates affects to scare natural resources situation, as we have explained in section 2.1.1. In another hand, human resource can be considered as a society asset because people are a creative resource. To enhance that asset, people's physical wellbeing must be improved. Also, education must be provided to help them to become more capable and creative, skillful, and productive. However, dealing with managing population growth is out of scope of this research work. Thus, we consider human resource only in the asset of society perspective. Human resources in supply chain are the company's employees, customers, and people in the local community. To improve human well-being, supply chain managers should provide safety working condition for their employees, encourage an education to improve skill and knowledge, and ensure that company's activities will not affect negative impacts to health and safety of their customer and people in the local community.

SUSTAINABILITY IN THE INDUSTRIAL SECTOR

Despite a multi-discipline of sustainable development context, the UN has divided areas of policy direction into six areas which is shown in Figure 2.2: population and human resources, food security, species and ecosystems, energy, industry, and the urban challenge (United Nations (UN), 1987). This research is interesting only in sustainability for industry because this work aims to develop a performance measurement system for supporting the manufacturing supply chain. It is clearly that sustainability in the industrial sector involves with an increasing of resource utilization, reducing the quantity of waste, and taking into account of health, safety, and environmental impacts.

INTRODUCTION TO SSCM

From the 1990s, the research efforts focused to understanding the technical and operational considerations in the area of sourcing and remanufacturing of returned products (including production planning, scheduling and control, inventory management, and reverse logistics issues). Flesichmann et al (1997) focus on quantitative models of reverse logistics. They divide the reverse logistics activities into three areas, which are distribution planning, inventory control, and production planning. In 1999, Gungor and Gupta focus on environmentally conscious manufacturing and product recovery. Recycling and remanufacturing were addressed by Guidel et al. (1999), andGuide andVan Wassenhove (2002). Researchers concentrated their activities on the environmental aspects of supply chains, looking at the intra-organization of companies arising from research on supply chain management and green practices. The environmental aspects of supply chain management have been leading focus of research during 1991 -2000. To some degree, the term 'sustainability' and 'environment' have been used interchangeably, both in academic and industrial sector. However, during 2001 -2010, the perspectives have begun to converge, an increasingly understanding and application of the term sustainability as an intersection between three dimensions of the TBL [START_REF] Carter | Sustainable supply chain management: evolution and future directions[END_REF]. The social dimension was recognized as corporate social responsibility (CSR) over the last 10 years.

Since the 2000s, the interaction between sustainability and supply chain became critical (Corbett and Kleindorder, 2003). The research focus extended to various sustainability themes related to operational aspects; including concepts such as environmental management, reverse logistics, closed-loop supply chain, and product lifecycle management (PLM). While important contributions have been made in relation to a wide range of topics including environmental operations and policy, strategy, finance, product design, supplier relationships and customer management, it became critical to move forward to the systemic issues that exist at the intersection of sustainability, environmental management, and supply chains [START_REF] Linton | Vaidyanathan Sustainable supply chains: An introduction[END_REF]. The researchers were trying to develop the conceptual framework of green supply chain management (GSCM) and sSCM. The concept of GSCM has been developed by [START_REF] Sarkis | How green is the supply chain? Practice and research[END_REF]. After that, [START_REF] Zhu | Relationships between operational practices and performance among early adopters of green supply chain management practices in Chinese manufacturing enterprises[END_REF]; [START_REF] Zhu | Green supply chain management innovation diffusion and its relationship to organizational improvement: An ecological modernization perspective[END_REF][START_REF] Zhu | Green supply chain management in China: pressures, practices and performance[END_REF] have adopted this conceptual framework in an empirical researches on GSCM in China industry. [START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF] use conceptual theory building for setting the foundation of sSCM theory. The core of this conceptualization is Elkington's TBL: intersection of economic, environmental, and social performance. This framework provides guidelines for further theory development including in the area of performance measurement.

At the same time, several studies focused on analytical models to implement sustainability: practices ( [START_REF] Sarkis | How green is the supply chain? Practice and research[END_REF][START_REF] Zhu | Relationships between operational practices and performance among early adopters of green supply chain management practices in Chinese manufacturing enterprises[END_REF][START_REF] Zhu | Green supply chain management in China: pressures, practices and performance[END_REF], supplier selection [START_REF] Bai | Integrating sustainability into supplier selection with grey system and rough set methodologies[END_REF][START_REF] Hutchins | An exploration of measures of social sustainability and their application to supply chain decisions[END_REF][START_REF] Lee | A green supplier selection model for high-tech industry[END_REF][START_REF] Tseng | Evaluating firm's green supply chain management in linguistic preferences[END_REF], production (Veleva et al., 2001), and product lifecycle concept [START_REF] Seuring | Supply chain management for sustainable productsinsights from research applying mixed methodologies[END_REF][START_REF] Seuring | Industrial ecology, life cycles, supply chains: differences and interrelations[END_REF]. The analytical models are performed based on the conceptual framework of sustainability and/or sSCM. However, converting sustainability from conceptual framework to analytical models exists as research challenges. It was clear the matter was not only about models or tools aiming to analyze one (or more than one) sustainability dimension but to extend them to a new holistic view.

The sustainability studies about supply chains extended beyond the core of traditional supply chain management and tried to improve and refine concepts like product lifecycle extension, product end-of-life issues, environmental and social impacts in operational management across the supply chain. Consequently the sustainability performance measurement is one of the pillars to support achievement of sustainability implementation.

CONCEPTUAL FRAMEWORK

While sustainable supply chain management could have considered a hot topic in both of academic research and corporate practicable side but the limited implementation and integration between sustainable and supply chain management can be observed [START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF]Seuring et al., 2008;[START_REF] Teuteberg | A Systematic Review of Sustainable Supply Chain Management Research, in: Accounting and Information Systems University of Osnabriick[END_REF]. One possible reason for this is that sustainability is an immaterial value which eludes a precise mathematical definition or economic monitoring. In order to measure sustainability performance in supply chain, first we have to enhance the features in this issue. Therefore, a feature of the sustainability issue is clarified by analyzed conceptual frameworks of sustainable development and sustainable supply chain management (sSCM) [START_REF] Santiteerakul | Selecting Multiple Criteria Decision Aid for Measuring Sustainability Supply Chain Performance[END_REF].

There are various conceptual frameworks in sSCM but one of the most referred conceptual frameworks is the triple bottom line (TBL), which is proposed by [START_REF] Elkington | Cannibals with forks: the triple bottom line of 21st century business[END_REF] [START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF][START_REF] Mongsawad | Sufficiency Economy: A Contribution to Economic[END_REF][START_REF] Teuteberg | A Systematic Review of Sustainable Supply Chain Management Research, in: Accounting and Information Systems University of Osnabriick[END_REF] are derived base on the TBL model and adding business functions or support contributions for sSCM. According to the comparative of frameworks as shown in Table 2.1, the first group points out that economic, environmental and social dimension have an interrelation among sectors.

Considering only economic-environmental or economic-social sector cannot achieve sustainability goals. We cannot separate the impacts of human actions into distinct compartment. Thus, sustainable development will be an integrated of three dimensions with a relation among components.

Research Proposition 1: The term sustainability consists of three components which are economic, environmental and social dimension.

As the second group, sustainability in the supply chain management perspective does not focus only three dimensions but also others support components. A long-term perspective is enhanced in term of risk management, transparency, knowledge and morality conditions, and ethical issues.

Research Proposition 2: A long-term perspective should be taken into account for measuring sustainability performance in supply chain. Triple Bottom Line (TBL) (Elkington, 1998) The TBL consist of three components: the natural environment, society, and economic performance. At the intersection of all three components, there are activities that organizations can engage in which not only positively affect the natural environment and society, but also result in long-term economic benefits and competitive for the firm.

× × ×

Nested Model (Gidding, et al., 2002) This model presents The relationship between society, economy and environment. The nested model was formed based on the idea that all human activities occur in the environment. The economy or market activity is part of the society, and without it the economy cannot emerge. Placing the economy in the center does not mean that it should be seen as the hub around which the other sectors and activities revolve. Rather it is a subset of others and is dependent upon them. Human society depends on the environment although in contrast the environment would continue without society (Lovelock, 1988). The 'Nested' model rather than the TBL model encourages a conceptual outlook sympathetic to integration.

× × × Breaking Boundaries (Gidding, et al., 2002) This model based on the idea that all activities occurring in the society and the economy can be counted toward human activity and which contribute to people's well-being. Hence, the boundary between the society and the economy has been eliminated. These human activities have impacts on the environment. Of course, human well-being significantly depends on these interactions. This close relationship between the environment and humans is represented by the fuzzy boundary between the two. To achieve sustainable development, we cannot separate the environment from human activities. What humans have taken from the environment and have done to the environment will reflect on human well-being.

× × ×

TBL+4 facets (Carter andRoger, 2008) Carter et al. (2008) defined the sSCM which based on the TBL and the four supporting facets of sustainability -risk management, transparency, strategy, and cultured. Interrelationship among the four supporting facets is not intended to be entire mutually exclusive. They advocate that all four of these supporting facets are an integrated part of sSCM practices.

× × × × ×

House of sSCM [START_REF] Teuteberg | A Systematic Review of Sustainable Supply Chain Management Research, in: Accounting and Information Systems University of Osnabriick[END_REF] The three dimensions of sustainability are visualized here as pillars which are necessary to maintain balance. Risk and compliance management form the building's foundation. In order to achieve long-term profits, all the potential risks must be identified and mitigated. Laws, guidelines and standards serve as a starting point for the implementation of sustainability principles and practices along the supply chain. In addition, sSCM requires the establishment of values and ethics throughout the organization, an efficient, and flexible and "green" IT environment as well as the alignment of corporate strategy to sustainable development. If these measures are taken, they effectively protect the network against environmental and social threats and risks. Most of these compliances bring supply chain to sustainability.

× × × × × Sufficiency economy [START_REF] Mongsawad | Sufficiency Economy: A Contribution to Economic[END_REF] The three rings represent the three principles, which are moderation, reasonableness and self-immunity. The knowledge and morality content are two necessary conditions to achieve the three main principles. The knowledge condition requires a thorough study of all available information and experience in order to make prudent decisions. The morality condition stresses integrity, trustworthiness, honesty and the hard-work of individuals. By practicing Sufficiency Economy, people would live in harmony and with security in a sustainable society and environment; and they would be able to tolerate and cope with all kinds of malign impacts of globalization.

× × × ×

ECN: relating to economic perspective, ENV: relating to environmental perspective, SOC: relating to social perspective, LT: relating to the long-term development perspective, SCM: relating to supply chain management perspective

CHARACTERISTICS OF SSCM

The three dimensions categorization can explain SD context in philosophical level.

However, it does not provide many guidance on how these models should be implemented at company and supply chain level. [START_REF] Elkington | Cannibals with forks: the triple bottom line of 21st century business[END_REF] suggested that a business need to measure and report economic, social, and environmental business performance in order to achieve corporate sustainability. This requires an interpretation of economic, social, and ecological performance in order to investigate sustainability strategy and transfer to tactical and operational implementation. However, the complexity of sustainability in supply chain is due to the presence a large number of factors and interactions among these elements. The presence of direct or indirect related elements complicates the structure of the system. It becomes difficult to deal with such a system in which the structure is not clearly defined. Thus, it needs the process that transforms an unclear sustainability terminology into a visible and welldefined structure.

The supply chain management (SCM) concept has been introduced since 1980s. It has been used to describe the planning, and control of materials, information flows, and the logistics activities within the company and between companies [START_REF] Lambert | Supply Chain Management: Implementation Issues and Research Opportunities[END_REF].

The growing interest in SCM has led to the development of various definitions to describe its characteristics. The SCM focuses on managing flows of materials, services, and information in order to meet the needs of customers and stakeholders [START_REF] Lambert | Supply Chain Management: Implementation Issues and Research Opportunities[END_REF]. There is a clear emphasis on the need for coordination within and between firms [START_REF] Lambert | Supply Chain Management: Implementation Issues and Research Opportunities[END_REF][START_REF] Mentzer | Defining Supply Chain Management[END_REF]. [START_REF] Burgess | Supply chain management: a structured literature review and implications for future research[END_REF] identified the key themes in supply chain management as intra-and inter-organizational relationships, logistics process, information system, and business results and outcomes. Thus, the key characteristics of SCM may be expressed as: (1) flow focus, (2) coordination focus, (3) stakeholder focus, (4) intra-and inter-organizational processes, and (5) performance focus.

The performance focus of sSCM can be considered as a sustainability performance in supply chain. The conceptual frameworks of sSCM enhance an integration of TBL and long-term perspective as key components of the sustainability issue. Sustainability in a corporate and supply chain context should focus on these two components. Moreover, the sustainability drivers are pressed by stakeholder needs [START_REF] Dyllick | Beyond the business case for corporate sustainability[END_REF].

Hence the key characteristics of sustainability may be expressed as (1) economic focus,

(2) environmental focus, (3) social focus, (4) long-term focus, (5) stakeholders focus.

In order to understanding sustainability characteristics (integrating at least environmental or social performance with economic performance) in supply chain management, the exploration of definition of corporate sustainability, GSCM, and sSCM are provided. The definitions of business sustainability are shown in [START_REF] Deloitte | Business strategy for sustainable development: leadership and accountability for the '90s[END_REF] Adopting business strategies and activities that meet the needs of the enterprise and its stakeholders today while protecting, sustaining and enhancing the human and natural resources that will be needed in the future. [START_REF] Figge | The Sustainability Balanced Scorecardlinking sustainability management to business strategy[END_REF] An improvement of corporate performance in all three dimensions of sustainability -economic, environmental, and social-simultaneously. [START_REF] Dyllick | Beyond the business case for corporate sustainability[END_REF] Corporate sustainability can accordingly be defined as meeting the needs of a firm's direct and indirect stakeholders (such as shareholders, employees, clients, pressure groups, communities, etc.) [START_REF] Sikdar | Sustainable development and sustainability metrics[END_REF] Business strive to be sustainability by practicing cleaner technologies, recycling by-products, eliminating waste products, reducing emissions of GHGs, eliminating the use of toxic substances, and reducing energy intensity of processes. [START_REF] Marrewijk | Concepts and Definitions of CSR and Corporate Sustainability: Between Agency and Communion[END_REF] Corporate sustainability refers to company activities -voluntary by definition-demonstrating the inclusion of social and environmental concerns in business operations and interactions with stakeholders. Szekely and Knirsch, 2005 Sustainability is about building a society in which a proper balance is created between economic, social and ecological aims.

Table 2.3 Definitions of green supply chain management (GSCM)

Source Definition [START_REF] Handfield | Green‖ value chain practices in the furniture industry[END_REF] Application of environmental management principles to the entire set of activities across the whole customer order cycle, including design, procurement, manufacturing and assembly, packaging, logistics, and distribution. [START_REF] Zhu | Green supply chain management in China: pressures, practices and performance[END_REF] Green Purchasing + Green Manufacturing/Materials Management + Green Distribution/Marketing + Reverse Logistics [START_REF] Srivastava | Green supply-chain management: A state-of-the-art literature review[END_REF] Integrating environmental thinking into supply-chain management, including product design, material sourcing and selection, manufacturing processes, delivery of the final product to the consumers as well as end-of-life management of the product after its useful life. [START_REF] Lee | Drivers and Enablers That Foster Environmental Management Capabilities in Small-and Medium-Sized Suppliers in Supply Chains[END_REF] A buying organization's plans and activities that integrate environmental issues into supply chain management in order to improve the environmental performance of suppliers and customers [START_REF] Wee | Optimal replenishment policy for a deteriorating green product: Life cycle costing analysis[END_REF] Integration of environment considerations into supply chain management, including product design, material sourcing and selection, manufacturing processes, delivery of the final product to the consumers, and end-of-life management of the greening products. [START_REF] Sarkis | An organizational theoretic review of green supply chain management literature[END_REF] Integrating environmental concerns into the inter-organizational practices of SCM including reverse logistics. The means by which companies manager their social responsibilities across dislocated production processes spanning organizational and geographical boundaries. [START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF] The strategic, transparent integration and achievement of an organization's social, environmental, and economic goals in the systemic coordination of key inter-organizational business processes for improving the long-term economic performance of the individual company and its supply chains Seuring and Muller, 2008 The management of material, information and capital flows as well as cooperation among companies along the supply chain while taking goals from all three dimensions of sustainable development i.e. economic, environmental and social, into account which are derived from customer and stakeholder requirements. Seuring 2008 The integration of sustainable development and supply chain management by merging these two concepts, environmental and social aspects along the supply chain have to be taken into account, thereby avoiding related problems, but also looking at more sustainable products and processes. [START_REF] Ciliberti | Investigating corporate social responsibility in supply chains: a SME perspective[END_REF] The management of supply chain where all the three dimensions of sustainability, namely the economic, environmental, and social ones, are taken into account. [START_REF] Font | Sustainable supply chain management in tourism[END_REF] Adding sustainability to existing supply chain management processes, to consider environmental, social and economic impacts of business activities. [START_REF] Pagell | Building a More Complete Theory of Sustainable Supply Chain Management Using Case Studies of 10 Exemplars[END_REF] The specific managerial actions that are taken to make the supply chain more sustainable with an end goal of creating a truly sustainable chain. [START_REF] Haake | Sustainable procurement of minor items -exploring limits to sustainability[END_REF] The set of supply chain management policies held, actions, taken, and relationships formed in response to concerns related to the natural environment and social issues with regard to the design, acquisition, production, distribution, use, reuse, and disposal of the firm's goods and services. [START_REF] Wolf | Sustainable Supply Chain Management Integration: A Qualitative Analysis of the German Manufacturing Industry[END_REF] The degree to which a manufacturer strategically collaborates with its supply chain partners and collaboratively manages intra-and interorganization processes for sustainability.

Theses definitions are analyzed in term of five characteristics of SCM and five characteristics of the sustainability issue. However, the intra-and inter-organizational business processes and the sub-dimension of each bottom line will be extracted in order to make a clearly defined on the sustainability terminology. a Flow focus: The definition includes language related to the flows of materials, services, or information. Reference to the supply chain management is considered to implicitly refer to this area. b Coordination focus: The definition includes reference to coordination within or between organizations. Reference to the supply chain management is considered to implicitly refer to this area. c Stakeholder focus: The definition includes explicit reference to stakeholder, including customers, suppliers, consumers. d Intra/Inter-organizational processes: The definition includes intra-and inter-organizational processes, including business processes, reverse logistics, end-of-life management e Performance focus: The definition includes reference to performance, including applying performance measure, improving performance and achieving goals. f Highlighted of intra/inter-organizational processes: The definition enhances key intra-or interorganizational processes. In the definitions for GSCM and sSCM, the analysis results of SCM characteristics are shown in Table 2.5. found that the most commonly addressed SCM characteristics are coordination focus, flow focus, and intra-and inter-organizational processes. The coordination focus was addressed in 14 (93%) definitions, while flow focus and intraand inter-organizational processes each were appeared in 10 (67%) definitions. The coordination and flow characteristics were addressed implicitly through the use of terms "supply chain management" in definitions. The highlighted of intra-organizational processes commonly respect to flow of material from product design, sourcing/purchasing, production, and delivery or distribution. The inter-organizational processes in GSCM and sSCM extend beyond traditional supply chain by considering reverse logistics and product's end-of-life management. Of the remaining of SCM characteristics, four (27%) of the definitions addressed the performance focus.

The results of definition analysis in term of sustainability or green characteristics are shown in Table 2.6. In the published definition of GSCM, all of the definitions were addressed only environmental dimension. The focus on environmental issues was to be expected given the nature of term "GSCM", which clearly emphasizes this dimension of sustainability.

Some of definitions addressed the long-term focus and stakeholder focus categories.

Three (50%) of definitions demonstrated some focus on the long-term perspective.

Srivastava, (2007) and [START_REF] Wee | Optimal replenishment policy for a deteriorating green product: Life cycle costing analysis[END_REF] indicated long-term focus through product's end-of-life management. While [START_REF] Sarkis | An organizational theoretic review of green supply chain management literature[END_REF] referenced this through reverse logistics. Only three (33%) definitions demonstrated focus on stakeholders. The stakeholders that were mentioned included consumers [START_REF] Srivastava | Green supply-chain management: A state-of-the-art literature review[END_REF][START_REF] Wee | Optimal replenishment policy for a deteriorating green product: Life cycle costing analysis[END_REF], suppliers, and customers [START_REF] Lee | Drivers and Enablers That Foster Environmental Management Capabilities in Small-and Medium-Sized Suppliers in Supply Chains[END_REF]).

An analysis of corporate sustainability and sSCM definitions found that although all three dimensions of TBL were explicitly addressed, they were not present in all suggested definitions. Nine (60%) of corporate sustainability and sSCM definitions were addressed all three dimensions of TBL. While four (27%) were addressed environmental and social focus [START_REF] Deloitte | Business strategy for sustainable development: leadership and accountability for the '90s[END_REF][START_REF] Haake | Sustainable procurement of minor items -exploring limits to sustainability[END_REF][START_REF] Marrewijk | Concepts and Definitions of CSR and Corporate Sustainability: Between Agency and Communion[END_REF]Seuring et al., 2008). [START_REF] Jorgensen | Sustainable competitiveness in global value chains: how do small Danish firms behave?[END_REF] were the only authors that focus in only social dimension. [START_REF] Sikdar | Sustainable development and sustainability metrics[END_REF] was the only author that focused in only environmental dimension. The focus on the long-term perspective was addressed by three definitions [START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF][START_REF] Deloitte | Business strategy for sustainable development: leadership and accountability for the '90s[END_REF][START_REF] Sikdar | Sustainable development and sustainability metrics[END_REF]. Seven (47%) definitions addressed the stakeholder focus characteristics.

Stakeholders were broadly referred to in three definitions, while the others mentioned suppliers, customers.

The highlighted sub-dimension of triple bottom line would help researchers or manager in narrow focus in order to implement sustainability practices in supply chain.

Unfortunately, only two definitions (9%) indicated some sub-dimension of TBL. Deloitte and Touche, (1992) referred human resources in the social dimension and natural resources in environmental dimension. [START_REF] Sikdar | Sustainable development and sustainability metrics[END_REF] who focused only environmental dimension indicated cleaner technologies, waste, greenhouse gas (GHG) emission, toxic hazardous, and energy as related issues in sustainability. Other authors were broadly addressed the sustainability dimensions respect to the TBL.

It is clearly that the sustainability terminology is still broadly and poorly defined in order to achieve in company or supply chain level. The well-defined of sub-dimension or categories in each TBL dimension is one of the challenges in sSCM research field. This thesis will fulfill this gap by developing conceptual framework which transforms the TBL philosophy into strategic, tactical, and operational level of implementation.

Research Proposition 3: The terminology of "sustainability" should be defined in order to translate the philosophy into strategic, tactical, and operational level for companies.

MANAGING SUSTAINABILITY IN INDUSTRIAL SECTOR

In the field of sSCM academic research, several ideas are adopted to address sustainability in the industrial sector e.g. product lifecycle, green supply chain, sustainable supply chain, industrial ecology. [START_REF] Seuring | Industrial ecology, life cycles, supply chains: differences and interrelations[END_REF] enhanced that the concepts of lifecycle management (LCM), environmental supply chain management (ESCM), and sSCM relate to an integration of company strategies and business activities to achieve environmental (or sustainable) performance. The difference point of these two concepts is LCM emphasizes environmental and/or social impacts of products during each product life-cycle phase (design, manufacturing, use, and disposal). Meanwhile, ESCM and sSCM emphasize the managerial on business processes and collaboration with company's network. Hence, this thesis divides the sustainability management in business into two aspects, i.e. product [START_REF] Beamon | Sustainability and the future of supply chain management[END_REF]Seuring and Müller, 2008;[START_REF] Seuring | Supply chain management for sustainable productsinsights from research applying mixed methodologies[END_REF][START_REF] Seuring | Industrial ecology, life cycles, supply chains: differences and interrelations[END_REF] and process [START_REF] Clark | Evolution of the global sustainable consumption and production policy and the United Nations Environment Programme's (UNEP) supporting activities[END_REF][START_REF] Dyllick | Beyond the business case for corporate sustainability[END_REF][START_REF] Epstein | Sustainability in action: Identifying and measuring the key performance drivers[END_REF] [START_REF] Clark | Evolution of the global sustainable consumption and production policy and the United Nations Environment Programme's (UNEP) supporting activities[END_REF][START_REF] Dyllick | Beyond the business case for corporate sustainability[END_REF][START_REF] Epstein | Sustainability in action: Identifying and measuring the key performance drivers[END_REF] point of view. 

SUSTAINABILITY IN PRODUCT POINT OF VIEW

Sustainability in product point of view is focusing on economic, environmental, and social performance of product lifecycle. The pressure from regulations, laws and standards drives companies to take environmental impacts into account. For example, the European Union (EU) has adopted three main regulatory instruments in order to improve the environmental lifecycle performance of electrical and electronic equipment (EEE): the EuP, RoHS and WEEE Directives. The WEEE and RoHS Directives deal mainly with waste and hazardous substances, hence, components and material of products should be designed to comply with the reuse/recycle/recovery conditions in WEEE and the use of hazardous substances in RoHS. Meanwhile EuP is wider in scope and has the potential to regulate the number of lifecycle-related impacts and provide producers with incentives for ecodesign. Moreover, there are other directives that related to product point of view such as the Energy label and the European Eco-label.

The concepts of lifecycle assessment (LCA), product lifecycle management (PLM), extended product lifecycle responsibility (EPR), and product end-of-life (EOL) are adopted to manage or assess sustainability performance of products [START_REF] Beamon | Sustainability and the future of supply chain management[END_REF][START_REF] Seuring | Industrial ecology, life cycles, supply chains: differences and interrelations[END_REF]. In practical, there are various standards and guidelines which help companies to implement these concepts in sustainability assessment as follow: etc. in term of product impacts because these issues are more relate to management approach of the company than the sustainability of the products. Hence, these social issues should be taken into account in the process point of view, which will be explained in the next section.



SUSTAINABILITY IN PROCESS POINT OF VIEW

Sustainability in the process point of view is focusing on business activities of companies and its network. This view interests in how companies manage or integrate sustainable development concept into their strategies and how companies implement sustainability practices in their business activities. According to [START_REF] Clark | Evolution of the global sustainable consumption and production policy and the United Nations Environment Programme's (UNEP) supporting activities[END_REF], process-oriented strategies can effectively reduce the environmental impact associated with product design and manufacturing. The concept of corporate social responsibility (CSR), green supply chain management (GSCM), sustainable supply chain management (sSCM), reverse logistics, cleaner production, close-loop supply chain are adopted in this point of view.

Business processes in supply chain management can be divided regarding flow of material. [START_REF] Sarkis | How green is the supply chain? Practice and research[END_REF] defined the supply chain as a system that includes purchasing and inbound logistics, production and distribution (outbound logistics and marketing), and reverse logistics. The Supply Chain Operations Reference (SCOR) model [START_REF] Scc | SCOR: The Supply Chain Operations Reference Model version 10[END_REF][START_REF] Scc | SCOR: The Supply Chain Operations Reference Model version9[END_REF] Even though, the purpose of sustainable development is to integrate environmental and social issues into economic development but an implementation of the social dimension has not received due attention in sSCM [START_REF] Gunasekaran | Sustainability of manufacturing and services: Investigations for research and applications[END_REF]Seuring and Müller, 2008). Thus, this research includes the GSCM concept into the analysis in order to extract sustainability practices of supply chain in environmental issue. [START_REF] Sarkis | How green is the supply chain? Practice and research[END_REF] proposed significant practices in GSCM associated with purchasing and inbound logistics, production and distribution, and reverse logistics. [START_REF] Zhu | Relationships between operational practices and performance among early adopters of green supply chain management practices in Chinese manufacturing enterprises[END_REF] and [START_REF] Zhu | Green supply chain management innovation diffusion and its relationship to organizational improvement: An ecological modernization perspective[END_REF] modified Sarkis's model and enhanced an important of eco-design for a GSCM practices.

The research works associated with sSCM are discussed here. [START_REF] Zailani | Sustainable supply chain management (SSCM) in Malaysia: A survey[END_REF] From literatures, we found that companies can implement sustainability practices in respect of business process (or activity). The product/process design and development activity are enhanced as a significant issue for GSCM and sSCM and it grows significantly in the academic field of the sustainable product development as it is already discussed in section 2.5.1.

Reverse logistics incorporates the return of materials, components and products, which resulting from reuse, recycling, or disposal with minimization of waste, back into the forward logistics. This issue is taken sustainability practices into account for a closeloop supply chain [START_REF] Gunasekaran | Sustainability of manufacturing and services: Investigations for research and applications[END_REF]. Research issues in reverse logistics include logistics network design, inventory management, and product design for disassembly [START_REF] Sarkis | How green is the supply chain? Practice and research[END_REF]. Nonetheless, this thesis does not focus on close-loop supply chain or end-of-life phase. Hence, the reverse logistics activity is not included in the proposed model.

In practical term, mangers can adopt existing standards and guidelines associated to sustainability issues for managing sustainability performance in the companies as follow:

 

STANDARDS AND GUIDE LINES RELATED TO SUSTAINABILITY ISSUES

For using management system (MS), the most widely implemented are the ISO standards. The MS which relate to sustainable supply chain management can be grouped into three categories following the TBL concept:

(1) quality management system (e.g. ISO 9001:2000, ISO 9004: 2000, ISO 31000: 2009, ISO 28000: 2007) which relate to economic performance),

(2) environmental management system (e.g. ISO14001, ISO14004, ISO14301) which relate to environmental performance,

(3) standards relate to social performance which are work health and safety (WHS)

management system (e.g. OHSAS18001, and AS/NZS 4801:2001) and corporate social management system (e.g. ISO26000, SA8000, AA1000).

This thesis divides management systems that involve sustainability and supply chain context into three groups following sustainable dimensions: economic, environmental and social [START_REF] Santiteerakul | Selecting Multiple Criteria Decision Aid for Measuring Sustainability Supply Chain Performance[END_REF]. Category of sustainable dimension and management systems are illustrated in Table 2.9

Organizations do not directly evaluate sustainability performance through these management systems but they can adopt and integrate sustainable development concept through these management systems. These management systems include standard and guideline requirements from existing management systems.

All of the management systems use PDCA principle even do not provide performance metrics and indicators but organizations are required to establish and maintain procedures to monitor and measure their performance in Check and Action phase (except ISO 14301, which is a standard that gives guidance on the design and use of environmental performance evaluation (EPE). Moreover, these MS provide organization know 'how' to manage and improve their performance. Accountability, an international organization based in the UK that encourages ethical behavior in business and is based on assessment of reports against three assurance principles: materiality, completeness, and responsiveness. The standard is designed to complement the GRI. The series and framework was developed to help users to improve accountability and performance by learning through stakeholder engagement.

ISO 26000 is the guidance on social responsibility. This standard offers guidance on socially responsible behavior and possible actions; it does not contain requirements and is not certifiable. ISO 26000 provide seven core subjects for corporate social responsibility which are: organizational governance, human rights, labor practices, fairs operating and practices, environment, customer issues, and community involvement and development. This standard does not provide metrics for core subjects but provide a guideline to organization how to adopt each core subject to their organization.

All these management systems based on PDCA principles and organizations can adopt sustainability management through MS but they have to implement at least three management systems to complete all three dimension. Nevertheless, adopt at least three management systems cannot reflect sustainability performance of organization because they do not integrate these MSs into the same system. However, implementing management system helps the organization to learn how to manage and improve their performance and it is a basic approach to implementing sustainability or others concept management to organization.

PERFORMANCE MEASUREMENT SYSTEM

Performance measurement is defined as the process of quantifying effectiveness and efficiency of action [START_REF] Neely | Performance measurement system design: A literature review and research agenda[END_REF]. Effectiveness is the extent to which customers' requirements are met while efficiency measures how economically a firm's resources are utilized when providing a pre-specified level of customer satisfaction. Performance measurement systems are described as the overall set of metrics used to quantify both the efficiency and effectiveness of action. [START_REF] Neely | Performance measurement system design: A literature review and research agenda[END_REF] categorized performance measurement system into three levels: the individual metrics; the set of measures or performance measurement as an entity; and the relationship between the measurement system and the internal and external environment in which it operates. Some of the principal considerations they offered for analyzing performance measurement systems are illustrated in Table 2.10. Have all the appropriate elements (internal, external, financial, nonfinancial) been covered? Have measures that relate to the rate of improvement been introduced? Have measures that relate to the long-term and short-term objectives of the business been introduced? Have the measures been integrated, both vertically and horizontally? Do any of the measure conflict with one another?

Relationship with internal and external environments

Do the measures reinforce the firm's strategy? Do the measures match the organizational culture? Are thy consistent with the recognition and reward structure? Do some measures focus on customer satisfaction? Do some measures focus on what the competition is doing? Source: content abridged from [START_REF] Neely | Performance measurement system design: A literature review and research agenda[END_REF] [START_REF] Neely | Performance measurement system design: A literature review and research agenda[END_REF] identified a number of approaches to performance measurement, including: the balanced scorecard (BSC) (Kaplan and Norton 1992); the performance measurement matrix (Keegan et al. 1989); performance measurement questionnaires (Dixon et al. 1990); criteria for measurement system design (Globerson 1985); and, computer aided manufacturing approaches. Rather than performance measurement frameworks, other authors preferred to provide criteria for performance measurement system design. The suggested performance measurement criteria from Globerson (1985); Maskell (1989), for example, are as follows:

 Performance criteria must be chosen from the company's objectives  Performance criteria must make possible the comparison of organizations which are in the same business  The purpose of each performance criterion must be clear  Non-financial measures should be adopted  The measures should be simple and easy to use  The measures should provide fast feedback  The measured should be designed so that the stimulate continuous improvement rather than simply monitor

The overview of performance measurement provided by [START_REF] Neely | Performance measurement system design: A literature review and research agenda[END_REF] has been widely cited in recent research into supply chain performance measurement systems and metrics [START_REF] Beamon | Measuring supply chain performance[END_REF]Beamon and Chen 2001;[START_REF] Gunasekaran | Performance measures and metrics in a supply chain environment[END_REF][START_REF] Seuring | Industrial ecology, life cycles, supply chains: differences and interrelations[END_REF], Shepherd and Günter 2006).

Because of the complexity of supply chains, collating and delineating performance metrics is a difficult task (Shephard and Günter 2006). Many researchers attempted to systematically collate measures for evaluating the performance of supply chains.

Moreover, there is a disputation over the most appropriate way to categorize them. For example, they have been grouped according to:

 Whether they are qualitative or quantitative [START_REF] Beamon | Measuring supply chain performance[END_REF][START_REF] Chan | An innovative performance measurement method for supply chain management[END_REF]  What they measure: cost and non-cost [START_REF] Gunasekaran | Performance measures and metrics in a supply chain environment[END_REF]; quality, cost, delivery, and flexibility (Schonsleben 2004); cost, quality, resource utilization, flexibility, visibility, trust and innovativeness [START_REF] Chan | An innovative performance measurement method for supply chain management[END_REF]; resources, outputs and flexibility [START_REF] Beamon | Measuring supply chain performance[END_REF]; supply chain collaboration efficiency and configuration (Hieber 2002); and, input, output and composite measures [START_REF] Chan | An innovative performance measurement method for supply chain management[END_REF]  Their strategic, operational or tactical focus [START_REF] Gunasekaran | Performance measures and metrics in a supply chain environment[END_REF]  The process in the supply chain they relate to (e.g. [START_REF] Chan | An innovative performance measurement method for supply chain management[END_REF]Huang et al. 2004;Stepherns 2001)  The critical issues of supply chain performance measurement are:

 Lack of considering supply chain relationships and the supply chain as a whole (Lambert and Pohlen, 2001). However, the management of the entire supply chain performance is indeed very difficult and, may be, not in existence (Wong and Wong 2007; Banomyong and Supan 2010).

 The paucity of qualitative metrics and non-financial measures of innovativeness and customer satisfaction should be also addressed.

 Human resource management and modern manufacturing practices should be included into supply chain performance measurement system design  The factors influencing the success or failure of attempt to implement measurement systems for supply chain should be investigated  Treating measurement systems as dynamic entities that respond to environmental and strategic changes

MEASURES, METRICS, AND INDICATORS

In order to assess performance of interesting things (e.g. activities, processes, products, services) adequate measurement instruments are required. From literature on performance measurement in supply chain, the use of terms: "performance measures", "performance metrics", and "performance indicators" has gained in important in this research field. Various works use these three terms interchangeably. [START_REF] Neely | Performance measurement system design: A literature review and research agenda[END_REF] uses the term "performance measures", which is defined as a metric used to quantify the efficiency and/or effectiveness of the action, in their work to explain the performance measurement system (PMS) design. [START_REF] Beamon | Measuring supply chain performance[END_REF] uses the term "performance measures" in his work to evaluate supply chain performance. He proposes a universal framework for the selection of performance measures, which are categorized into three types i.e. resources, output, and flexibility, for supply chain systems. [START_REF] Chan | An innovative performance measurement method for supply chain management[END_REF] use the term "performance measures" in their method for measuring supply chain management performance. [START_REF] Gunasekaran | Performance measures and metrics in a supply chain environment[END_REF] use the terms "performance measures and metrics" in their works to proposed a framework for respectively measuring the performance from strategic, tactical, and operational levels in supply chain. [START_REF] Gunasekaran | Performance measures and metrics in logistics and supply chain management: a review of recent literature (1995-2004) for research and applications[END_REF] have reviewed performance measures and metrics in SCM and address 27 key performance measures and metrics which cover all decision level. Meanwhile the term "performance indicator" is used in ISO14031 for measuring environmental management performance and using in GRI for evaluating organization's sustainability performance. The performance indicator is defined as a specific expression that provides information about organization's performance.

From the above literature review, it seems that the terms measures, metrics, and indicators can be used interchangeably for assessing the efficiency and/or effectiveness of interesting things. However there are available works that enhance the differences definition among these three terms. Although [START_REF] Neely | Performance measurement system design: A literature review and research agenda[END_REF] uses the term performance measure in his PMS, but he explains the term "metric" that refers to the formula, definition of the measure, how it will be calculated, who will be carrying out the calculation, and form where the data will be obtained. The main difference between measure and metric is that the metric embodies additional information about the referent. For example, companies may use defects rate as a performance metric which consists of two measures i.e. number of defects and total input items. In some case performance metric and measure can be the same variable, for example, companies may use energy cost to reflect the environmental performance. In this case performance metric consists of one measure that is energy cost of the company.

Gladen ( 2005), which is cited by Samsonova ( 2012), states that indicator provides not only quantitative information but also an alternate parameter, whose characteristic or variation allows the inferring of another parameter that is considered to be important.

With this explanation, performance indicator contains more information to express performance than metric and/or measure. Samsonova (2012) analyzes and enhances the difference of measures, metrics, and indicators definition (as shown in Table 2.11). In this thesis, the definitions of performance measure, metric, and indicator are in regards to Samsonova's definitions. In order to assess sustainability performance of SCM, decision maker should identify performance indicators in each sustainability criterion.

Each indicator consists of a set of metrics that used to quantify the efficiency and/or effectiveness of processes, activities, or actions. The performance indicators can be quantitative or qualitative variables. An important issue is how to define performance metrics with measurement method.

LEADING AND LAGGING INDICATORS

Measuring sustainability performance is complicated by its multi-dimensional nature and due to the wide range of reporting practices for environmental, social and corporate governance risks. Companies tend to measure and report their sustainability results

with the idea that these measurements provide an indication of their sustainability performance. The outcomes reported are referred as performance indicators which called lagging indicators. For example, economic performance can be evaluated by using sales, revenues, profit, or market share as outcome indicators. Environmental performance can be evaluated by measuring material consumption, energy (electricity, fuel, gas) consumption, CO2 emission, or total weight of waste, etc. And social performance can be evaluated by using total workforce of employee, rate of injury or occupational disease, average hours of training per employee per year, total number of business units analyzed for risks related to corruption, etc.

Although lagging indicator is useful for benchmarking with historical period or with other companies. But it does not provide enough information to guide future actions.

Pojasek ( 2009) addresses that lagging indicator may not be sufficient to address sustainability practices because of there is a time delay between actions we take and the outcomes that result, the outcomes rates may not provide adequate feedback for effective management of processes, and outcomes may be the result of many factors hence it may not provide useful information to improve performance. In addition, because of sustainability concept involves with intangible assets such as quality of life, human rights, human knowledge, and consumption attitude. It is difficult to evaluate outcome performance of these assets. It is more convenience to evaluate management practices on intangible assets instead.

There is another type of indicator, called leading indicator, which provide information of how companies take actions on their interesting issue. Leading indicators provide information to predict outcomes of activities and can be used to monitor the effectiveness of control systems and give warning of any weaknesses before problems appear. Thus leading indicators should be considered to raise a more proactive and preventive approach to sustainability. For example, the work-related injury rate is a lagging measure of health and safety management efficiency, which is a leading indicator in social performance. Szekely and Knirsch (2005) review sustainability report of 20 companies in Germany. They found that most organizations focus on lagging indicators to manage their sustainability performance. They suggest using leading indicators for risk prevention and performance improvement.

EXISTING APPROACHES TO MEASURE SUSTAINABILITY PERFORMANCE

Organization sustainability is a new area of study and many researchers have tried to clearly define the sustainability terminology. Most researchers do not provide definitions but attempt to explain what companies are supposed to do to achieve sustainability [START_REF] Bourne | The success and failure of performance measurement initiatives: Perceptions of participating managers[END_REF][START_REF] Coelho | Sustainability evaluation management system model for individual organization and supply chain[END_REF]. But focusing only on organization sustainability is not enough because organizations become more dependent on their supply chains and/or networks -hence the rise of research exploring the issue of sustainability in supply chain [START_REF] Beamon | Measuring supply chain performance[END_REF][START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF].

There are various approaches for measuring, monitoring and assessing an organization's progress towards sustainability e.g. using standards and codes, sustainability indicators, metrics for sustainability performance. The approaches, which organizations used to evaluate their sustainability performance, can be grouped into three groups:

 Using performance measurement system (PMS) model as a tool for evaluating sustainability performance.

 Using reporting systems as guideline for evaluating sustainability performance  Using multi-criteria decision making approach

USING PERFORMANCE MEASUREMENT SYSTEM (PMS)

There are various PMS model as a tool for evaluating organization performance and the best-known ones such as the BSC (Kaplan and Norton, 1996) or the EFQM Excellence Model (EFQM, 2010). Mainly geared towards measuring autonomous entities (companies, subsidiaries, business units, etc.), these models did not take the complexity 2008). Green SCOR provides a framework for structuring and communicating environmental supply chain management programs and also includes risk management processes, practices, and performance indicators.

2. Developing new sustainability performance metrics for organization level such as eco-efficiency (WBCSD), specific sustainability indicators [START_REF] Delai | Sustainability measurement system: a reference model proposal[END_REF] or supply chain level such as Lowell Center for sustainable production (LCSP) indicator [START_REF] Veleva | Indicators of sustainable production: framework and methodology[END_REF].

REPORTING SYSTEMS

The Global Reporting Initiative (GRI) (Global Reporting Initiative -GRI 2002;Jung et al. 2001;Pojasek 2001) is example of performance reporting used as a framework by organizations for sustainability performance measurement. GRI is built over the bottom line approach [START_REF] Coelho | Sustainability evaluation management system model for individual organization and supply chain[END_REF]. About 68 percent of the Global 250 firms generated a separate annual sustainability report in 2004 that considered environmental, social, and economic issues. In addition 80 percent of these reports discuss supply chain-related issues [START_REF] Carter | A framework of sustainable supply chain management: moving toward new theory[END_REF].

There are 6 performance aspects in GRI report systems: economic, environmental, labor practices and decent work, human rights, society, and product responsibility. GRI provides performance indicators in term of quantitative and qualitative in each aspect.

Though organizations cannot complete all of indicators item of GRI because there is a large number of indicators in this report guideline (6 performance aspects, 34 metrics, 84 indicators and more than 100 sub-indicators), but it has emphasized that the GRI report approach is the best one available for companies that want to report according to sustainability principles [START_REF] Coelho | Sustainability evaluation management system model for individual organization and supply chain[END_REF].

The criticisms of GRI are: the approach gives conditions to organizations to know 'what' to do but not 'how' to develop reporting process (Byren et al. 2002;Pojasek 2001), organizations cannot justify its use if they do not interconnect the GRI report with their performance evaluation and management system [START_REF] Coelho | Sustainability evaluation management system model for individual organization and supply chain[END_REF], there are no examples of integrated metrics (Hussey et al. 2001)

USING MULTI-CRITERIA DECISION MAKING APPROACH

The multi-criteria decision approach provides decision makers with the possibility to understand the trade-off between different aspects of sustainable dimension on the supply chain management. In this approach the sustainability performance is measured in order to support the decision making in supply chain problems. For this topic, we use the proposed model from [START_REF] Erol | A new fuzzy multi-criteria framework for measuring sustainability performance of a supply chain[END_REF] and [START_REF] Singh | Development of composite sustainability performance index for steel industry[END_REF]proposed as an example to analyze characteristics of sustainability performance. 

COMPARATIVE ANALYSIS OF EXISTING APPROACHES

This section introduces the comparative analysis of the existing approaches to measure sustainable supply chain performance. We categorized the existing approaches into four categories, which are using performance measurement system model, reporting system and other approaches.

COMPARATIVE FRAMEWORK

This section used a performance measurement system consideration design from [START_REF] Neely | Performance measurement system design: A literature review and research agenda[END_REF] as a framework for analyzing four categories of existing performance measurement system (using MS, PMS, reporting system and others approaches) in a context of sustainable supply chain management. Performance metrics and indicators are defined and categorized in an individual performance measures level. The key dimensions of manufacturing's performance can be defined in terms of quality, delivery speed, delivery reliability, price (cost), and flexibility [START_REF] Neely | Performance measurement system design: A literature review and research agenda[END_REF]. However there is more complex metrics in term of supply chain management performance and sustainability performance because supply chain does not focus only manufacture entity but covers others all of entities since upstream to downstream such as transporter, distributor, retailer, and customer entities. Researchers attempted to categorize group of supply chain performance metrics. Existing supply chain performance measurement systems have different characteristics both in term of group of metrics and methodology.

Moreover, to measure sustainability performance of supply chain makes performance metrics categorization more complicate.

Thus structure of sustainability performance metrics is analyzed. In addition, some existing PMS provided indicators for sustainability metrics. Type of an indicator was analyzed in term of quantitative and qualitative indicators. Reflection of indicators was be analyzed in term of leading or lagging indicators.

The second level, performance measurement systems, analyzed balancing between financial and non-financial, and short-term and long-term performance. Moreover, supply chain maturity was analyzed to measure scope of supply chain performance consideration. Supply chain maturity categorized into organization, partnership and whole supply chain level.

Relationship with internal and external environment has been considered organization or supply chain performance with internal environment, which defined as organization's strategies and cultures, and external environment, which consists of two elements: customer and competitor. Some existing model formulated performance metrics from organization's strategy thus relation between strategy and performance metrics was considered as a relationship between PMS model and internal environment. Some existing model can reflects customer's satisfactions or can benchmark performance with others competitors thus the relationship between performances attribute with customer and competitor was analyzed in this level. Analysis issues of three levels performance measurement system are summarized in Table 2.12 Table 2.12 Analysis issues by PMS level

Level Analysis Issues

Individual performance measures

Categorization of sustainability criteria Type of indicators (quantitative and qualitative) Reflection of indicators to performance aspect (leading or lagging indicator)

Performance measurement systems

Balanced between financial and non-financial aspects, short-term and long-term. Balanced between economic, environmental, and social dimension Supply chain maturity level (organization, partnership, whole supply chain)

Relationship with internal and external environments

Related with organization and/or supply chain strategy Link between performance attribute with customer satisfaction or competitor performance

COMPARATIVE ANALYSIS

A) Performance Measurement System Models

According to two solutions for using PMS model as a tool for evaluating sustainability performance. First solution is integrating or adding sustainability aspect into existing PMS model, which are SBSC [START_REF] Figge | The Sustainability Balanced Scorecardlinking sustainability management to business strategy[END_REF] and SCOR 9.0 and GreenSCOR model.

Second solution is develop new sustainability performance metrics, which are ecoefficiency (WBCSD), specific sustainability indicators (Figge and Hahn, 2004;Jain 2005) and Lowell Center for sustainable production (LCSP) indicator [START_REF] Veleva | Indicators of sustainable production: framework and methodology[END_REF].

Sustainability Balanced Scorecard (BSC)

The well-known performance measurement model is the balanced scorecard (BSC). Individual measures of SBSC consists of five performance criteria based on four criteria from general BSC and a new added criteria, which are: financial, customer, internal process, learning and growth, and non-market. Indicator determination based on organization strategy and objective but organizations should consider environmental and social aspects into five performance criteria.

Performance measurement system of SBSC reflects both financial (financial perspective performance) and non-financial (customer, internal process, learning and growth, and non-market perspective performance). But for supply chain maturity level implementation of SBSC is only in organization performance level because this model does not consider partnerships and supply chains sustainability performance.

Relationship with internal and external environment of SBSC can reflect customer's satisfaction because customer is the one of performance perspective. And SBSC directly reflects relationship between organization performance and strategy level because this model formulated performance metrics and indicators from organization's objectives. This model organized process in supply chain management into five processes, e.g. plan, source, make, deliver, and return. Even SCOR provides the GreenSCOR (as shown inFigure 2.5) model and practices in SCOR9.0 but it does not include product design/development activity and human resource issue, which are important factors for social and long-term perspectives. In the sustainable supply chain context, SCOR and GreenSCOR is still lack of social dimension perspective. Thus, SCOR model cannot be used as a framework for analyzing business activities in our research work.

Individual measures of SCOR and GreenSCOR are constructed by five management processes, which are plan, source, make, deliver, and return. SCOR provides ten performance metrics, which are perfect order fulfillment, order fulfillment cycle time, upside supply chain flexibility, upside supply chain adaptability, downside supply chain adaptability, supply chain management cost, cost of goods sold, cash-to-cash cycle time, return on supply chain fixed assets, and return on working capital. Both quantitative and qualitative indicators are proposed in each metrics and constructed by three management levels, which are strategic, tactical, and operational. Moreover, leading and lagging indicators determine by mapping indicators and metrics relationship. The risk management metric and GreenSCOR metric are proposed in SCOR9.0, which constructed by management processes and levels but for GreenSCOR, only environmental in term of carbon emissions, air pollutant emissions, liquid waste generated, solid waste generated, and percent of recycled waste.

Performance measurement system of SCOR represents by attribute performances, which are reliability, responsiveness, agility, costs and assets. SCOR reflects both financial (cost and assets attribute performance) and non-financial (reliability, responsiveness, and agility attribute performance). In addition, SCOR covers whole supply chain maturity. However, it is complicated and takes a long-time to complete whole supply chain performance evaluation by using SCOR.

Relationship with internal and external environment of SCOR can reflect both internal and external environment. Internal environment represents by customer-facing attribute performance, which consists of reliability, responsiveness, and agility. External environment represents by internal-facing attribute performance, which consists of costs and assets. However, risk management and GreenSCOR metrics have been not integrated with attribute performance metrics. Thus, attributes performance reflect only economic dimension of sustainable supply chain management context.

Developing new sustainability performance metrics

Creating sustainability performance metrics is usually used for measure sustainability in Individual measures of GRI: there are 6 performance aspects in GRI report systems: economic, environmental, labor practices and decent work, human rights, society, and product responsibility. GRI provides performance indicators in term of quantitative and qualitative in each aspect. However, GRI does not determine leading and lagging indicators.

Performance measurement system of GRI reflects both financial and non-financial performance of organization. GRI reflects supply chain maturity in partnership level by suggests organization to define their stakeholders in term of suppliers, partners, customers and local communities.

Relationship with internal and external environment of GRI reflects relationship

between organizations with customer perspectives by some indicators in product responsibility performance metric and reflects relationship with organization's strategies in determining organization's policy process, which is the first process for creating sustainability report.

However, companies cannot complete all of indicators item of GRI because there is a large number of indicators in this report guideline (6 performance aspects, 34 metrics, 84 indicators and more than 100 sub-indicators), but it has emphasized that the GRI report approach is the best one available for companies that want to report according to sustainability principles [START_REF] Coelho | Sustainability evaluation management system model for individual organization and supply chain[END_REF].

C) Using multi-criteria decision making approach

This approach is similar to developing a new sustainability PMS model but may adding aggregation or integration indicators method for evaluating sustainable supply chain performance. This approach can reduce obstacles about integrating qualitative with quantitative performance measures, which is a criticism of supply chain performance measurement. Relationship with internal and external environment of Erol's model does not reflect relationship between organizations with customer perspectives and also does not reflect relationship with organization's strategies. Meanwhile Singh's model reflects customer satisfaction in society dimension.

Individual

RESULTS OF COMPARATIVE ANALYSIS

The results of comparative analysis are shown in 

Social aspects

 Direct stakeholders  Indirect stakeholders X X X X X X X X X X - - X X SCOR9.
Sustainability metrics  Environmental  Social  Economic X X - X X X X X X X X - - X LCSP Sustainability dimension  Energy and material use  The natural environment  Economic performance  Community development and social justice  Workers  Products X X - X X X X X X X X X - - 2) Using reporting system GRI Sustainability performance  Economic  Environmental  Labor practices  Human rights  Society  Product X X X X X X X X X X X - X X 3) Using multi-criteria decision approach Erol's model Sustainability performance metrics  Environmental  Social  Economic X X - X X X X X X X X - - -

Individual performance measures

 Economic  Environmental  Society X X X X X X X X X X X - X X

DISCUSSION ON EXISTING APPROACHES

The result of this comparative analysis leads to the directions for designing sustainable supply chain performance measurement model. We found that sustainability measurement in supply chain context has not yet fully matured and is still facing some important challenges. Sustainable supply chain performance measurement system should consider relationship between sustainability performance with organization strategies and objectives, define leading and lagging indicators for enhancing key success indicators to achieve a long-term sustainable supply chain, include using decision-making or mathematical model to integrate and aggregate qualitative indicators (especially in social dimension) leads to more precise for evaluating sustainability performance.

Moreover, the main criticism of measure sustainability in supply chain is difficulties to evaluate sustainability along supply chain, not only organization or partnership level.

Hence, future research should more focus on how performance measurement model can evaluate sustainability across organizations in their supply chain.

SUSTAINABILITY PERFORMANCE MEASUREMENT IN SUPPLY CHAIN

FUNDAMENTAL STEPS OF SUSTAINABILITY PERFORMANCE MEASUREMENT

FRAMEWORK

It is critical that any measurement system start out with the well-defined goals and objectives. These elements assist in guiding the subsequent of implementing sustainability practices. This section provides the framework for developing sustainability performance measurement which consists of four steps, which is shown in Understanding what sustainability means is the first step in being able to apply a framework for developing sustainability performance measurement system. The definition of sustainability should be grounded in the basic principles of sustainability.

However the term sustainability is still very vague, particularly in the industrial context, as we discussed in section 2.4, the term sustainability is mostly considered as an integration of three dimensions with respect to both short-and long-term perspective.

Hence the context in which sustainability is being considered is important in setting boundaries of measurement system. These considerations include level of decisionmaking, function, scope, and stakeholders.

The boundaries of measurement system should be clearly defined. The measurement system can be implemented to measure sustainability performance of corporate operation or specific process e.g. purchasing, inventory management, production, packaging, transportation, marketing, product design, research and development, human resource management, etc. The sustainability criteria selection depends on company strategy and the function of system boundaries. For example, the sustainability in purchasing may focus on quality of material, hazardous substances of raw material, the environmental management system certification and employee management system certification of suppliers. Meanwhile the sustainability in production may focus on energy usage, emission, waste generation, safety and working condition.

Step 2: Defining sustainability goals

The sustainability principles provide a guidance to define sustainability goals. A set of goals that covers sustainability principles ensures that company and/or supply chain has considered all sustainability criteria. For example, INDITEX which is the fashion distributor company realizes the importance of sustainability and environmental responsibility. Hence INDITEX established the Pro-Kyoto project which aims to reduce transportation greenhouse gas emissions [START_REF] Cetinkaya | Sustainable Supply Chain Management -Practical Ideas for Moving Towards Best Practice[END_REF]. In this case this company focuses only in environmental dimension of sustainability and the main goal is to reduce greenhouse gas emissions in transportation.

Step 3: Defining sustainability objectives

The objectives provide specific actions to achieve sustainability goals. According to the previous example of INDITEX in order to achieve the goal of reducing greenhouse gas emissions, INDITEX has established three objectives as follow:

 Increasing the transportation vehicles that run on bio-diesel

 Training the drivers on fuel-efficient driving  Reducing greenhouse gas emissions of vehicles

Step 4: Developing sustainability performance measurement system

The performance measurement system is designed based on the boundaries of measurement, sustainability goals, and sustainability objectives. The performance measures are selected to assess the progress toward each objective. The next section will describe the details of performance measurement system and how to design the system for measuring sustainability performance.

TRIGGERS OF SUPPLY CHAIN PERFORMANCE MEASUREMENT

A) Complexity level of supply chain Beamon (1998) defined a supply chain as an integrated process wherein a number of various business entities (i.e. suppliers, manufacturers, distributors, and retailers) work In practice, some companies measure sustainability only their core processes, other are sharing metrics with business partners, while some large organizations are able to look at their end-to-end supply chain. However, there are some limitations to measure the whole supply chain and certain elements are excluded.

Thus a feasibility method to measure sustainability performance of supply chain management is to identify the stage of performance measurement in order to select key performance metrics and indicators.

Research Proposition 5: The sustainability performance measurement system should measure sustainability across company in supply chain. 

PERFORMANCE MEASUREMENT METRICS

A) Traditional supply chain management

Available literature regarding traditional supply chain performance metrics and measures has classified according to several different criteria [START_REF] Gunasekaran | Performance measures and metrics in logistics and supply chain management: a review of recent literature (1995-2004) for research and applications[END_REF]. The classification criteria can be considered into two aspects. The first aspect is classified by component of measures. This aspect focuses on measuring variables i.e.

using types or characteristics of measure for classification. For example, [START_REF] Beamon | Measuring supply chain performance[END_REF] classified performance measures in SC into three types e. It is clear that in order to select the performance metrics and measures, the framework of PMS, regarding component of measures and/or component of supply chain, should be clearly defined. Consequently, there are many particular aspects to define performance measurement framework. It allows companies to select the framework which suitable for their implementation.

Nevertheless, there is no discussion of sustainability metrics from above performance measurement metrics classification. There is a scarcity of research which comprehensively addressed the three dimensions of sustainability (economy, environment, and society) [START_REF] Hassini | A literature review and a case study of sustainable supply chains with a focus on metrics[END_REF]. The classification of sustainability metrics will be discussed in the next section.

B) Sustainable supply chain management

While the social and the environmental are clearly associated in the sustainable development context, there is very little research addressing the social dimension. A comprehensive literature review on SSCM identified that out of 191 papers, 140 addressed the environmental dimension while only 20 addressed the social dimension (Seuring, 2008). Hence, the literatures which consider at least two sustainability dimensions will be reviewed in this section.

Similarly with the classification criteria from traditional supply chain, two aspects which are component of measures and component in supply chain are adopted for analyzing sustainability metrics. In traditional SCM, the component of measures focus only economic dimension. Meanwhile component of measures in sSCM has extended to environmental and social dimension. Most of literatures use the TBL developed by [START_REF] Elkington | Cannibals with forks: the triple bottom line of 21st century business[END_REF] to classified sustainability criteria, as shown in , [START_REF] Hassini | A literature review and a case study of sustainable supply chains with a focus on metrics[END_REF][START_REF] Veleva | Indicators of sustainable production: framework and methodology[END_REF]Veleva et al., 2001;[START_REF] Zhu | Relationships between operational practices and performance among early adopters of green supply chain management practices in Chinese manufacturing enterprises[END_REF][START_REF] Zhu | Green supply chain management innovation diffusion and its relationship to organizational improvement: An ecological modernization perspective[END_REF]) (Veleva et al. (2001), [START_REF] Veleva | Indicators of sustainable production: framework and methodology[END_REF], Szekely and Knirsch (2005),

Hassini et al ( 2012), Zhu andSarkis (2004, 2012)). Except [START_REF] Figge | The Sustainability Balanced Scorecardlinking sustainability management to business strategy[END_REF] adopted the balanced scorecard (BSC) to classified performance measures in sustainability context by adding environmental and social aspects to business strategy. In addition, they proposed a new perspective called non-market perspective in order to integrate strategically relevant but not market-integrated environmental and social aspects.

Indicators in non-market aspect can impact company's performance in all four perspectives of the conventional BSC. For example, indicators relevant to legality or human rights can effect to expenditure of company, employee satisfaction, or customer satisfaction. Veleva et al. (2001) argued that sustainable production indicators should also include economic and social measures. They also proposed a framework that consists of five levels for categorizing existing indicators relative to the basic principles of sustainability.

Their study provided a method of evaluating a set of indicators that focus on environmental, health and safety aspects of production, and work is underway to expand their method to include social and economic aspects to inform decision-makers and measure progress towards more sustainable production. Furthermore, [START_REF] Veleva | Indicators of sustainable production: framework and methodology[END_REF] Another aspect is using component in supply chain as a criteria to identify performance metrics. Components in supply chain can be considered by processes, sustainable practices, or partners in SCM. [START_REF] Zhu | Relationships between operational practices and performance among early adopters of green supply chain management practices in Chinese manufacturing enterprises[END_REF] developed GSCM practices metrics to measure an extent of adopting GSCM practices in their companies. They collect the data, using survey approach, in 186 respondents of Chinese manufacturing. The respondents were requested to indicate, using a five-point Linkert-type scale, the perceived extent of adopting each of the GSCM practices. They classified the practices into four group based on SC processes which are (1) internal environmental management (2) external GSCM practices (3) investment recovery and (4) eco-design.

Then Zhu et al. (2007) has separated the second group (external GSCM practices) into two groups. Hence the new evaluation of GSCM practices are classified into five groups, which are (1) internal environmental management (IEM) (2) green purchasing (GP) (3) customer cooperative (CC), (4) investment recovery (IR) and ( 5) eco-design (ECO). They studied the adoption of GSCM practices in different industry (Zhu et al.,208), examined the relationship between GSCM practice and GSCM performance [START_REF] Zhu | Relationships between operational practices and performance among early adopters of green supply chain management practices in Chinese manufacturing enterprises[END_REF], Zhu et al. (2007[START_REF] Zhu | Green supply chain management innovation diffusion and its relationship to organizational improvement: An ecological modernization perspective[END_REF]). Again a five-point Likert scale was used to determine if associated with their implementation of GSCM practices. The GSCM performance is classified into three groups which are (1) environmental performance (EP), (2) positive economic performance, and (3) operational performance (OP).

Process and partner in supply chain cab be used for classify performance metrics in sustainable supply chain. Hassini et al (2009) proposed a framework for sSC metrics using TBL principle and supply chain partner (supplier, manufacturer, distributor, retailor, and customer). Moreover, they addressed to use decision level (strategic, tactical, and operational) at the stage of choosing appropriate measures.

In addition to consider performance metric from research works, the metrics from existing tool and guideline are analyzed in this section, which are GreenSCOR and GRI.

The GreenSCOR is separated from conventional SCOR in version9.0. This model focuses only environmental dimension and measures environmental impacts in term of carbon emission, air pollutant emission, liquid waste generated, solid waste generated, and percent recycled waste. GRI is a guideline to report company sustainability performance.

Performance metrics are classified into six categories: economic, environmental, labor practices and decent work, human rights, society, and product responsibility. It is clearly that the existing sustainability performance measurement systems provide performance indicators from an aspect of component of measures, which will be called as sustainability criteria, and/or an aspect of component in supply chain. The performance indicators are selected based on the basis of industrial expert opinions [START_REF] Sarkis | How green is the supply chain? Practice and research[END_REF][START_REF] Veleva | Indicators of sustainable production: framework and methodology[END_REF][START_REF] Zhu | Relationships between operational practices and performance among early adopters of green supply chain management practices in Chinese manufacturing enterprises[END_REF][START_REF] Zhu | Green supply chain management in China: pressures, practices and performance[END_REF] or based on a company's decision [START_REF] Figge | The Sustainability Balanced Scorecardlinking sustainability management to business strategy[END_REF][START_REF] Hassini | A literature review and a case study of sustainable supply chains with a focus on metrics[END_REF][START_REF] Phillis | Assessment of Corporate Sustainability via Fuzzy Logic[END_REF] or a company selects the indicators from the list which is provided by industrial experts [START_REF] Gri | Sustainability reporting guidelines[END_REF][START_REF] Scc | SCOR: The Supply Chain Operations Reference Model version 10[END_REF].

CONCLUSION

This chapter provides a holistically view on the sustainable development context and an integration between sustainability and supply chain management. Both of sustainability and supply chain management are very complex but impose new challenges for academic and practitioners. From the detailed literature review we found that the sSCM should consists of the supply chain management and sustainability characteristics. The supply chain management characteristics are (1) flow focus, (2) coordination focus, (3) stakeholder focus, (4) intra-and inter-organizational processes, and (5) performance focus. And the sustainability characteristics are (1) economic focus, (2) environmental focus, (3) social focus, (4) long-term focus, and (5) stakeholder's focus.

However, the term sustainability is still broadly defined and difficult to implement for measuring performance in practical level. Different measurement models and approaches are under development and show that it is an active field of research. From an extensive literature review, we found that it is lack of the framework for translating the concept of sustainability into practical level. This framework should clarify the sustainability criteria and the measured component in supply chain. Hence this thesis will develop the conceptual framework based on both sustainability and supply chain aspects. The conceptual framework will clarify the sustainability criteria and the measured component in supply chain. Figure 2.9 shows the steps for developing the conceptual framework of sSCM performance measurement system.

Sustainability aspect

Understanding sustainability principle

Defining sustainability criteria

Supply Chain aspect

Understanding supply chain boundaries

Defining measured component in supply chain This chapter is organized into five sections. First section provides an interpreting of human needs in sustainable development. Then the next section provides the sustainability perspective in industrial sector. After that, the sSCM framework for measure sustainability performance is proposed. This framework compose of sustainability criteria, perspective of short and long term contribution of SD, and an engagement level in supply chain. The process based approach is proposed in order to construct the sustainability measures in supply chain management. Finally, in order to verify this sSCM framework, the supplier evaluation is selected to apply as a case study.

Developing Conceptual framework of sSCM Performance Measurement System

INTERPRETING 'NEEDS' IN SUSTAINABLE DEVELOPMENT

According The work on fundamental human needs has been developed by Abraham Maslow [START_REF] Maslow | A Theory of Human Motivation[END_REF]. He argued that people are motivated by a series of five types of needs which arranged in a hierarchy and represented as a pyramid (as shown inFigure 3.1).

These needs consist of physiological needs, needs for safety, belongingness, self-esteem, and self-actualization. In summary, Physiological needs include requirement for food, water, sleep, warmth. Safety needs contain the need for security, structure, shelter, and protection. Belongingness involves the need to feel a sense of belonging and acceptance among social groups. Esteem needs contain self-respect and recognition by others of our worth and competence. Self-actualization needs encompass the attainment of an individual's full potential. Maslow suggested that these needs must be satisfied in order of importance. As soon as needs on a lower level is fulfilled, the needs on the next level will emerge and demand satisfaction. physical and non-physical needs.

PHYSICAL NEEDS

The physical needs are the basic human needs for a livelihood. [START_REF] Maslow | A Theory of Human Motivation[END_REF] 2. Natural resources are useful materials from the Earth. People use natural resources (water, air, soil) and raw materials to manufacture or create products and services [START_REF] Giddings | Environment, economy and society: fitting them together into sustainable development[END_REF].

3. Clean environment. For a good physical well-being, people must have access to not only the sufficient natural resources but also the clean environment. The prevention and reduction of air and water pollution will remain a critical task of resource conservation. Air and water quality come under pressure from such activities as fertilizer and pesticide use, fossil fuel burning, the use of certain chemicals, and the various other industrial activities. Each of these is expected to increase the pollution load on the biosphere substantially. and the exposure to hazard in the workplace. Beyond this, it is necessary to identify vulnerable groups and their health risks are taken into account in sustainable development policy (United Nations (UN), 1987, chap. 9).

NON-PHYSICAL NEEDS

The non-physical needs are the needs to fulfill emotional and morale of human. [START_REF] Maslow | A Theory of Human Motivation[END_REF] referred to belongingness, esteem, and self-actualization. [START_REF] Max-Neef | Development and human needs, in: Real-Life Economics: Understanding Wealth Creation[END_REF] referred to affection, understanding, participation, idleness, creation, identity, and freedom. The non-physical needs relate to individual and social psychology. They are more about processes (personal, social, and cultural) than they are about objects (financial, material, natural resources, products, etc.) [START_REF] Hutchins | An exploration of measures of social sustainability and their application to supply chain decisions[END_REF].

These needs can be met through human development, equity, and ethical issues.

According to the TBL concept, the non-physical needs are focusing only in the social dimension.

1. Human capabilities development. All human have a desire for self-respect or selfesteem and for the esteem of others. Satisfaction of the self-esteem need leads to feelings of self-confidence, worth, strength, capability and adequacy of being useful and necessary in the world [START_REF] Maslow | A Theory of Human Motivation[END_REF]. Education and training would help people to find and improve their potential capability.

2. Harmony among human beings and between humanity and nature. Human need to live with a harmony among human beings and between humanity and nature.

In order to live with harmony among human beings, people have responsibility to respect human rights of each other. There are two categories of human rights.

The first category concern civil and political rights and includes such rights as 

THE NEEDS AND THE TRIPLE BOTTOM LINE (TBL) CONCEPT

According to the physical and non-physical needs in the previous section, these needs can be categorized by using the TBL concept in order to analyze in the sustainability context in industrial perspective. The economic perspective involves with the need of economic security of both company and employees. The environmental perspective involves with the need of natural resources, clean environment, and energy. The social perspective involves with the sanitation health and safety, human capabilities development, and harmony among human beings and between humanity and nature.

The needs categorization based on the TBL concept can be used as a framework for defining metrics to evaluate sustainability performance. [START_REF] Santiteerakul | Selecting Multiple Criteria Decision Aid for Measuring Sustainability Supply Chain Performance[END_REF] adopted this categorization to identify the measures and metrics in each category (see the details of metrics in Appendix I).

Existing guidelines/regulations/standards can be used as operational practices to identify leading performance indicators. From the literature review of sustainability initiatives guidelines, we found that ISO26000 and GRI cover all three sustainability dimensions. ISO26000 offers guidance on socially responsible behavior and possible actions. Even this standard does not provide metrics to measure outcome performance 

C1.1 Company's financial X X X X X X C1.2 Economic distributed X X C2 Non-financial performance C2.1 Quality X X X X C2.2 Time X X X C2.3 Flexibility X X C3 Material C3.1 Material conservation X X X X X X X X X C3.2 Hazardous substances/material X X X X X X

C4

Natural Resources (water, air, soil) Other ethical issues (community initiatives, corruption, compliance) X X X

C4.1 Natural Resources conservation X X X X X X X X X C4.2 Environmental prevention X X X X X X X X X C5 Energy C5.1 Energy conservation X X X X X X X X X

GOALS FOR SUSTAINABLE DEVELOPMENT

In order to achieve human needs by using guiding principle for SD in Table 3.2, we categorize the goals for SD regarding to the triple bottom line and a long-term aspect as follow:

1. Economic perspective: SD aims to increasing economic prosperity. In national development point of view, economic prosperity might be seen as GDP growth rate or GDP per capita. In business point of view, economic prosperity might be seen as profit, revenue, or market share.

2. Environmental perspective: SD aims to reducing negative impacts on natural resources by using resource more efficiently and reducing environmental pollution.

3. Social perspective: this perspective consisting of two goals which are reducing negative impacts on human health and improving human capabilities by encouraging education and technology innovation.

4. Long-term perspective: SD aims to meet the needs for future generations. It means that innovation of cleaner technologies, ethical issues for encouraging human moral and knowledge management are needed to support long-term development.

The sustainability goals are defined by the company and its networks strategy. Hence the sub-dimension is required to help managers implement the sustainability practices in their company.

SUSTAINABLE DEVELOPMENT IN INDUSTRIAL SECTOR

In the Our Common Future report provided seven areas of interest in SD context which are population and human resources, food security, species and ecosystems, energy, industry and urban challenge. This research is interesting only in sustainability for industry because the proposed framework aims to support the manufacturing supply chain. Thus the impacts of industrial and the strategies for sustainable industrial development are considered as the needs for sSCM.

CONTRIBUTIONS OF INDUSTRIAL SECTOR TO SUPPORT SD

Industrial sector has two important roles to support sustainable development, which are identified in chapter 30 of agenda 21. These roles are promoting cleaner production (as shown in Figure 3.2) and promoting responsible entrepreneurship (as shown in Figure 3.3).

A) Promoting cleaner production

The first role aims to increase the efficiency of resource utilization and reduce the 

GOALS FOR SUSTAINABLE SUPPLY CHAIN MANAGEMENT (SSCM)

The sSCM goals and activities to achieve SD objectives are identified by extracting contexts from industrial roles, which are shown in 

PROPOSED SSCM FRAMEWORK

SUSTAINABILITY CRITERIA

Conceptualizing sustainability in three dimensions seems to be widely accepted (Dyllick and Hockert, 2002). It allows an easy comprehension of the integration of economic, environmental and social issues. But with these three dimensions is too large to identify sustainability metrics. There are various aspects to categorized sustainability criteria. [START_REF] Beamon | Sustainability and the future of supply chain management[END_REF] categorized sustainability based on inputs (human resource, material, and fuel) and outputs (products, service, and solid waste) of supply chain.

In this work, sustainability criteria are categorized regarding to the definition of human needs and goals of sustainable supply chain. We can divide the criteria into eight categories which are (1) financial, (2) non-financial, (3) material, (4) natural resources,

(5) energy, (6) health and safety, (7) human capabilities, and (8) ethics. All sustainability criteria are based on long-term development perspective. The risk management and innovation point of views are adopted as a lens for considering the long-term perspective (Santiteerakul et al., 2012b;[START_REF] Sekhari | Sustainable Supply Chain Management from the Perspectives of Risk Management[END_REF]. The sustainability criteria categorization illustrated in this work is schematically represented in Figure 3.4.

Figure 3.4 Sustainability Criteria Categorization

SUSTAINABILITY DIMENSION AND LONG-TERM PERSPECTIVE

In order to implement sustainable development in company and supply chain, the guiding principles in Table 3.2 can be used for setting supply chain strategy direction.

These principles lead to a sustainable development in both short and long term perspectives as shown in Table 3.5. Sustainability in short-term perspective is the ability of activities to meet the needs of present and future generations. In the other hand, sustainability in long-term perspective is the ability of activities to shift human activities to non-polluting products/technologies, less -material and energy-usage era, changing people attitudes, life style and behavior toward sustainable path. Increasing sustainability performance must be considered both short and long term perspectives.  Encouraging fair operating practice issues which arise in the areas of anticorruption, responsible involvement in the public sphere, fair competition, socially responsible behaviour, in relations with other organizations and respect for property rights.

ENGAGEMENT LEVEL OF SUPPLY CHAIN

In order to measure sustainability performance for supply chain management, it is needed to link the concepts of supply chain and sustainability. The term "supply chain" consists of multiple firms, both upstream and downstream, and the ultimate consumer and involves with flows of products, materials, information, and finances from a source to a customer [START_REF] Mentzer | Defining Supply Chain Management[END_REF]Santiteerakul et al., 2012b). Activities in supply chain concept have to be identified by an engagement level both upstream and downstream. The engagement divided into three levels, which are company level, supply chain level, and stakeholder level.

• Company level considers activities of owned company which does not engage with any external groups or companies.

• Supply chain level considers activities under taken to create opportunities for negotiation, consultation or simply exchange of information between or among company and the its supply chain (suppliers, outsourced companies, customers, users or others). However, in supply chain level consists of three sub-levels which are direct supply chain, extended supply chain, and ultimate supply chain following degrees of supply chain complexity from [START_REF] Mentzer | Defining Supply Chain Management[END_REF] • Stakeholders level consider activities under taken to create opportunities for negotiation, consultation or simply exchange of information between or among company and stakeholders. In this work, stakeholder is defined as individual or group that has an interest in any decision or activity of a company including second-tier suppliers, customer's customers, users, and so on. 

LOCATION/PROCESS OF MEASURES

Companies can implement sustainability practices in respect of business process (or activity). In order to construct the metrics structure, a model describing activities in supply chain is considered as a framework to analyze. In general supply chain management context, the most referred model to measure performance is the SCOR model. This model organized process in supply chain management into five processes, e.g. plan, source, make, deliver, and return. Even SCOR provides the GreenSCOR model and practices in SCOR9.0 but it does not include product design/development activity and human resource issue, which are important factors for social and long-term perspectives. In the sustainable supply chain context, SCOR is still lack of social dimension perspective. Thus, SCOR model cannot be used as a framework for analyzing business activities in our research work.

Meanwhile Porter, M.E. (1985) proposed the value chain model, which described an organization's activities [START_REF] Porter | Competitive Advantage: Creating and Sustaining Superior Performance[END_REF][START_REF] Porter | Towards a dynamic theory of strategy[END_REF]. The value chain model divided organization's activities into primary and support activities. The detail of each activity is as follows:  Inbound Logistics: Activities associated with receiving, storing, and disseminating inputs to the product, such as material handling, warehousing, inventory control, vehicle scheduling, and returns to suppliers.  Operations: Activities associated with transforming inputs into the final product form, such as machining, packaging, assembly, equipment maintenance, testing, printing, and facility operations.  Outbound Logistics: Activities with collecting, storing, and physically distributing the product to buyers, such as finished goods warehousing, material handling, delivery vehicle operation, order processing, and scheduling.  Marketing and Sales: Activities associated with providing a means by which buyers can purchase the product and inducing them to do so, such as advertising, promotion, sales force, quoting, channel selection, channel relations, and pricing.  Service: Activities associated with providing service to enhance or maintain the value of the product, such as installation, repair, training, parts supply, and product adjustment.

Support activities

 Procurement refers to the function of purchasing inputs used in the firm's value chain, not to the purchased inputs themselves. Purchased inputs include raw materials, supplies, and other consumable items as well as assets, such as machinery, laboratory equipment, office equipment, and buildings.  Technology development consists of a range of activities that can be broadly grouped into efforts to improve the product and the process including information system technology.  Human resource management consists of activities involved in the recruiting, hiring, training, development, and compensation of all types of personnel. HRM supports both individual primary and support activities (e.g., hiring of engineers) and the entire value chain (e.g., labor negotiations).  Firm Infrastructure consists of a number of activities including general management, planning, finance, accounting, legal, government affairs, and quality management.

According to the value chain model in Figure 3. 

DECISION LEVELS

Within business activities, management decisions may differ, depending on the timing and the responsibility of the decision-makers. These decisions would most commonly be identified as strategic, tactical, or operational:

Strategic decisions support the organization's vision, mission, values, and have significant resource allocation impact. They set precedents or the tone for decisions further down in the organization, occur infrequently, may be irreversible, and have a potentially material effect on the organization's competitiveness within its marketplace.

They are made by top managers and affect the organization's business direction.

Tactical decisions are less all-encompassing than strategic ones; they involve formulating and implementing policies for the organization. They are usually made by mid-level managers and often materially affect functions such as marketing, accounting, production, or a business unit or product as opposed to the entire organization. Tactical decisions generally have fewer resource implications than strategic decisions.

Operational decisions support the day-to-day decisions needed to operate the organization; they take effect over a few days or weeks. Typically made by a lower-level manager, operational decisions differ from tactical and strategic decisions in that they are made frequently and often on the fly. Operational decisions tend to be highly structured, often with well-defined procedure manuals or within readily understood parameters.

For measuring sustainability performance, the decision making in strategic and tactical level involve with both practices and outcomes performance. Meanwhile the decision making in operational level is more involve with outcomes performance. As discussed from the literature review, it is difficult to measure performance in social and long-term perspectives in term of outcomes performance. These two perspectives can be measured by an implementation level of sustainability practices. Hence, to keep all three sustainability dimension and long-term perspective into our sustainability objectives, the proposed model will be developed based on strategic and/or tactical decision making level. [START_REF] Chan | An innovative performance measurement method for supply chain management[END_REF] proposed the method of performance of activity (POA) for assessing process performance and its impacts. An approach of process-based performance measurement is considered. The main advantages of adopting process-based performance measurement that can be achieved in SCM are highlighted as follow:

APPROACH TO CONSTRUCT SUSTAINABILITY METRICS

PROCESS BASED ANALYSIS

 To provide the opportunity of recognizing the problems in operations and taking corrective action before these problems escalate (Kueng, 2000)  To facilitate linking with the operational strategies, identifying success, and testing the effect of strategies  To support in monitoring the progress  To assist in direct management attention and resources allocation  To enhance communication of process objectives and position among the processes involved in the supply chain

The steps and processes of analyzing and decomposing the processes to be measured:

1.

Identifying and linking the involved processes of inter-and intra-organization.

The related processes in the supply chain are identified according to the domains to be measured. These domains may be boarder process performing a set of specific functions regarding to the value chain model activities. In this step, all the related processes can be taken into considerations.

2.

Defining and confining the core processes. Core processes can be defined based on the strategic objectives of sustainable supply chains by taking into account the sSCM goals and the value chain model.

3.

Deriving the missions, responsibilities and functions of core processes. The responsibilities and functions of each process should be made clear. The missions and responsibilities that state what the process does provide overall guidance and direction for managers and cooperators understanding what to manage and measure.

4.

Sub-processes identification and decomposition. The core processes are aggregation of a board set of sub-processes. It is necessary to decompose core process into detailed sub-processes on the lower level.

5.

Deriving the responsibilities and functions of sub-processes. The responsibilities and functions of each sub-process are derived from the strategies and missions, and defined into statements to enhance understanding and communication. In contrast with those of the core process, the definitions of sub-process's responsibilities are more detailed, and closer to operational directions.

6.

Decomposing and identifying the elementary activities of sub-processes.

7.

Linking goals to each hierarchy from process to elementary activity. All the involved processes are decomposed into measurable elements. When supply chain managers set up the strategies and common goals for the entire system, the goals for the processes always may be quantitative value, such as percentage of increasing and decreasing, or qualitative expression.

The decomposition of process hierarchies draws a clear picture of processes and their activities. It provides an opportunity for re-examining and re-designing the processes, and easy access to measuring process performance. Most importantly, the process review on supplier evaluation criteria and supplier's sustainability metrics are described as follows;

SUPPLIER EVALUATION AND SELECTION CRITERIA

Supplier selection decisions are complicated by the fact that various criteria must be considered in decision-making processes. The analysis of such criteria for the selection and performance evaluation of potential suppliers has been the focus of many Social and green supplier development is also necessary for effective sSCM. In addition, the consideration of both environmental and social factors needs to be at the forefront of organizations' supplier selection agenda [START_REF] Bai | Integrating sustainability into supplier selection with grey system and rough set methodologies[END_REF]. Supplier selection in GSCM is clearly a critical activity in purchasing management because a firm's environmental sustainability and ecological performance can be demonstrated by its suppliers (Kuo et al., 2010). Because of the complexity of sustainability performance measurement as described in chapter 1 and chapter 2, companies have taken various approaches to address the supplier selection criteria and have interpreted them in a variety of ways. Table 3.6 provides criteria for evaluating or selecting sustainable/green supplier from the literatures [START_REF] Hutchins | An exploration of measures of social sustainability and their application to supply chain decisions[END_REF], [START_REF] Lee | A green supplier selection model for high-tech industry[END_REF], [START_REF] Bai | Integrating sustainability into supplier selection with grey system and rough set methodologies[END_REF], Tseng and Chiu (2010), Amindoust et al ( 2012), Buyukozkan and Cifi (2012), Shen et al ( 2012)). Their proposed criteria are selected based on their research context. The criteria that have been selected are not meant to describe thoroughly the sustainable performance of a supplier, but rather to serve as an example of the measures that could be established. Therefore, the sustainability criteria selection in this thesis depends on the strategic policy and aims of the case study company. However, initial criteria are based on the proposed sustainability criteria (Figure 3.4) in chapter 2. 3.7 in the next section). However this calculation is suitable for small number of indicators and suppliers because it will make a difficulty of gathering data from a large number of indicators or suppliers. The next section will explain how to evaluate supplier's performance in each criterion in term of subjective judgment.

SUPPLIER'S SUSTAINABILITY METRICS AND MEASURES

The previous section provides sustainability criteria of supplier evaluation and selection from literatures. Almost of these literatures evaluate supplier performance by using subjective judgment in each criterion. Decision maker can judge supplier's performance by using rating scale in term of linguistic value [START_REF] Bai | Integrating sustainability into supplier selection with grey system and rough set methodologies[END_REF], Tseng and Chiu (2010), Amindoust et al ( 2012), Buyukozkan and Cifi (2012), Shen et al ( 2012), Govindan et al (2013a)). For example, decision maker assess level of supplier's performance in term of very bad (VB), bad (B), average (AVG), good (G), or very good (VG) level. With this approach, the ranking of the criteria is completely independent of the particular alternatives (suppliers) of the decision problem.

Gonvindan et al (2013b) has reviewed 33 papers from peer-reviewed academic journals and proceedings on GSCM supplier selection. They found that the most widely used approach for multi-criteria decision making for green supplier selection is analytical hierarchy process (AHP) (including fuzzy AHP, FAHP). The AHP approach (Saaty, 1998) in supplier evaluation problem allows decision maker to judge supplier's performance in to approaches. The first called absolute measurement is an approach to rate performance in each criterion by using performance rating scale (as the same approach which explained in the previous paragraph). Another approach called relative measurement, decision maker has to judge supplier's performance by comparing with others in each criterion. For example, [START_REF] Lee | A green supplier selection model for high-tech industry[END_REF] compare the social responsibility performance between supplier A and B. Decision maker has to judge that supplier A has equal, weak, strong, very strong, or absolutely strong of social responsibility performance when comparing with supplier B. Nevertheless the relative measurement will be more difficulties if there are a large number of alternatives (suppliers) because decision maker has to compare all pair of suppliers in all criteria. Supplier performance assessment activity can be used for selecting supplier or managing supplier performance of company. In practical when company is sourcing supplier to support parts or components of product, sourcing manager has to make a decision of supplier selection by evaluating supplier performance. Supplier selection problem may face a situation for selecting among a small number of suppliers (less than 10 suppliers). However, in supplier performance management, company may have to assess their existing suppliers which are a large numbers for dealing with. Therefore, the relative measurement is suitable for supplier selection problem which dealing with a small number of suppliers and the absolute measurement can be adopted for both assessing supplier for supplier performance management and selecting supplier problems. , 2011). In this chapter a multi-criteria decision model will be analyzed and selected for establishing sustainability performance measurement system. This chapter divided into eleven parts. The first part describes the supplier performance evaluation problem in sustainability context and provides a literature review on sustainability criteria and judgment approaches to evaluate supplier's performance. Then, the multi criteria decision problem and the criteria for selecting a multi criteria decision approach are explained. The third part is an identification of the supplier's sustainability evaluation problem. The next part is an analysis for selecting the method for evaluating sustainability performance in this thesis. The results from this selection indicate that this thesis will use an analytical hierarchy process (AHP) and fuzzy set theory to develop the performance measurement system. Then the theoretical and literature on fuzzy AHP (FAHP) are provided in section 6 and section 7 and section 8. The numerical example for explaining the existing FAHP approaches are shown in section 9. Then, the proposed FAHP approach is described in section 10 with the numerical illustration in section 11.

SUPPLIER PERFORMANCE EVALUATION

Supplier evaluation decisions are complicated by the fact that various criteria must be considered in decision-making processes. The analysis of such criteria for the selection and performance evaluation of potential suppliers has been the focus of many and delivery in economic performance.

Social and green supplier development is also necessary for effective sSCM. In addition, the consideration of both environmental and social factors needs to be at the forefront of organizations' supplier selection agenda [START_REF] Bai | Integrating sustainability into supplier selection with grey system and rough set methodologies[END_REF]. Supplier selection in GSCM is clearly a critical activity in purchasing management because a firm's environmental sustainability and ecological performance can be demonstrated by its suppliers (Kuo et al., 2010). Because of the complexity of sustainability performance measurement as described in chapter 1 and chapter 2, companies have taken various approaches to address the supplier selection criteria and have interpreted them in a variety of ways. Table 3.6 provides criteria for evaluating or selecting sustainable/green supplier from the literatures [START_REF] Hutchins | An exploration of measures of social sustainability and their application to supply chain decisions[END_REF], [START_REF] Lee | A green supplier selection model for high-tech industry[END_REF], [START_REF] Bai | Integrating sustainability into supplier selection with grey system and rough set methodologies[END_REF], Tseng and Chiu (2010), Amindoust et al ( 2012), Buyukozkan and Cifi (2012), Shen et al ( 2012)). Their proposed criteria are selected based on their research context. The criteria that have been selected are not meant to describe thoroughly the sustainable performance of a supplier, but rather to serve as an example of the measures that could be established.

MULTI CRITERIA DECISION PROBLEM

MULTIPLE CRITERIA DECISION MAKING (MCDM)

Multiple criteria decision making is defined as a formal approach to types of problem solving (or mess reduction), lies in attempting to represent such imprecise goals in terms of a number of individual (relatively precise, but generally conflicting) criteria (Stewart, 1992). The first stage of the development of multi-criteria decision theory was characterized by the methodological principle of multi-criteria decision-making (MCDM). A classical multi-criterion problem is still presented in the form of an optimization problem. Thus a classical MCDM is formalized in term of mathematical model and the main objective of decision-making is to discover the optimal alternative among feasible alternatives.

Because of the main objective in traditional MCDM principle is to find a solution from the existing alternatives regarding to the way the problem is stated. So, decision maker has to clearly identify a set of feasible alternatives, a well-constructed preference model by enhancing a set of criteria, which relates to the problem. Moreover, if the rationality corresponding to axioms is accepted, decision maker must agree with the solution obtained. However real world problems are more complicate than making a decision based on only existing feasible alternatives or formulated a well-defined preference model. In practice, many decision-making situations relate to several people who take part in the decision process, a fuzzy boarder line between defining feasible alternatives, and uncertainty or imperfect data to evaluate performance of alternative. Hence, researchers in multi-criteria decision field have been developed a new perspective, which called decision-aiding, in order to help decision maker to make a better decisions subject to the presence of ambiguity, uncertainty and contradiction in a real world problem.

MULTIPLE CRITERIA DECISION AID (MCDA)

The principal aim of decision aiding (DA) is not to discover a solution, but to construct or create something that is viewed as liable to help "an actor taking part in a decision process either to shape (and/or to transform) his preferences, or to make a decision in conformity with his goals" (Roy, 1990). Roy ( 2005) referred his work on 1996 to the definition of DA as "the activity of the person who, through the use of explicit but not necessarily completely formalized models, helps obtain elements of response to the questions posted by a stakeholder in a decision process". The concepts of DA has been developed in order to meet the characteristics of complicated situation in the real world, which are e.g. involved with multi-decision maker, much of data are imprecise, uncertain, or ill-defined, nonrestrictive of feasible alternatives.

Meanwhile, the traditional decision making (DM) problems are formalized on three basic bases: (1) a well-defined set of feasible alternatives, (2) a model of preferences is clearly defined in decision maker's mind, and (3) a well-formulated mathematical problem. These basic characteristics of traditional DM problems can be considered as the limitations for complicated problems. Hence, DA context has been increasingly recognized from researchers in decision-making area.

Decision problem usually falls in multi-criteria problem because of decision making process is generally a multi-actor process and it is difficult to clearly define the most important criteria as a single. In addition the context of sustainability performance relate to multi-dimension, which are economic, environment and society [START_REF] Santiteerakul | Social Indicators for Sustainable Supply Chain Performance Measurement[END_REF] and from the previous work we found that our research problem is a multicriteria (in term of multi-indicators) problem. Hence, a mono criterion problem is not considered in our research work.

The differences between MCDM and MCDA have been discussed by Roy (1990) and have been summarized as shown in Table 4.1. There are three different points of view between MCDM and MCDA which related to a set of alternatives, a set of criteria and problematic. The term of potential action is used in the same way as alternative. But a set of potential actions (A) is positively imposed and need not to assume as a stable set. An action is qualified as potential when it is deemed possible to implement it. In addition, there are cases where appropriate potential actions can be modelled by jointly implementing of other actions. Criterion A criterion g is a tool constructed for the purpose of comparing and evaluating alternatives (or potential actions). The evaluation g(a) of alternative (or action) a on a criterion g is called a performance of criterion g. Multicriteria decision problem can be denoted a set of criteria g as:

G = {g 1 , … , g k }
Decision maker is a person who constructs a preference model based on criteria of decision problem. A set of criteria G and a preference model are supposed to be clearly defined in decision maker's mind. The comparison between two alternatives a and a ' is done by comparing the value of g(a) and g(a'). And decision maker prefers a over a' if and only if the values of g(a') is greater than g(a).

The preferences can be formalized from one or several actors. The actors are either decision maker(s) or stakeholders who involve with decision process or consequence. Each criterion must take into account one or more precise attributes. Thus, the term of family of criteria is used for considering criteria in decision problem. Moreover, in MCDA can take uncertainty, imprecision and inaccurate determination criteria into account.

Problematic

A well-formulated mathematical problem leads to find a solution by discovering an optimal alternative a*, which contains a maximum value of an aggregated performance of criteria, in a set of feasible alternatives.

MCDA does not lead to a wellstated optimisation problem. But leads to an ill-defined mathematical problem, which provides four problematic perspectives;

(1) choice problematic (P.α), (2) sorting problematic (P.β), (3) ranking problematic (P.γ), and (4) description problematic (P.δ).

According to Table 4.1, MCDA perspective is more flexible than MCDM. The set of alternatives (or potential actions) in MCDA allows decision maker to create new potential actions by combining other actions. Moreover, MCDA takes into account of a board range of requirements among relevant actors, preserves the original evaluations for each actor by making a family of criteria. A family of criteria has been built by considering a perspective of each stakeholder, comparing potential actions with each criterion, and considered all criteria together to satisfy the problem requirements.

Meanwhile a set of criteria in MCDM is constructed by stakeholder's preferences. Finally, the problematic in MCDA is used as a way in which DA may be envisaged. DA does not attempt to formulate any instructions or recommendations but to help decision maker (or actor) clearly understanding the purpose, type of results, and appropriate procedure to investigate of the problem. Other expressions, such as statement, problem formulation, or problem type have seldom been used as substitute but may lead to misunderstanding.

DECISION AIDING PROCESS OF MCDA

Roy [START_REF] Buckley | Fuzzy hierarchical analysis[END_REF]( , cited by Roy (1990))) introduced a general framework of decision aiding process consists of four levels as shown in Figure 4.1. In the first level stage, the decision problematic is determined i.e. choice of best alternative, ranking of the alternatives from the best to worst, classification/sorting of the alternatives into appropriate groups, or description of the alternatives. The next level involves identification of relevant criteria (or attributes) in decision in term of a family of criteria. A consistent family of criteria can have a one of three properties; monoticity, completeness, or non-redundancy. When a consistent family of criteria has been specified, the third step is to proceed with either the multiple criteria aggregation procedure (MCAP) (in case of a synthesize preference approach or descriptive approach) or an exploitation procedure (in case of outranking approach). Finally, the meaningful information is provided to help decision maker analyzing and justification the appropriate actions regarding to the model's consequences.

Tsoukias (2007) enhanced four cognitive results from the decision aiding process based on Roy's framework;

A representation of the problem situation: is an important result to help decision makers clearly understand the problem situation and their position within the decision process by defining the relevant actors, objectives, expected results after making decision, considering relevant criteria.

A problem formulation: is a formulating process by using information from the previous step to construct a problem model. This is an effort to translate descriptive information to a formal problem. Set of feasible and realistic alternative actions are proposed in this process. Decision makers have to identify which problem category will be applied in their problem, e.g. predefined, chosen one, ranking, sorting, classification, etc. In order to formulate problem model, it is possible to choose more than one category regarding to the problem characteristics and the stakeholder requirements.

An evaluation model: is constructed by choosing the method, which produces the result of the problem. The constraints should be applied here. Decision makers can choose more than one method depending on the typed of procedure. In addition, they can construct more than one model and then compare the result in each model.

A final recommendation: represents the return to reality for the decision aiding process.

To guarantee that the result from an evaluation model is consistent with the stakeholder's concern. Before decision makers formulate the final recommendation, at least three precautions should take into account; sensitivity analysis, robustness analysis, and legitimation.

The context of this section focuses on the first and second step. Problem situation and problem formulation are enhanced as the results. Moreover, the preliminary methods to construct an evaluation model are presented in a conclusion section. 

MCDA methods can be categorized by means of operational approach in decision

process. Roy divided multiple criteria methods into three operative approaches:

(1) Methods based on the use of a single synthesizing criterion without incomparability i.e. multi attribute utility theory (MAUT), simple attribute rating technique (SMART), analytical hierarchy process (AHP)

(2) Methods based on the synthesis by outranking with incomparability i.e.

evaluation ELECTRE methods, PROMETHEE, novel approach to imprecise assessment and decision environment (NAIADE) and

(3) Methods based on interactive local judgments with trial-and-error iteration.

The first and the second approaches provide a clear mathematical structure, but the third does not use any formal model of the decision maker's preference system.

The third approach is based on a formal procedure organizing a dynamic sequence of questions that the decision maker must answer.

Another point of view to divide MCDA methods is based on the set of alternatives characteristic (Voogd, 1981). If the set of alternatives is finite, it would be categorized as discrete methods, which corresponds with single synthesizing criterion and outranking methods. If the set of alternatives is infinite, it would be categorized as continuous methods (programming methods). The MCDA method characteristics in each category are summarized in Table 4.2. 

Single synthesizing criterion methods

Each performance of alternative a on g criterion is defined to assign a well-defined degree;

The aggregation procedure is addressed in this approach leads to defining a complete pre-order on set A;

Most often, the formal rules consist in mathematical formulas is used to define and explicit definition of a unique criterion;

Excluding the existence of any incomparability and to imposing the transitivity of preferences and indifferences; 

THE CRITERIA FOR SELECTING MCDA

MCDA methods differ in the way of the idea of multiple criteria is operationalized. There is no the best method which can be used in all problems. Each method shows its own properties with respect to the problem characteristics i.e. the way of constructing criteria, the application and computation of weights, the mathematical algorithm utilized, the model of preferences, the data characteristics, and stakeholders who participate in the decision process. So, decision maker has to select an appropriate MCDA method, which respects to the problem situation, to utilize the results of decision making to meet decision maker's objective.

De Montis et al. (2002) proposed the criteria for to selecting MCDA method divided into three categories. The first is criteria concerning the theoretical foundations of operational component elements. The second is criteria concerning the user context.

The last one is the criteria concerning problem structure. In each category consists of sub-criteria to analyze the decision problem situations. Table 4.3 shows the sub-criteria in each quality criterion. 

IDENTIFY PROBLEM SITUATIONS IN THE CONTEXT OF SUPPLIER'S PERFORMANCE EVALUATION

According to the objective of this part, which is selecting MCDA method to evaluate sustainability performance of suppliers, we use the framework of decision aiding process (Figure 4.1) as a framework to identify problem situations.

DETERMINE OBJECTIVE OF DECISION PROBLEM

This step involves the context of defining decision maker's objective, preferences model characteristics, which relate to potential actions (or alternatives) ; criteria building procedure; data characteristics, and expected result from decision process.

There are two research questions of our research work, which are (1) how to measure sustainability of suppliers, and (2) how to improve sustainability performance.

Moreover, this work focuses on an electronic industry in Thailand and considers the activities in sourcing process. Hence, the research objective is to develop sSCM performance evaluation model which can be enhance the level of sustainability performance and gives a direction to improve sustainability to company among the supply chain.

The expected result is divided into two stages regarding to the research questions. The result of first stage is level of sustainability performance of organization. The managers of organization can benchmark their overall sustainability with other competitors or other companies in the supply chain. Thus, the problematic in this stage falls in ranking problematic area. After that, the result of second stage will support the recommendation for organization's manager on how to improve sustainability performance to a higher level. Hence, the second results should provide the information of important factors which effect to overall sustainability performance and how to increase the performance of each factor. The second preference model is an extension analysis regarding to the results of first model. Hence, this thesis focuses on the first preference model and will work on the second preference model later in the future work.

DETERMINING A SET OF FEASIBLE ALTERNATIVES

According to the definition of feasible alternatives (or potential actions) is considered as the solution of decision problem. This work considers a set of feasible alternatives as set of the suppliers that the focal company wants to evaluate their sustainability performance. Hence we use a term of considered suppliers as a same meaning as feasible alternatives. A is a set considered suppliers ai consisting of m companies can be denoted as ; A = (a1 , … , am).

Because of set A is a discrete set, the characteristic of MCDA approach falls in a discrete 

ANALYZING CRITERIA CHARACTERISTICS

A set of criteria (or attributes) can be considered as relevant factors which significantly effect to the decision problem. In the context of sustainable supply chain management, the objective of companies is to increase their sustainability performance. The objective value of our research work is an overall sustainability performance, and then the sustainability indicators can be considered as the attributes of company's sustainability.

According to sustainability aspects in research work where is the overall value of the ith alternative, is the utility of the ith alternative with respect to the jth attribute measured by means of the utility function, and the weight is a normalized weight or scaling constant for attribute j, so that, ∑ = 1

ANALYTICAL HIERARCHY PROCESS (AHP)

The AHP method, which was developed by [START_REF] Saaty | The analytic hierarchy process[END_REF], is based on three principles; decomposition, comparative judgment and synthesis of priorities.

-The decomposition principle requires the decision problem to be decomposed into a hierarchy, which can capture the essential elements of the problem -The principle of comparative judgment requires pairwise comparisons of elements within a level of hierarchical structure. -The synthesis principle takes each of the derived ratio-scale priorities in the various levels of the hierarchy and constructs a composite set of priorities.

EVAMIX

The EvaMix method allows using quantitative as well as qualitative data. This method is typically used to cope with decision making problems at different geographical scales.

EvaMix supports stakeholder participation in weighting assignment process. This method consists of five steps, which are (1) make a distinction between ordinal and 

THE SELECTED APPROACH: FUZZY ANALYTICAL HIERARCHY PROCESS (FAHP)

According to the previous section, AHP is selected to employ as a MCDA approach for evaluating supplier's performance. Moreover, from the literature review on green supplier selection various researchers adopted the AHP or fuzzy AHP for supplier selection problem. [START_REF] Handfield | Applying environmental criteria to supplier assessment: A study in the application of the Analytical Hierarchy Process[END_REF] illustrated the case of AHP as a decision support tool for helping managers understand the trade-offs between environmental criteria. They demonstrated how AHP can be used to evaluate the relative importance of various environmental traits and to access the relative performance of several suppliers along with the traits. [START_REF] Chiou | Comparative investigation on green supplier selection of the American, Japanese and Taiwanese Electronics Industry in China[END_REF] applied FAHP to solve the green supplier selection problem by a ranking system based on different weights using four environmental criteria among six major criteria. This application was to determine the relative importance of selecting green suppliers across a multicultural setting including American, Japanese, and Taiwanese electronic industries in China. [START_REF] Lee | A green supplier selection model for high-tech industry[END_REF] applied FAHP integrated with the Delphi method for green supplier evaluation. The Delphi method was initially used to differentiate the criteria for evaluating traditional and green suppliers. FAHP is used to solve the green supplier selection process; they focused on the efficiencies of FAHP. They used 11 main criteria and 41 sub criteria. [START_REF] Grisi | Supplier Performance Evaluation for Green Supply Chain Management[END_REF] implemented a fuzzy AHP for green supplier evaluation. Fuzzy logic was adopted to overcome uncertainty arising from human qualitative judgment. This approach allows better management of data involved in global decisions, covers the use and integration of quantitative and qualitative data, provides the necessary flexibility for the analysis of problem, and facilitates tasks of verification for the robustness of the decision taken.

As the supplier selection or evaluation problem involves both qualitative and quantitative criteria, AHP not only can handle adequately the inherent uncertainty and impression of human decision making process, but also it can provide the robustness and flexibility needed for the decision maker to understand the decision problem. AHP

shows the performance of a supplier with respect to each sub criteria and main criteria, so it shows the supplier status on each criterion. Also, mathematically and philosophically, AHP provides an easily understandable and defensible approach to practitioners. It allows practitioners to be involved in the analysis and actually to guide the decision more effectively. This managerial transparency and lack of complexity allow for greater acceptance by both researchers and practitioners. The consistency verification operation of AHP contributes greatly to prevent inconsistency because it acts as a feedback mechanism for the makers to review and revise the judgment.

AHP is not without its critics, however, so ample consideration should be given to its limitations. The growth and application of AHP may derive more from a convenience and simplification perspective rather than from a strong theoretical mathematical perspective. The utilization and integration of fuzzy techniques may be advantageous for some settings, but criticism has also been targeted to the overreliance on fuzzy mathematics for these decision environments. Additional research on the ultimate solution quality under fuzzy and regular numerical valuations is necessary to determine whether the addition of fuzzy logic is a worthwhile effort.

THEORETICAL OF ANALYTIC HIERARCHY PROCESS AND FUZZY SET

ANALYTIC HIERARCHY PROCESS (AHP)

AHP [START_REF] Saaty | The analytic hierarchy process[END_REF]) is a well-known multi-criterion decision making technique. It is a useful, simple and systematic approach. In this approach first a hierarchy is developed from more general (upper levels) criterion to the particular (bottom levels) or from the uncertain or uncontrollable to the more certain or controllable one.

The hierarchy of the decision variables is the subject of a pairwise comparison of the AHP. In the traditional AHP, the pairwise comparison is made using a nine-point scale (1-9) which converts the human preferences between available alternatives as equally, moderately, strongly, very strongly or extremely preferred. Thus the AHP uses only absolute scale numbers for judgments and for their resulting priorities. Even though the discrete scale of AHP has the advantages of simplicity and ease of use, it is not sufficient to take in account the uncertainty associated with the mapping of one's perception to a number. In spite of its popularity and simplicity in concept, this method is often criticized for its inability to adequately handle the inherent uncertainty and imprecision associated with the mapping of the decision-maker's perception to exact numbers. In the traditional formulation of the AHP, human's judgments are represented as exact (or crisp, according to the fuzzy logic terminology) numbers.

To make a decision in an organized way to generate priorities, decision maker needs to decompose the decision into the following steps.

Step 1 Define the problem and determine the kind of knowledge sought.

Step 2 Structure the decision hierarchy (as shown in Figure 4.2) from the top with the goal of the decision, then the objectives from a broad perspective, through the intermediate levels (criteria on which subsequent elements depend) to the lowest level (which usually is a set of the alternatives). In order to determine the final priorities of the alternatives in step 4, the relation between criteria and alternatives should be concerned. There are two ways in which the criteria are related to the alternatives dealing with the cases of independence and quasiindependence of the criteria from the alternatives which are:

1. Absolute Measurement. The ranking of the criteria is completely independent of the particular alternatives, of the decision problem being considered, and of their number and measurements. This case has the closest parallel with multi attribute utility theory (MAUT). This approach is used when it is desired to rank alternatives according to standards established through the experience of experts even if one may disagree with these standards. Given the priorities of the criteria, absolute measurement involves a normative assessment by introducing intensities or degrees with which an alternative is rated with respect to a criterion. One of an advantage of the absolute measurement of the AHP is there can never be reversal in the rank of the alternatives by adding or deleting other alternatives.

2. Relative Measurement. The ranking of the criteria is initially independent of the particular alternatives in the decision problem being considered, but the results are later rescaled as a result of the measurements of the alternatives. This approach carried out by pairwise comparing the alternatives according to their relative dominance with respect to each criterion. In relative measurement the preference for an alternative is determined by all other alternatives. It means that the alternatives are not independent from each other for the determination of their priorities. This dependence among the alternatives may be reinterpreted as a rescaling of the priorities of the criteria depending on how many alternatives there are. The rank can be reversal when adding new alternatives or deleting others.

However, in many practical cases the human preference model is uncertain and decision-makers might be reluctant or unable to assign exact numerical values to the comparison judgments. Since some of the evaluation criteria are subjective and qualitative in nature, it is very difficult for the decision-maker to express the preferences using exact numerical values and to provide exact pairwise comparison judgments. The traditional AHP cannot straightforwardly be applied to solving uncertain decisionmaking problems.

In order to eliminate this limitation, in the next section we discuss the fuzzy set theory, which is capable for tackling the uncertainty and imprecision of evaluation process. It is more desirable for decision makers to use interval or fuzzy evaluations to handle the vagueness of the data involved in multi-criterion decision-making problems.

FUZZY SETS THEORY

Fuzzy set theory has proven advantages within vague, imprecise and uncertain contexts and it resembles human reasoning in its use of approximate information and uncertainty to generate decisions. It was specially designed to mathematically represent uncertainty and vagueness and provide formalized tools for dealing with the imprecision intrinsic to many decision problems. Fuzzy set theory implements classes and grouping of data with boundaries that are not sharply defined (i.e. fuzzy).

Fuzzy set theory includes the fuzzy logic, fuzzy arithmetic, fuzzy mathematical programming, fuzzy graph theory and fuzzy data analysis, usually the term fuzzy logic is used to describe all of these. The major contribution of fuzzy set theory is its capability of representing vague data.

A fuzzy set is characterized by a membership function, which assigns to each object a grade of membership ranging between 0 and 1. In this set the general terms such as 'large', 'medium' and 'small' each will be used to capture a range of numerical values.

The basic definitions of the fuzzy sets and fuzzy numbers from literatures [START_REF] Chang | A comparison of discrete algorithm for fuzzy weighted average[END_REF][START_REF] Klir | Fuzzy sets and fuzzy logic: Theory and applications[END_REF][START_REF] Zadeh | Fuzzy Sets[END_REF] in fuzzy multi-criteria decision making are discussed as follow:

Definition 1: The membership function of a triangular fuzzy number (see Figure 4. 
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FUZZY AHP METHODOLOGY

In traditional AHP approach, the pairwise comparison matrices are treated as crisp matrices. In fuzzy AHP (FAHP), one uses fuzzy numbers for the pairwise comparisons and the main problem is to compute the corresponding fuzzy weights. Direct computation of fuzzy eigenvalues and fuzzy eigenvectors from a fuzzy, positive, reciprocal matrix is very complicated. Various methods deviate from the original procedure used by Saaty in AHP for finding the weights are still too computationally difficult.

Step 1 Define the problem and determine the kind of knowledge sought.

The objective of this performance measurement system is to measure sustainability performance of suppliers.

Step 2 Structure the decision hierarchy from the top with the goal of the decision, then the objectives from a broad perspective, through the intermediate levels (criteria on which subsequent elements depend) to the lowest level (which usually is a set of the alternatives).

Step 3 Construct a set of pairwise comparison matrices by comparing important weight criteria. Each element in an upper level is used to compare the elements in the level immediately below with respect to it.

Step 3.1: Comparing important weight criteria

In the problem consists of criteria, decision-maker is required to give a relative important in each pair of criterion. The membership function of comparison ratio ̃ is a triangular fuzzy number, with ̃ ( ) and ̃ is taken as ( ̃ ) ( ) . [START_REF] Van Laarhoven | A fuzzy extension of Saaty's priority theory[END_REF]) estimated ( ̃ ) for triangular fuzzy number as;

If a triangular fuzzy number ̃ ( ), then

̃ =( ̃ ) ( ) ( ) (4-6)
This step results in a fuzzy comparison matrix ̃ [ ̃ ] which is a fuzzy, positive, reciprocal matrix.

Step 3.2: Checking consistency Before calculate a priority weight vector of criteria , decision maker has to check the consistency of comparison matrix. If the decision-makers generate "perfect" judgment, the comparison matrix [ ] is said to be "consistent" when for all and and the largest eigenvalue is always equal to

. In this situation the comparison matrix obviously satisfies the transitivity property for all pairwise comparisons.

For example, indicator is more important than 3 times and indicator is more important than 2 times. Such that, should be more important than 6 times and we can call this comparison is consistent. But for the human judgment in practical, decisionmakers cannot make a precise judgment, the condition does not hold as human judgments are inconsistent to a greater or lesser degree. [START_REF] Csutora | Fuzzy hierarchical analysis: the Lambda-Max method[END_REF]) [START_REF] Saaty | The analytic hierarchy process[END_REF] has calculated large samples of random matrices of increasing order and the Consistency Indices (CI) of matrices. A true Consistency Ratio (CR) is calculated by dividing the CI for the set of judgments by the index for the corresponding random matrix. [START_REF] Saaty | The analytic hierarchy process[END_REF] suggests that if that ratio exceeds 0.1 the set of judgments may be too inconsistent to be reliable

In the case of fuzzy comparison matrix, a fuzzy, positive, reciprocal matrix ̃ [ ̃ ] for all is defined [START_REF] Csutora | Fuzzy hierarchical analysis: the Lambda-Max method[END_REF] to be consistent when In this work, ̃ ( ) is a triangular fuzzy number, thus .

̃ ̃ ̃ ( 
To form the crisp matrix, we choose a crisp number [ ] for calculating the consistency index (CI) and consistency ratio (CR). A random index ( is a constant value depending on number of criteria [START_REF] Saaty | The analytic hierarchy process[END_REF].

(4-8) (4-9)

Step 5 Ranking the final weight of alternatives

The importance degree of alternatives in the objective can be incorporated into the formulation using fuzzy priorities and rating of alternatives. For each criterion (indicator, metric, measure, etc.). Decision maker obtains the fuzzy positive reciprocal matrix ̃ from the pairwise comparison of criteria. Fuzzy weights for criteria ̃ ̃ ̃ ̃ are computed from matrix ̃. If is a set of alternative, { }, the decision maker obtains a performance matrix ̃ for alternative of all criteria by the rating evaluation. The final fuzzy weight of alternative can be obtained by using the fuzzy weight average,

̃ ̃ ̃ ̃ ̃ ̃ (4-10)

THE REVIEW OF EXTENT ANALYSIS AND LAMBDA MAX METHOD

EXTENT ANALYSIS METHOD

The priority vector is calculated by comparing a fuzzy number of the value of fuzzy synthetic extent with respect to the i-th criterion . The fuzzy synthetic extent value is defined as

̃ ∑ ̃ [∑ ∑ ̃ ] (4-11)
where as

∑ ̃ = ̃ ̃ ̃
The symbol is the fuzzy additive operator [START_REF] Klir | Fuzzy sets and fuzzy logic: Theory and applications[END_REF]. For the fuzzy triangular number,

̃ ̃ (4-12)
The symbol is the fuzzy multiplicative operator [START_REF] Klir | Fuzzy sets and fuzzy logic: Theory and applications[END_REF].

If ̃ and ̃ are both triangular fuzzy number, then ̃ ̃ , which is proven by [START_REF] Van Laarhoven | A fuzzy extension of Saaty's priority theory[END_REF].

To obtain the estimates for the vectors of weight under each criterion, a principle of comparison for fuzzy numbers is considered.

Let ̃ and ̃ be two fuzzy numbers with its membership function and respectively. The degree of possibility of ̃ is greater than ̃ is defined as

[ ̃ ̃ ] [ ] (4-13)
When a pair (x,y) exists such that and = Figure 4.4 The degree of possibility of when comparing two fuzzy numbers

Step1: The value of fuzzy synthetic extent with respect to ith indicator is defined as:

̃ ∑ ̃ [∑ ∑ ̃ ] (4-14)
where denotes the extended multiplication of two fuzzy numbers. In order to obtain ∑ ̃ , perform the fuzzy addition operation of extent analysis values for a particular matrix such that

∑ ̃ (∑ ∑ ∑ ) (4-15)
and to obtain [∑ ∑ ̃ ] perform the fuzzy addition operation of ∑ ̃ values such that

∑ ∑ ̃ (∑ ∑ ∑ ∑ ∑ ∑ ) (4-16)
and then compute the inverse of the vector ∑ ∑ ̃ , such that

[∑ ∑ ̃ ] ( ∑ ∑ ∑ ∑ ∑ ∑ ) (4-17)
The value of fuzzy synthetic extent ( ̃ ̃ ̃ ̃ is the eigenvector of the comparison matrix ̃

Step 2: The degree of possibility of ̃ ̃ is defined as -18) and can be equivalently express as follow

( ̃ ̃ ) [ ̃ ̃ ] [ ] (4 
𝜈(𝑀 ̃ 𝑁 ̃ ) 𝑀 ̃ 𝑁 ̃ ( ̃ ̃ ) ̃ ̃ { (4-19)
To compare ̃ and ̃ , we need both of the value ( ̃ ̃ ) and ( ̃ ̃ ).

Step 3: The degree possibility for a convex fuzzy number to be greater than k convex fuzzy number ̃ can be defined by

( ̃ ̃ ̃ ̃ ) ( ̃ ̃ ) (4-20)
Step 4: Finally,

( ( ̃ ̃ ) ( ̃ ̃ ) ( ̃ ̃ )
) is the weight vector for k = 1, 2, … n 4.9.2 LAMBDA-MAX METHOD [START_REF] Csutora | Fuzzy hierarchical analysis: the Lambda-Max method[END_REF] proposed a method to find the fuzzy priority weights in fuzzy AHP, which is called the Lambda-Max method. This method obtains a fuzzy weight vector by using α-cuts and interval arithmetic.

The decision-makers are asked to give relative paired comparisons of indicators by using fuzzy ratios. For indicators, the matrix ̃ [ ̃ ] is a fuzzy, positive,

reciprocal matrix. If ̃ ( ), then ̃ = ( ̃ ) ( ) ( ) ( ) (4-21)
Note that ̃ is a triangular fuzzy number, but ( ̃ ) is not exactly a triangular fuzzy number.

We need the -cuts of all the ̃ . If ̃ ( ), then set

̃ * + (4-22) ( ̃ ) [ ( ) ( ) ] (4-23)
where ̃ is a lower bound of and is an upper bound of ̃ . In our problem, we will use { }.

For finding the fuzzy weight vector for a fuzzy, positive, reciprocal matrix with the Lambda-Max method, the computation of important weight is described by using a numerical example in the next section:

Let ̃ be an fuzzy, positive, reciprocal matrix with elements ̃ . Let ̃ * +. 

If

Criteria H QM QS H (1,1,1) (2/3, 1, 3/2) (2/7, 1/3, 2/5) QM (2/3, 1, 3/2) (1,1,1) (2/5, 1/2, 2/3) QS (5/2, 3, 7/2) (3/2, 2, 5/2) (1,1,1)
HSP (2/5, 1/2, 2/3) (1,1,1) (2/3, 1, 3/2) HSV (2/5, 1/2, 2/3) (2/3, 1, 3/2) (1,1,1)
Table 4.9 Fuzzy Comparison Matrix with respect to quality of meal

Criteria VM CoM CaM TM VM (1,1,1) (3/2, 2, 5/2) (2/7, 1/3, 2/5) (5/2, 3, 7/2) CoM (2/5, 1/2, 2/3) (1,1,1) (2/7, 1/3, 2/5) (7/2, 4, 9/2) CaM (5/2, 3, 7/2) (5/2, 3, 7/2) (1,1,1) (5/2, 3, 7/2) TM (2/7, 1/3, 2/5) (2/9, 1/4, 2/7) (2/7, 1/3, 2/5) (1, 1, 1)
Table 4.10 Fuzzy Comparison Matrix with respect to quality of service 

Criteria BSP ST CP PS BSP (1,1,1) (2/9, 1/4, 2/7) (7/2, 4, 9/2) (2/7, 1/3, 2/5) ST (7/2, 4, 9/2) (1,1,1) (7/2, 4, 9/2) (5/2, 3, 7/2) CP (2/9, 1/4, 2/7) (2/9, 1/4, 2/7) (1,1,1) (2/7, 1/3, 2/5) PS (5/2, 3, 7/2) (2/7, 1/3, 2/5) (5/2, 3, 7/2) (1, 1, 1)

PROPOSED FAHP APPROACH

The fuzzy multi criteria decision aiding was developed based on FAHP approach and adapted for the supplier performance measurement problem. The decision maker's knowledge for measuring sustainability performance was represented first through fuzzy linguistic variables, and then gave an important weight of criteria through pairwise comparison matrices, and finally defined criteria rating for assessing supplier's performance in each criterion.

According to the numerical example comparing EA and LM method, we found that if there is a dominant criterion as shown in Figure 4.10, it is possible to obtain zero weight for other criteria when using the EA method. Meanwhile the LM method contains a complexity of calculation which is difficult for implementing in the real-life situation.

Therefore, this thesis proposes the FAHP method which aims to provide an easily method to handle a complex problem, which involves with various indicators and alternatives, in real-life problem. The details of these three methods are explained in section 4.10.1 to 4.10.3 respectively.

After the FAHP method, supplier's performance is ranked by defuzzification method.

The details in each step are shown as follows:

Step 1 Define the problem and determine the kind of knowledge sought.

The objective of this performance measurement system is to measure sustainability performance of suppliers.

METHOD-I: MODIFIED THE EXTENT ANALYSIS METHOD

We found that an extent analysis method can lead to misapplication on FAHP. The EA method uses a crisp value as a priority weight of criteria by using the degree of possibility. The degree of possibility defined by EA method is an index for comparing two triangular fuzzy numbers rather than an index for calculating their relative importance. Thus, normalized degrees of possibility can only show to what degree a triangular fuzzy number is greater than the others, but cannot used to represent their relative importance.

Assume that we get a consistent comparison matrix. For finding fuzzy priority weight we proposed the additive extent principles to find summation row to obtain fuzzy priority. Firstly, using the additive extent principles to find the row summation to obtain fuzzy priority value of each criterion:

̃ ∑ ̃ (∑ ∑ ∑ ) (4-37)
Then, normalize the row summation. Generally, the normalization method for a set of triangular fuzzy weights ̃ by using the following equation:

̃ ( ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ) (4-38)

METHOD-II: MODIFIED THE NORMALIZATION METHOD

Because of interval and fuzzy weights often need to be normalized in multiple criteria decision analysis (MCDA) with uncertainty especially in analytic hierarchy process (AHP) with interval or fuzzy judgments. The existing normalization methods based on interval arithmetic and fuzzy arithmetic are found flawed and need to be revised. [START_REF] Wang | On the normalization of interval and fuzzy weights[END_REF] proposed the normalization method which produces consistent, stable, realistic and normalized weight intervals as shown in equation (4-39)

̃ ( ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ) (4-39)
Thus, the proposed FAHP method-II employs [START_REF] Wang | On the normalization of interval and fuzzy weights[END_REF] method in equation (4-39) instead of using the row summation in equation (4-38) for calculating the fuzzy priority weight.

METHOD-III: EMPLOY THE WEAKEST T-NORM ARITHMETIC

This proposed FAHP method-III uses the weakest t-norm arithmetic to approach final fuzzy priority weight of supplier's performance. Tw arithmetic can be observed by two characteristics. First, it is well known that the addition/subtraction/multiplication/ division of fuzzy numbers by Tw preserves the original shape of the fuzzy numbers.

Second, the weakest t-norm operations achieve a more exact performance, which means smaller fuzzy spreads under uncertain environments [START_REF] Chang | A comparison of discrete algorithm for fuzzy weighted average[END_REF][START_REF] Lin | Combining fuzzy weight average with fuzzy inference system for material substitution selection in electric industry[END_REF]. By Tw, the fuzzy priority weight can be formulated as follow:

(4-40)

After the FAHP method, the alternative substitutions obtained their fuzzy performances.

In order to assist in the decision-making, we adopt the defuzzification method to specify a decision point and rank supplier's performance. The most widely use method to defuzzify fuzzy number is the center of gravity (COG) method. The COG can be defined as:

∫ ̃ ∫ ̃ (4-41)
4.12. NUMERICAL ILLUSTRATION

RESULTS OF PROPOSED FAHP METHODS

This section shows by example that the weights determined by the EA method do not represent the relative importance decision criteria and cannot be used as their priorities. The three proposed methods are applied to an example from [START_REF] Wang | A modified fuzzy logarithmic least squares method for fuzzy analytical hierarchy process[END_REF]) with a slight change, which is explained in section 4.10

The weights obtained for three main criteria and 11 sub-criteria are synthesized using the three proposed methods. The priority weights in each level are shown in Table 4.13

to Table 4.16. 

CONCLUSION

The supplier performance evaluation in sustainability context is a multi-criteria decision problem. The performance measurement model in this thesis employed the FAHP approach for evaluating sustainability performance. Among the various methods in determining the criteria weights of FAHP, the LM method gives better results compared to the EA method in terms of weight accuracy. The EA method may assign an irrational zero weight to decision making problems. However, the LM method is quite complex for implementing in a practical situation. Thus, this thesis proposed three new approaches by modified the EA method, modified a normalization method, and using the weakest Tnorm for aggregation in order to evaluate sustainability performance of supplier.

The proposed FAHP approaches obtained the rank of alternative as same as the results from the lambda-max method. These proposed FAHP methods have ability to capture The case study company joined the EICC to help the industry improve social, economic and environmental outcomes for all those involved in the electronics supply chain. Thus, the case study company works with its business partners to drive the goals set forth in the EICC Code of Conduct through its supply chain to ensure that all of its supply partners are in compliance with the EICC Code and its goals.

The company aims to motivate suppliers for participating in EICC (Electronics Industry Citizenship Coalition) program. And it needs to measure supplier's sustainability performance based on EICC code of conducts. Moreover, the case study company needs to integrate sustainability performance of their suppliers with their existing supplier performance assessment system for supporting company's decision-making.

Section 2 provides the supplier's sustainability performance assessment by using the proposed FAHP method-III, which is described in chapter4. The results of an assessment are also discussed. Next the model validation by comparing rank preservation with two existing methods is discussed. The discussion of results is shown in section 5. The final section is a conclusion of the case study.

PROBLEM DEFINITION

HDD is the main product of this company. HDD consists of five main components namely head stack assembly, spindle motor base, print circuit board assembly (PCBA), glass disk .1. Because of 50 percent of total suppliers are located in Thailand, therefore it is comfort to communicate and motivate suppliers for adopt sustainability practices in their business operation. The performance measurement will be developed for assessing supplier's sustainability and will be explained in this section. 

DEFINING MEASUREMENT SCALE

The case study company works with more than 200 suppliers. Hence, the performance measurement system should suit for dealing with a large number of suppliers. As the discussed in chapter 3 that in order to measure performance of several suppliers, an absolute measurement approach should be adopted. Hence, company should construct the criteria rating in each criterion for judgment. This step is to determine the fuzzy normalization rating to convert supplier performance from quantitative or qualitative values to fuzzy numbers. Company has to develop the rating condition in each measure to convert quantitative or qualitative value into fuzzy number. An example of criteria rating of quantitative indicator is shown 

CONSTRUCT A SET OF PAIRWISE COMPARISON MATRICES

After constructing the hierarchy, pairwise comparisons were performed systematically to include all the combinations of criteria in all level (dimensions, indicators, and measures). The criteria were compared according to their relative importance with respect to the parent element in the adjacent upper level. This approach is found to be very useful in collecting data. This determination is performed through using pairwise comparisons. The function of the pairwise comparisons is by finding the relative importance of the criteria and sub criteria which is rated by and linguistic scale regarding relative importance is given in, which indicates the level of relative importance from just equal, equal important, weakly more important, strongly more important, very strongly more important, and absolutely more important. (1,1,1) (1/2,1,3/2) (1, 3/2, 2) (3/2, 2, 5/2) (2, 5/2, 3) (5/2, 3, 7/2)

PAIRWISE ANALYSIS OF MAIN CRITERIA: SUSTAINABILITY DIMENSIONS

The supply chain manager of the company is the respondent who filled the pairwise comparison matrices by using the linguistic scale that is shown in Table 5.5. The questionnaire including all possible pairwise comparison combinations was distributed to the manager for collecting the data.

The manager made all the pairwise comparisons using semantic terms from the fundamental scale and then translated these to the corresponding fuzzy numbers. The questions to ask when comparing two criteria being compared, which is considered more important by the manager while evaluating supplier performance, and how much more important is it with respect to selection. Table 5.6 represents the principal matrix of comparison, which contains the comparison between sustainability dimensions in relation to the overall objective of the problem i.e. the evaluation of supplier's sustainability performance. From Table 5.6, the supply chain manager judged that the economic (EC) performance is strong more important (SMI) than environmental (EN) performance and absolutely more important than social (SO) performance. Next, the environmental performance is very strongly more important (VSMI) than the social dimension. After that, the linguistic values are transformed into the fuzzy numbers that are shown in Table 5.7.

The consistency test is one of the essential features of the AHP method which aims to eliminate the possible inconsistency revealed in the criteria weights, through the computation of consistency level of each matrix. The consistency ratio (CR) was used to determine and justify the inconsistency in the pairwise comparison made by the respondents. Based on Saaty's empirical suggestion that the judgment of a respondent is accepted if [START_REF] Saaty | The analytic hierarchy process[END_REF], it is concluded that the foregoing pairwise comparisons to obtain attribute weights are reasonably consistent. If , the weight result are valid and consistent. In contrast, if , the matrix results are inconsistence and are exempted for the further analysis. The respondent was requested to carefully evaluate the criteria until consistency was achieved. According to the respondent judgment in Table 5.6 and Table 5.7, the value is calculated following the formula in equation (4-8) and (4-9). In this case, the comparison matrix of main criteria is considered as consistent because the value is lower than 0.10. The same procedure is then carried out for the other comparison matrices in this case study. 5.11 and Table 5.12. It is found that both comparison matrices are consistence. -Green competencies (EN4) which is indicated by three measures i.e eco-design implementation (EN4.1), implementing product life cycle analysis (EN4.2), and initiatives to implement green technology (EN4.

PAIRWISE ANALYSIS

SO1 SO2 SO3 SO4 SO1 (1, 1, 1) (1, 1, 1) (1, 3/2, 2) (1, 3/2, 2) SO2 (1, 1, 1) (1, 1, 1) (1, 3/2, 2) (2/5, 1/2, 2/3) SO3 (1/2, 2/3, 1) (1/2, 2/3, 1) (1, 1, 1) (2/5, 1/2, 2/3) SO4 (1/2, 2/3, 1) (3/2, 2, 5/2) (3/2, 2, 5/2) (1, 1, 1)
3)

The results of the pairwise analysis for these four indicators are shown in Table 5.13 to 

DETERMINING THE FUZZY PRIORITY WEIGHT

According to the proposed FAHP methods which are described in Chapter 4, the FAHP Method-III is selected to implement for this case study to obtain the fuzzy priority weight and to rank the supplier's performance. This section consists of three steps as follow:

DETERMINING THE LOCAL AND GLOBAL PRIORITY WEIGHT

A) Local priority weight

A local priority weight vector can be generated for the matrix of judgments (Table 5.7 to Table 5.20) in each level of hierarchy structure by using the normalization method in equation (4-32). The normalized fuzzy local weights shown in Table 5.22 represent the relative importance of the criterion in each hierarchy level.

According to the pairwise comparison matrix of sustainable dimension in Table 5.11, the normalized fuzzy priority weight of criterion can be obtained by

̃ ( ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ )
In order to compute

̃ ̃ ∑ ∑ ∑ ∑ ( ) ( ) ( ) ( ) ̃ ∑ ∑ ∑ ( ) ( ) ̃ ∑ ∑ ∑ ∑ ( ) ( ) ( ) ( )
Hence, the local priority weight of the economic dimension ( ̃ ) is (0.4323, 0.5114, 0.5824). Based on the similar computation, the local priority weight of the environmental dimension ( ̃ ) is (0.2764, 0.3409, 0.4135) and the local priority weight of the social dimension is (0.1219, 0.1477, 0.1845). 5.21. It is found that the weight of economic, environmental, and

ASSESSING SUPPLIER'S PERFORMANCE

The main objective for adopting this measurement method is the evaluation of supplier for a hard disk drive manufacturing company. After weighting the FAHP model for determining priority weight for alternatives, the decision maker evaluates suppliers in each sustainability measure (level 3) by using the measurement rating scale described in section 5.3.2. The five suppliers are selected to use as an example for the practical application of the proposed FAHP model (Method-III). The five-scale of linguistic rating, which are very weak (VW), Weak (W), Average (AVG), Good (G), and Very good (VG), is used for evaluating supplier's performance in each measure.

The supplier's performance in each measure is judged and the results are shown in The decision maker can use the results of this evaluation for establishing sustainability improvement strategy in the supplier management module. The detailed analysis in each sustainable dimension will present in the next section.

SYNTHESIZING THE RESULTS

This section is concentrating in synthesizing the results which are achieved by the proposed FAHP method-III. Each sub-section describes the results of the main criteria (i.e. economic, environmental, and social dimension) and shows the suppliers ranking by the weights they achieved.

ECONOMIC PERFORMANCE

A) Synthesizing weight of sustainability measures

The economic performance in this sustainability evaluation is conducting from two indicators which are supplier quality performance and supplier business performance.

Each indicator consists of three measures which were explained in section 5.3.

According to the global priority weight of sustainability measures in economic dimension (see Table 5.23), considering in sustainability measure level (level3), the most important measures is number of line interruption (EC1.2) and the less important measure is sub-supplier management (EC1.3). 

MODEL VALIDATION

Validation is a key part of model development process which increases confidence in the model and make it more valuable. This section provides the validation process and its finding. However, as background information, the section first outlines the various techniques available for performing validation process and the rationale behind the adoption of the technique used for validating this model.

MODEL VALIDATION TECHNIQUES

There are various techniques for validating a model, each of which can be used either subjectively or objectively. The latter referring to the use of some type of statistical or mathematical procedures [START_REF] Sargent | Verification and validation of simulation models[END_REF]. The basic idea behind any of these technique is the accumulation evidence regarding the credibility and applicability of the model by an independent, interested party [START_REF] Gass | Feature Article-Decision-Aiding Models: Validation, Assessment, and Related Issues for Policy Analysis[END_REF]. This section describes validation techniques commonly used in model validation. Most of the technique described here are found in the literatures [START_REF] Gass | Feature Article-Decision-Aiding Models: Validation, Assessment, and Related Issues for Policy Analysis[END_REF][START_REF] Sargent | Verification and validation of simulation models[END_REF]. Brief descriptions of these techniques are presents follow:

-Animation: The model's operational behavior is displayed graphically and compared with the actual system.

-Comparison to Other Models: The output of the model being validated is compared to the results of other valid models. This is applicable if such valid models are already available.

-Degenerate Test: The model behavior is known to degenerate at certain situations. The model can be tested to see if it degenerates as expected by simulating such situations in the model using appropriate selection values of the input and internal parameters.

-Extreme Condition Tests: This approach is similar to the degeneracy tests. The model can be tested by running it under extreme conditions to see if the model would behave as would be expected.

-Event Validity: The "events" of occurrences of the model are compared to the real system to determine that they are similar.

-Face Validity: An assessment of this approach is by asking individual knowledgeable about the system whether the model and/or its behavior are reasonable. This technique can be used when no observations on the real system are available.

-Historical Data Validation: If historical data exist, part of the data is used to build the model and the remaining data are used to determine whether the model behaves as the system does.

-Sensitivity Analysis: This technique consists of changing the values of the input and internal parameters of a model to determine the effect upon the model's behavior and its output.

-Traces: The behavior of different types of specific entities in the model is traced through the model to determine if the model's logic is correct and if the necessary accuracy is obtained.

-Turning Test: People who are knowledgeable about the operations of the system being modeled are asked if they can discriminate between system and model outputs.

THE TECHNIQUES ADOPTED FOR VALIDATING THE SUSTAINABILITY MEASUREMENT

MODEL

The appropriate technique to use for validating a model mainly depends on the real world aspect being analyzed and the type of model being used [START_REF] Gass | Feature Article-Decision-Aiding Models: Validation, Assessment, and Related Issues for Policy Analysis[END_REF]. This thesis adopts a comparison to other model technique to validate the proposed FAHP approach.

According to the literatures that adopted the fuzzy AHP method for evaluating supplier's performance, there are various acceptable approaches for determining the fuzzy criteria weights. However, the most popular approach, which is the extent analysis (EA) method, may lead to an elimination of some criteria when it faces a zero weight situation. This work has proved that a zero weight situation can be occurred in chapter 4. Another approach to determine a fuzzy priority weight is the Lambda-Max (LM) method proposed by [START_REF] Csutora | Fuzzy hierarchical analysis: the Lambda-Max method[END_REF]. Hence, to present the validity of the proposed method, this work compares the results with the LM approach.

The model validation is divided into three parts. The first part is to compare the ranking of supplier performance which obtained by the proposed and the LM methods. The next part is a comparison analysis of fuzzy spread of global supplier performance. The final part is to compare the complexity of calculation between these two approaches.

The results by using LM method are shown in Table 5.33, Table 5.34, Figure 5.16, and Figure 5.16. Considering an overall sustainability performance, supplier D is the best performance supplier followed by B, E, C, and A respectively. For economic performance, supplier D is the best performance followed by E, C, B, and A respectively. For environmental performance, the best supplier is B, followed by C, E, A, and D respectively. For social performance, the best supplier is B, followed by A, D, C, and E respectively. The next three sub-sections describe a comparison analysis for validating the proposed FAHP method-III.

of fuzzy spread is shown in Figure 5.17. It shows that the proposed method-III generates a smaller fuzzy spread than the LM method.

Figure 5.17 Fuzziness comparison between proposed and LM method

C) Complexity comparative analysis

Efficiency of algorithm can be measured in term of space complexity or time complexity.

The space complexity is the amount of memory required which an algorithm needs. The time complexity is a measure of the amount of time required to execute an algorithm. This thesis uses only the time complexity for algorithm analysis. The simplified analysis of time complexity can be measured base on number of operations performed [START_REF] Chang | Applications of the extent analysis method on fuzzy AHP[END_REF]. This work uses the number of times of multiplication as a measure to indicate algorithm complexity.

Assume that a decision maker gives fuzzy pairwise comparison matrix, by using the proposed FAHP method-III and the LM method. The number of time of multiplication for determining sustainability criteria weight for the proposed method III and the LM method are computed as follows:

 For the proposed method-III: In equation (4-39), to determine the sustainability criteria weights it needs to use multiplication times.

 For the LM method: The equations (4-26) to (4-36) are major formulas to determine the sustainability criteria weights. If is a number of using for approach, the number of times of multiplication for fuzzy pairwise comparison matrix is

The number of multiplication for determining final weight of suppliers for the proposed method-III and the LM method are obtained as follows:

of supplier. The sustainability indicators and measures, regarding the TBL (i.e. economic, environmental, and social) dimension, are selected corresponding to sustainability policy of the company. The large number of indicators and measures show that the evaluation of sustainability is not an easy task. The FAHP model proposed in this thesis is proved to be simple, less time taking and having less computational expense operation and so it is easy to handle the multi-criteria decision making problems. It has ability to capture the vagueness of human thinking and effectively solve multi-criteria decision making problems.

This chapter demonstrated the application of supplier evaluation model in the hard disk drive manufacturing company. The model is adopted to rank sustainability performance of considered suppliers. It also describes the validation of the model. This case study application verifies that the proposed sustainability measurement model is able to provide rankings of suppliers in term of an overall sustainability, sustainable dimension (economic, environmental, and social), and sustainability measures. This thesis critically examines the sustainability concern associated with supply chain management, and investigates ways of establishing sustainability performance measurement system in supply chain. In acknowledging the importance of considering sustainability issue in supply chain management, the sustainability performance measurement approach of decision-making was examined and discussed. This was explored by identifying and measuring the principal sustainable development criteria that embrace both environmental and social considerations within a sustainable assessment framework for supply chain management.

The supplier performance assessment activity is selected to verify an implementation of the proposed framework. It is also investigates sustainability assessment methods used in supplier evaluation and their deficiencies as a tool to evaluate sustainability performance.

The remainder of this chapter has been divided into several sections to discuss and summarize the research findings. It includes a review of aim and objectives for this research, a summary of the research, conclusions, policy implications arising from the study, limitations and areas for further research.

REVIEW OF AIM AND OBJECTIVES

This research consists of two objectives. The first one is to provide a conceptual framework of sustainable supply chain and a model for measuring sustainability performance. It relates to a general context of performance measurement for sSCM. The second one is to develop sustainability performance measurement system. It relates to an implementation of the proposed framework and approach in supplier performance assessment activity. This thesis has satisfied the aims and objectives specified in the introduction. It has established the performance measurement framework for sustainable supply chain management. Eight sustainability criteria are identified based on the human needs corresponding to the TBL concepts. The model for constructing the sustainability measures is developed by using the process based analysis approach. The supplier performance assessment is selected as a practical case study for implementing this conceptual framework. The performance measurement system uses a multi-criteria decision approach to assess sustainability and evaluate supplier's performance.

SUMMARY OF RESEARCH

This research provides three major contributions. First, this thesis has developed the framework to measure sustainability performance for sSCM. This framework allows decision makers identifying the sustainability measures based on their interesting area in sustainability criteria. There are eight categories of sustainability criteria in this framework which are financial, non-financial, raw material, natural resources, energy, human health and safety, human resources development, and ethical issues. The sustainability criteria in this framework have developed based on the concept of human needs and the TBL concept and have justified by analyze with standards, guide lines, and regulation involving sustainable development perspective. Moreover, this proposed framework enhances an engagement level of elements in supply chain as an important perspective to identifying the sustainability measures. After developing the conceptual framework for measuring sustainability performance, this thesis has proposed an approach to construct the performance measurement model. According to the literature review, the existing process categorization in sSCM focus on primary activities regarding to material flow process but the human resource management and business ethics are supporting (or secondary) activities. Therefore, the processes or activities, which relating to social dimension, are missing in consideration in sSCM. This work enhances the valuable of adopting the value chain model [START_REF] Porter | Competitive Advantage: Creating and Sustaining Superior Performance[END_REF] which covers both primary and secondary activities for constructing the sustainability performance measurement model. Hence the value chain model and the process based approach [START_REF] Chan | An innovative performance measurement method for supply chain management[END_REF]) are adopted for constructing the sustainability measures model. This leads to an implementation of the proposed framework allowing decision makers to measures sustainability performance in any process or activity in the company and its supply chain. In order to implementing the proposed conceptual framework and the model construction method in practical situation, this thesis has selected the supplier performance evaluation problem for measuring sustainability performance.

The second contribution of this work is the development of the tool for measuring sustainability performance by focusing on supplier evaluation problem. Because of sustainability context consists of multi-criteria decision. Therefore the measurement tool is developed based on multi-criteria decision method. This multi-criteria decision model is not used for making a decision such as selecting the best supplier but it is a multi-criteria decision aiding which help manager to establish supplier improvement program based on the results. The measurement tool is developed based on FAHP approach. According to the literature review on adopting FAHP in practical implementation, the extent analysis is the most widely used because it is proved to be simple and less time taking for computation [START_REF] Chan | Global supplier development considering risk factors using fuzzy extended AHP-based approach[END_REF][START_REF] Lee | A green supplier selection model for high-tech industry[END_REF][START_REF] Singh | Development of composite sustainability performance index for steel industry[END_REF]. However, this thesis has proved that the extent analysis method leads to an elimination of some criteria and obtains a zero weight situation if there is a dominance important criteria. Hence, this thesis has proposed three FAHP methods by modified the extent analysis method (Method-I), modified the normalization approach (Method-II), and employed the weakest t-norm arithmetic (Method-III) for determining the fuzzy priority weight. These methods are easy to adopt in real-life problem in industry. The method-I is less complexity than method-II and method-III respectively but the method-I also obtains the larger fuzzy spread than method-II and method-III respectively. However, all three proposed methods obtain the same ranking of supplier's performance and it is the same ranking when adopting the lambda-max method as well.

It is depends on the decision makers to select the proposed FAHP among these three methods for implementing in their situations. The results from supplier's performance help manager for setting the direction to improve supplier's sustainability by using the normalization rating from measurement model.

The third contribution of this thesis is an implementation of the proposed framework and proposed FAHP in the case study company in Thai electronics industry. The case study company aims to evaluate sustainability performance of their suppliers in order to manage and improve supplier's performance. The sustainability performance measurement model consists of 10 indicators and 25 sustainability measures based on three dimensions (economic, environmental, and social). The result of an importance comparison found that the importance weight of economic, environmental, and social dimension are 50.87%, 34.86%, and 15.14% respectively. It means that an economic performance is still the most important and the social performance is the less important of supplier's evaluation. However, if considering the global weight of sustainability measures, some environmental measures are more importance than economic measures.

For example, an initiatives to implement green technology and eco-design implementation are more importance that a sub-supplier management. The case study company works with more than 200 suppliers. In term of assessing supplier's performance, an absolute measurement approach is proposed because it is suitable for dealing with a large number of suppliers. Company should construct the criteria rating in each criterion for judgment. However, this work has selected five suppliers as an example to implement and validate the proposed model. The result of implementation in the case study shows that the proposed FAHP can be adopted in the real-life situation and it is less complicate that the lambda-max method which is an accepted FAHP method.

MANAGERIAL IMPLICATIONS

Sustainable development is of growing importance to the industrial sector because the current exploitation and lacking affection of resources use, together with the pollution generated cannot continue at present rates. Moreover, the negative social impacts are increasing because of the industrial operations. The development of sustainability performance measurement demonstrates a significant contribution to enhance and implement sustainable development and exhibits a way to manage sustainability in supply chain.

An effective of method for sustainable supplier assessment with emphasis on sSCM subjects has been developed. Managers related industries can use the purpose model to evaluate their suppliers or to select the best sustainable supplier for cooperation. Based on the implementation of a sustainable supplier evaluation, companies identify and prioritize opportunities for improvement which may lead to the reduction of impacts of environmental and social impacts that are associated with their activities. Furthermore, the results from proposed approach can be used for benchmarking, to improve sustainability performance and to develop better sustainable processes.

The results guide companies to assess the best supplier among the candidates. They may decide to continue to working with a certain group of suppliers or they may request that their suppliers improve certain defects. The results help managers assign orders after ranking all their suppliers and managers also complete

LIMITATIONS AND RESEARCH PERSPECTIVES

The research carried out in this thesis is significant and the findings from the study are useful for the supply chain managers, helping them to taking sustainability into account of operation management. However, there are limitations associated with this study.

Because of there are two aspects for managing sustainability in business i.e. sustainability of product and sustainability of process. This research focuses on the second aspect. Hence, the sustainability performance measurement model is developed based on process point of view. Moreover, our research work focuses more on strategic and tactical level more that operational level in order to dealing with an implementation of sustainability practices in company. The limitations of our research are:  An approach to construct sustainability indicators and metrics is based on sustainability in process point of view. In other words, this performance measurement system measures corporate sustainability competitiveness. The proposed approach is not suitable to construct sustainability indicators and metrics for product life cycle assessment or product life cycle management.  According to our limitation that this work focuses the sustainability only in process point of view. However, there are various research works that try to measure sustainability of product. This work has proposed well-defined sustainability criteria in industrial sector and it can be adopted as criteria for sustainability of product. The research challenges are how we can adopt these sustainability criteria into the product aspect and how we can integrate these two aspects for considering the sustainability in supply chain at same time.

 The supplier performance measurement model in this case study is not too complicated. We asked for one decision maker to define the priority ranking of indicators for establishing the FAHP model. Therefore, in case of we faced an inconsistent situation in comparison matrix it is not too difficult for asking the decision maker to revise his priority ranking. However, if there is more than one decision maker or there are various indicators for consideration. The proposed FAHP model can be extended to deal with an inconsistent situation in pairwise comparison matrix or to deal with multiple decision maker for giving a priority ranking of the system. 
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  WEEE Directive) and the restriction on hazardous substances directive (RoHS Directive), ISO 26000:2010.  In 1993, ISO technical committee ISO/TC 207, Environmental management, which is responsible for developing and maintaining the ISO 14000 family of standards, was established as a result of ISO's responsibility to respond to the complex challenge of "sustainable development" articulated at the 1992 United Nations Conference on Environment and Development in Rio de Janeiro. The published documents and ongoing of ISO 14000 family address the following areas: environmental management system (EMS), environmental auditing and related environmental investigations, environmental performance evaluation, environmental labeling, life cycle assessment (LCA), environmental communication, environmental aspects of product design and development, environmental aspects in product standards, greenhouse gas management and related activities, measuring the carbon footprint of products .  The Waste Electrical and Electronic Equipment Directive (WEEE Directive) is the European Community directive 2002/96/EC on waste electrical and electronic equipment (WEEE) which, together with the Restriction on Hazardous Substances Directive (RoHS Directive) 2002/95/EC, became European Law in February 2003. The purpose of WEEE Directive is the prevention of WEEE and the reuse, recycling and other forms of recovery of such wastes so as to reduce the disposal of waste. The purpose of RoHS Directive is to restrict of the use of hazardous substances in electrical and electronic equipment.

Figure 2 . 1

 21 Figure 2.1 Causes and effects to develop the sustainable development concept Figure 2.1 shows the negative impacts from these three root causes into three categories i.e.

Figure 2 . 2

 22 Figure 2.2 The policy directions of Brundtland Commission on sustainable developmentAt the beginning, industrial sector mainly focused on environmental dimension because the policy direction, which is published in Brundltland commission, aims to integrate resource and environmental considerations into industrial planning and decision-making processes of industry. This will allow a steady reduction in the energy and resources by increasing the efficiency of resource use, reducing waste, and encouraging resource recovery and recycling.The social dimension has been enhanced for sustainable industry in term of entrepreneurship responsibility after the Agenda 21, which is an action plan for sustainable development, was published in 1993. Enterprises have the responsibility to ensure that the management and utilization of natural resources and ethical management of products and process from the point view of health, safety and environmental aspects including managerial skills and technological know-how are implemented in the enterprises.

  This framework divides sustainability into three dimensions, i.e. economic, environment and society. The other frameworks are derived based on the TBL. The six conceptual frameworks of sustainable development and sustainable supply chain management (sSCM), which are shown in Figure 2.3, are analyzed. The first three frameworks (Figure 2.3 (a) to (c)) (Elkington (1998), Gidding et al. (2002)) relate on three components (economic, environment, and social) with different relation perspectives among the components. The others three frameworks (Figure 2.3 (d) to (f))

  Figure 2.3 Conceptual framework of sustainable development and sSCM

  [START_REF] Figge | The Sustainability Balanced Scorecardlinking sustainability management to business strategy[END_REF] developed the sustainability balanced scorecard (SBSC) for linking sustainability management to business strategy. SBSC has been formulated by classified and integrated environmental and social aspects into the scorecard system. Moreover,[START_REF] Figge | The Sustainability Balanced Scorecardlinking sustainability management to business strategy[END_REF] added "non-market" perspective into the balanced scorecard. Thus SBSC has five performance perspectives: financial, customer, internal process, learning and growth, and non-market perspective. Environmental and social aspects have been integrated according to their strategic relevance in each perspective. Another PMS model which added sustainability aspect is SCOR model and called "Green SCOR". (SCC,

  [START_REF] Erol | A new fuzzy multi-criteria framework for measuring sustainability performance of a supply chain[END_REF] proposed a fuzzy multi-attribute utility for evaluating and comparing the company performances in terms of sustainable supply chain. The sustainability metrics are categorized with respect to the TBL. The economics, environmental, and social dimension consists of 10, 12, and 15 indicators respectively. They selected indicators by consider relevance to key objectives, measurability data, data availability, administrative burden, reliability of information source, and cost of collecting data. Singh et al. (2007) proposed a decision model by using an analytical hierarchy process (AHP) to evaluating the impact of organization's sustainability performance and applied this model in a case study for a steel company. This model consists of five dimensions which are organizational governance (12 indicators), technical aspects (14 indicators), economic (5 indicators), environmental (15 indicators), and social (14 indicators). The indicators were selected by 15 experts in the steel industry by determining analytical soundness, measurability, cost effectiveness, and time series completeness.

Figge

  Figge et al. (2002) developed Sustainability Balanced Scorecard (SBSC) by integrated environmental and social aspects in to the main management system of a firm. SBSC integrated environmental and social aspects by identified the environmental and social exposure of a business unit. Environmental exposure categorized into eight criteria: emissions, waste, material input/material intensity, energy intensity, noise and vibrations, waste heat, radiation, and direct interventions on nature and landscape. Social exposure categorized into two criteria: direct stakeholders and indirect stakeholders. Then determine the strategic relevance of environmental and social aspects. In order to determine the strategic relevance, lagging and leading indicators are defined. Lagging indicators represent strategic core issues and leading indicators represent performance drivers.

  SCOR 9.0 model SCOR, has been developed in 1996 by the Supply Chain Council (SCC), is a supply chain process reference model containing over 200 process elements, 550 metrics, and 500 best practices which including risk and environmental management in the ninth version (SCOR9.0) (as shown in Figure 2.4) It can be regarded as a closely related concept for sSCM. However, it is not more consider in social dimension.

Figure 2

 2 Figure 2.4 SCOR is organized around five management processes. (Source: Supply Chain Council (2008))



  supply chain. The processes to develop sustainability metrics are as follow:  Define sustainability scope  Define an important aspect (lagging indicators) and important factors (leading indicators) Check feedback and improve Individual measures of sustainability metric depends on determine sustainability defining process, for example, eco-efficiency is determine sustainability scope only in environmental dimension while sustainability metrics of LCSP and Delai and Takahashi (2011) cover both environmental and social dimensions. Eco-efficiency focuses on only environmental perspective of organization. This model consists of two metrics e.g. product/service value and product/service creation environmental influence metrics. Most of indicators are quantitative and this model does not define leading and lagging indicators. LCSP provides six sustainability metrics e.g. energy and material use, natural environment, economic performance, community development and social issues, workers, and products. Indicators in this model are defined into five types of implementation indicators e.g. facility of compliance/conformance indicators, facility material and performance indicators, facility affect indicators, supply chain and product life indicators, and sustainable system indicators. However, most of suggested and implemented indicators of their case studies are facility of material and performance indicators. It means in a practical implementation, organizations still adopted sustainability performance measurement of their organization and did not adopt in supply chain level. Delai and Takahashi (2011) proposed model consists of three sustainability metrics e.g. environmental, social and economic metrics. Each metrics contain both quantitative and qualitative indicators. Nevertheless this model does not directly defined leading and lagging indicators but developers discussed about this issued that leading indicators play an important role for long-term achievement of organization. Performance measurement system of sustainability metrics: eco-efficiency focuses on only environmental efficiency of organization and however there are non-financial indicators but mainly consider on manufacturing process. LCSP reflects both financial and non-financial performance of organization and provides how to implement the set of indicators in a higher level (expand from organization to supply chain level). Delai and Takahashi reflects both financial and non-financial performance but this model considers only sustainability of organization not supply chain. Hence, this model can reflects supply chain maturity of organization's level Relationship with internal and external environment of three PMS models: ecoefficiency and LCSP focus on organization's environmental impacts and organization's production sustainability respectively, thus these two models do not link sustainability performance with customer's perspective. Meanwhile, Delai and Takahashi's model considered customer perspective in social dimension as a customer relationship metric. However, all of these models are not directly enhance relationship between sustainability organizations and/or supply chain performance with their organizations and/or supply chain's strategies Hence, developing new sustainability PMS to measure organization and/or supply chain sustainability performance is more flexible than adding sustainable context in existing PMS model but the weakness is lacking a relationship between PMS model with internal and external environment. B) Using reporting systems Global Reporting Initiative (GRI) (Global Reporting Initiative -GRI 200) is the most worldwide sustainability reporting guideline (Jung et al. 2001; Pojasek 2001).

  measure of Erol's model consists of three sustainability performance metrics, which are environmental, social and economic performance, which consists of 10, 12, and 15 indicators respectively. Indicators both in quantitative and qualitative are assigned. There is not a determination of leading indicators in this model. The model of Singh et al. considered the three dimensions of TBL and added the organization governance and technical aspects as the fourth and fifth dimensions of sustainability. The leading indicators are assigned in these fourth and fifth dimensions. This model consists of both quantitative and qualitative indicators. Performance measurement system of Erol's model and Singh et al.'s model reflect both financial and non-financial performance of organization. Both Erol's model and Singh's model reflect supply chain maturity in partnership level because these models use some indicators to measure an effectiveness of stakeholder involvement and supplier's issues.
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  together in an effort to: (1) acquire raw materials, (2) convert these raw materials into specified final products, and (3) deliver these final products to retailers.[START_REF] Lambert | Supply Chain Management: Implementation Issues and Research Opportunities[END_REF] state the supply chain management is the integration of key business processes from end user through original suppliers that provides products, services, and information that add value for customers and other stakeholders.[START_REF] Mentzer | Defining Supply Chain Management[END_REF] defined a supply chain as a set of three or more entities (organizations or individual) directly involved in the upstream flows of products, services, finances, and/or information from a source to a customer. Moreover,[START_REF] Mentzer | Defining Supply Chain Management[END_REF] identified three degrees of supply chain complexity: a direct supply chain, and extended supply chain and an ultimate supply chain. As shown in Figure2.7 , a direct supply chain consists of a company, a supplier and a customer involved in the upstream and/or downstream flows of products, services, finances, and/or information. (a.). An extended supply chain includes suppliers of the immediate supplier and customers of the immediate customer, all involved in the upstream and/or downstream flows of products, services, finances, and/or information (b.). An ultimate supply chain includes all the organizations involved in the upstream and downstream flows of products, services, finances, and information from the ultimate supplier to the ultimate customer (c.).
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 27 Figure 2.7 The complexity level of supply chainOne of the challenges in sustainable supply chain management is dealing with a wide range of objectives, criteria, and elements in supply chain. Because of sSCM has to take into account a longer part of supply chain. The complexity of supply chain makes an establishing sustainability strategy to be complex. A clearly boarder of supply chain scope can help company and its supply chain get a precise strategic direction and performance measurement system. Thus, a boarder of supply chain scope has to be identified based on a complexity level of supply chain.
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 2 Figure 2.8 : Stages of performance measurement: (1) core process only. (2) all company processes. (3) company processes and links with suppliers and customers. (4) SC performance measurement (includes all SC partners)

Figure 2 . 9

 29 Figure 2.9 Steps for developing the conceptual framework of sSCM performance measurement system

  to the definition of sustainable development from Our Common Future report as "development that meets the needs of the present without compromising the ability of future generations to meet their needs." (United Nations (UN), 1987), it contains within it two key concepts: the concept of "need" and the idea of limitation imposed by the state of technology and social organization on the environment's ability to meet present and future needs. It emphasizes the important of long-term consideration in the development process and draws attention to the needs of people in the present and future generation. This definition raises two questions. Firstly, what are the needs of present and future generations? Secondly, how does supply chain contribute to sustainable development to meet these needs?

Figure 3

 3 Figure 3.1 Maslow's hierarchy of human needs

  [START_REF] Max-Neef | Development and human needs, in: Real-Life Economics: Understanding Wealth Creation[END_REF] were talking about the same things. Maslow referred to the physiological needs and safety while Max-Neef referred to subsistence and protection. People need food, material, water supply, air, energy, health sanitation and safety for their physical well-being (United Nations (UN), 1987). The physical needs require an economic security such as employment to allow people to pay for their food, housing, clothing and necessary goods. Moreover, its desire sufficient energy and natural resources, cleaned environment, and safety condition for physical health. It means that the physical needs consist of economic, environmental and social dimensions of sustainability. The satisfaction of these needs can be met through reductions in poverty, eco-system protection, and improvements in human health.1. Employment is a component of economic security for people. It is an essential activity towards meeting the physical requirements. Compensation for work allows people to pay for food, housing, clothing and other necessities goods and services.

  the right to life and liberty, equality. The second category concerns economic, social, and cultural rights and includes such rights as the right to work, the right to health, the right to education, and the right to social security(United Nations (UN), 1987, chap. 2). The reorientation of technology is the key link between humans and nature. The capacity for technological innovation needs to be enhanced and to pay attention to environmental factors. Technologies are needed to product social goods, such as improved air quality or increased product life (United Nations (UN), 1987, chap. 2).The concepts of sustainable development are summarized in term of principle and guidance which is shown in Table3.2. It is accepted that the interventions needed to achieve sustainable development must be conceived by integration between the three pillars of economic development (income, productivity, innovation technology), social equity (sanitation, health care, human potential capabilities, education, etc.), and environmental protection (natural resources, material, energy). Realizing that all of these are connected and cannot be treated in isolation one from another. For example, an emission from human activities impacts the quality of ecological system and also human health and safety, or an education helps to improve skills and knowledge performance, that leads to an increasing of productivity in economic point of view, and also leads to an innovation technology development to shift to less (or non) -polluting products/technologies in environmental point of view.

  but companies can use it to develop their leading indicators to measure their sustainability actions. An analysis of ISO26000 core subject and sustainability criteria is shown in Table3.2. Meanwhile GRI provide outcome performance indicators allowing companies to monitor and benchmark their sustainability performance. An analysis of sustainability indicators from GRI in regard with sustainability criteria is shown in Appendix II.In addition to ISO26000 and GRI, there are various practices which can be used to identify leading or lagging indicators. Companies may use ISO9001 or SCOR model to manage economic performance. ISO14000 series and eco-efficiency may be used to manage environmental performance. SA8000 may be used in labor management in social dimension. Hence, companies should, first, determine relevance and significances of sustainability criteria to their strategic direction. Then, companies should explore guidelines/standards/regulations or tools which provide sustainability practices in their interested issues. After that, they can develop performance indicators based on the selected guidelines. Table3.4 provides an analysis of other references (guidelines, regulations, tools) in regard with sustainability criteria and the details of sustainability issues in each reference are shown in Appendix II. Table 3.3 Analysis of Guidelines/Standards/Tools regarding to sustainability criteria

  quality of waste discharge per unit of economic output by preventing material, natural resources, and energy depletion. The actions in each elements of industry sector are required to achieve promoting cleaner production. Actions from individual company, collaboration among companies in their supply chain, and collaboration among companies, industrial cluster, national organization, or academic organization are shown in Figure 3.2. An individual company should work on cleaner production issue. It is beginning with policy establishment, implementing in its operation, education training with workers, improving environmental awareness, and reporting environmental performance to stakeholders. Then, individual company should work within their supply chain by managing their collaboration regarding to sustainable development concept. Finally, individual company and their supply chain should work with relating organization e.g. academic organization, national organization, etc. to support an achievement for sustainable development.
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 32 Figure 3.2 Role of industrial sector: Promoting cleaner production
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 33 Figure 3.3 Role of industrial sector: Promoting responsible entrepreneurship

Figure 3 . 5

 35 Figure 3.5 The sustainable supply chain management (sSCM) framework

Figure

  Figure 3.6 The value chain model

  6 , activities relating to health and safety of employee (such as safety management, working condition regulation, etc.), human capability development (such as human resources development, training, etc.), and human rights are fallen in to "Human resource management" activity. The activities relating to local community involvement (such as social activities to promote sustainable consumption, social activities for valuing, protecting, and restoring ecosystems, etc.) are fallen into a strategic level of "Marketing management" activity, a "Firm infrastructure" activity convers activities relating to ethical issues (such as legality compliance, company governance, corruption, fair competitiveness, etc.). Moreover, activities relating to eco-design or product development are fallen into "Technology development" activity. Thus, the value chain model can cover activities in economic, environmental and social dimensions while SCOR model can cover activities in economic and environmental dimensions (in SCOR version9.0 providing GreenSCOR metrics and best practices). Thus the value chain model is selected as a framework to analyze supply chain activities in this research work

  researchers and purchasing practitioners since the 1960s.Dickson (1966) was one of the first ones in this field of study. He identified 23 different criteria for supplier selection based on a questionnaire sent to managers of companies in North America.These criteria include quality, delivery, performance, warranty and claim policy, production facilities and capacity, net price, and technical capabilities. Dickson concluded that quality, delivery, and performance history are the three most important criteria respectively.Weber et al. (1991) have reviewed 74 articles of supplier evaluation methods on the past research during 1966 to 1990 and concluded that price was the highest-ranked criteria, followed by delivery and quality. In addition they enhanced important criteria for vendors of just-in-time (JIT) system and they found that the most popular JIT criteria for supplier selection are quality, deliver, and net price respectively. It indicates that the rank of criteria depends on the context of supplier evaluation and selection. Ho et al. (2010) reviewed the literature of the MCDM approaches for supplier evaluation and selection. Related articles appearing in international journals from 2000 to 2008 are gathered and analyzed to address the most popular criterion considered by the decision-makers for supplier evaluation and selection. The most popular criterion is quality, followed by delivery, price (cost), manufacturing capability, and service. Liao and Kao (2011) summarized the economic criteria that have appeared in literature since 1966 and concluded most of the related articles suggest that quality, price, and delivery performance are the most important supplier selection economic criteria. It is clearly that the top three of supplier evaluation and selection criteria are quality, price (or cost) and delivery in economic performance.

--

  Quality related certificates (SC11) -Capability of quality management (SC12) -Capability of handling abnormal quality (SC13) Technology capability (C2) -Technology level (SC21) -Capability of R&D (SC22) -Capability of design (SC23) -Capability of preventing pollution (SC24) Pollution control (C3) -Air emissions (SC31) -Waste water (SC32) -Solid wastes (SC33) -Energy consumption (SC34) -Use of harmful materials (SC35) Materials used in the supplied components that reduce the impact on natural resources (SC61) -Ability to alter process and product for reducing the impact on natural resources (SC62) -Social responsibility (SC63) influence -Contractual stakeholders influence -Other stakeholders influence formula of each metric is shown in Table

  researchers and purchasing practitioners since the 1960s.Dickson (1966) was one of the first ones in this field of study. He identified 23 different criteria for supplier selection based on a questionnaire sent to managers of companies in North America.These criteria include quality, delivery, performance, warranty and claim policy, production facilities and capacity, net price, and technical capabilities. Dickson concluded that quality, delivery, and performance history are the three most important criteria respectively.Weber et al. (1991) have reviewed 74 articles of supplier evaluation methods on the past research during 1966 to 1990 and concluded that price was the highest-ranked criteria, followed by delivery and quality. In addition they enhanced important criteria for vendors of just-in-time (JIT) system and they found that the most popular JIT criteria for supplier selection are quality, deliver, and net price respectively. It indicates that the rank of criteria depends on the context of supplier evaluation and selection. Ho et al. (2010) reviewed the literature of the MCDM approaches for supplier evaluation and selection. Related articles appearing in international journals from 2000 to 2008 are gathered and analyzed to address the most popular criterion considered by the decision-makers for supplier evaluation and selection. The most popular criterion is quality, followed by delivery, price (cost), manufacturing capability, and service. Liao and Kao (2011) summarized the economic criteria that have appeared in literature since 1966 and concluded most of the related articles suggest that quality, price, and delivery performance are the most important supplier selection economic criteria. It is clearly that the top three of supplier evaluation and selection criteria are quality, price (or cost)

Figure 4 .

 4 Figure 4.1The framework of decision aiding process in MCDA (adapted from Roy, 1985)

  method and the aggregation of overall sustainability performance is required to address in the model. So the feasible MCDA methods will base on the use of a single synthesizing criterion without incomparability. The summarized characteristics of the research problem are shown in

  Figure 3.4, a set of sustainability indicators (attributes) contains both of quantitative and qualitative data. This work uses the criteria proposed by De Montis (2000) to analyze preferences model characteristics and the detail of analysis is shown in Table 4.5

Figure 4 . 2

 42 Figure 4.2 Structure of the decision hierarchy Step 3 Construct a set of pairwise comparison matrices. Each element in an upper level is used to compare the elements in the level immediately below with respect to it. In this step

  Figure 4.3 A triangular fuzzy number Definition 2: The height of a fuzzy set is the largest membership grade attained by any element in that set. A fuzzy set ̃ in the universe of discourse is called normalized when the height of ̃ is equal to 1.

  4-7)Csutora and Buckely (2001) proved that a fuzzy positive, reciprocal matrix ̃ [ ̃ ] is defined as consistent when ̃ ̃ ̃ . Let ̃ [ ̃ ] be a fuzzy, positive, reciprocal matrix with ̃ ( ). Choose a crisp number [ ] and form the crisp matrix [ ]. If is consistent, then the fuzzy matrix ̃ is consistent.
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 45 Figure 4.5 Hierarchy of catering firm selection problem

Figure 4 . 7

 47 Figure 4.7 Global fuzzy weights of catering firms obtained by Lambda-Max

Figure 4 .

 4 Figure 4.10 A comparison of two fuzzy numbers when one is dominance important This method consists of five steps for measuring sustainability performance. The first four steps following FAHP approach, which are (1) define the problem and determine the kind of knowledge sought, (2) structure the decision hierarchy, (3) construct a set of pairwise comparison matrices, and (4) finding fuzzy priority weight of supplier's performance. In the fourth step, this thesis proposes three alternative methods for calculating the priority weight of suppliers.

Figure 4 .

 4 Figure 4.13 Global fuzzy weights of catering firms obtained by Method-II

  vagueness of human thinking and effectively solve multi-criteria decision making problem. The illustrative example has demonstrated the thoughtfulness, flexibility, and efficiency of the proposed model to directly tap the subjectivity and preferences of the decision makers. posed in chapter one including developing a sustainability performance assessment model for aggregation sustainability measures into supplier's performance. The model formulations of three proposed models (Method-I, Method-II, and Method-III) were described in chapter 4. The Method-III is selected to apply in the practical application because of it provides the best results comparing with other two methods. The aim of this chapter is to demonstrate this model in practical application to supplier evaluation problem. This chapter first provides the background of the selected case study company and data collection procedures for the sustainability performance evaluation model. In view of the complexity nature of the research, case study was chosen as the best means to validate the model and show how the sustainability evaluation model works to rank supplier's performance.Electronics industry is forced by environmental regulations such as RoHS and WEEE to realize and take environmental impacts into account of its operation. The companies in electronics industry are trying to reduce negative environmental impacts and extend business perspective from environmental friendly to sustainable development. In this chapter, we implement our FAHP approach which described in chapter 4 into a hard disk drive manufacturing in electronics industry in Thailand.The company manufactures hard disk drives (HDD) for external storage, internal storage, networking storage and home entertainment. The main manufacturing facilities are in Thailand and Malaysia. The main suppliers to the company are also located in Asia.There are two plants in Thailand. The first one is more emphasizes on research and development activity, it undertakes the following activities: slider fabrication; assembly of head gimbals and head stacks; research and development. And the main activities of the manufacturing facility in the second plant comprise the assembly of hard disk drives and head stacks.

Figure 5 . 1

 51 Figure 5.1 Supply chain network of the company

  substrate, and top and cover base. Each main component consists of product parts, the structure of HDD parts and components are shown in Figure 5.2. The company works with 247 suppliers who produce parts and components for manufacturing HDD. 127 suppliers are located in Thailand, 36 suppliers are located in China, 21 suppliers in Malaysia and 21 suppliers in Singapore respectively. The number of suppliers classified by location is shown in Table 5

Figure

  Figure 5.1 Product components of hard disk drive

Figure 5 .

 5 Figure 5.2 shows the AHP structure with five levels is constructed: the goal, dimensions, indicators, measures, and alternatives. The goal of this decision is to measure sustainability performance of supplier. The sustainability performance consists of three dimensions which are economic, environmental, and social dimension. Economic dimension consists of two indicators which are supplier quality performance and supplier business performance. Environmental dimension consists of four indicators which are energy efficiency, resources used efficiency, emission, and green competencies. Social dimension consists of four indicators which are employee health and safety, hazardous substances, fair trade and ethical issues, and social responsible competencies.

  OF SUB-CRITERIA: SUSTAINABILITY INDICATORS Each sustainability dimension consists of the indicators. After manager compared the relative important of sustainability dimension, the next step is a pairwise analysis of the lower level i.e. sustainability indicators level. Two indicators i.e. supplier quality performance (EC1) and supplier business performance (EC2) belong to the economic dimension. Four indicators i.e. energy efficiency (EN1), resource used efficiency (EN2), emission (EN3), and emission (EN4) belong to the environmental dimension. Four indicators i.e. employee health and safety (SO1), hazardous substances (SO2), fair trade and ethical issues (SO3), and social responsible competencies (SO4) belong to the social dimension. The same calculations done for the main criteria matrix are employed for these matrices as well.

  ANALYSIS OF SUB-CRITERIA: SUSTAINABILITY MEASURESEach indicator of economic, environmental and social dimension consists of the sustainability measures. The next step is a pairwise analysis of sustainability measures in each indicator.A) Economic dimensionThe economic dimension consists of two indicators. First, the supplier quality performance (EC1) is indicated by three measures i.e. supplier process capability (EC1.1), number of line interruption (EC1.2), and sub supplier management (EC1.3). The second indicator is supplier business performance (EC2) which is indicated by three measures i.e. cost (EC2.1) delivery performance (EC2.2), and flexibility (EC2.3). The results are shown in Table

  Figure 5.3 shows local priority weights of sustainable dimensions which belong to the goal of sustainability performance. The crisp value of each fuzzy priority weight can be obtained by using the center of gravity method in equation (4-41). The crisp values of local priority weights are shown in Table
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 56 Figure 5.6 Fuzzy global weights of suppliers: Proposed Method-III
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 58 Figure 5.8 Global weights of economic measures

Figure

  Figure 5.9 Supplier performances in economic dimension

Figure 5 .

 5 Figure 5.10 Global weights of environmental measures

Figure 5 .

 5 Figure 5.11 Supplier performances in environmental dimension

Figure 5 .

 5 Figure 5.13 Supplier performances in social dimension

  The case study company aims to assess sustainability performance of suppliers in order to improve their sustainability practices. The performance criteria are constructed based on three sustainability dimension. Most of these criteria are leading indicators and measures by qualitative variables. This chapter presents a summary of the study. It embraces the finding from the literature review, the sustainability performance measurement in supply chain, sustainability practices, indicators and measures for supplier evaluation, and the development of a multi criteria assessment and model to aggregate sustainability attributes into a sustainable performance for supplier assessment. This conclusion links and integrates the research findings. The recommendations provide suggestions for future research which have emerged as a result of the findings in this study.
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  many various researches on sSCM have been published. This provides a lot of framework in difference perspective. In order to understanding the principle of sSCM research field, this chapter presents an exploration of theoretical framework and existing researches on sustainable development concept, corporate sustainability, and sustainability performance measurement in supply chain management.

	Chapter 2. :
	STATE OF THE ART:
	SUSTAINABILITY PERFORMANCE
	MEASUREMENT IN SUPPLY CHAIN MANAGEMENT
	company in an electrical industry field. Finally, this model improves the sustainability
	performance for the company's operations.

1. To provide a conceptual framework of sustainable supply chain and a model for measuring sustainability performance 2. To develop sustainability performance measurement system which  Reflecting company's approach in sustainable supply chain perspective  Measuring sustainability performance in business functional level  Supporting company's decision to improve supplier's sustainability performance This research has been divided into three parts; the first part is to clarify a sustainability measurement framework in supply chain. The sSCM measurement framework consists of key characteristics in both sustainability and supply chain management concepts. This framework enhances the sustainability needs in industrial sector and engagement level among elements in supply chain. The second part is to develop an sSCM performance measurement model. This model consists of economic, environmental and social perspective. Afterwards, this model will investigate the implementation for a Nowadays
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	.1: Conceptual framework analysis	
	Conceptual	Description
	Framework	

Table 2 .

 2 Table 2.2, definitions of GSCM are shown in Table 2.3 and definitions of sSCM are shown in respectively. 2 Definitions of corporate sustainability

	Source	Definition

Table 2 .

 2 4 Definitions of sustainable supply chain management (sSCM)

	Source	Definition
	Jorgensen	and
	Knudsen, 2006	

Table 2 .

 2 5 Key SCM characteristics addressed by the definitions

	Source	SCM Characteristics		Highlighted of intra/inter organizational processes
		Flow focus a	Coordination	focus b	Stakeholder	focus c	Intra/Inter organization	processes d	Performance	focus e
	GSCM								
	Handfield et al.,	X	X		X		X			Design, procurement, manufacturing and
	1997									assembly, packaging, logistics, and distribution.
	Zhu et al., 2005						X			Purchasing, manufacturing management,
										material management, distribution, marketing,

Highlighted of intra/inter organizational processes Flow focus a Coordination focus b Stakeholder focus c Intra/Inter organization processes d Performance focus e GSCM

  

						reverse logistics.
	Srivastava, 2007	X	X	X	X	
			X		X	
	Haake and Seuring,	X	X		X	Design, acquisition, production, distribution,
	2009					use, reuse, and disposal
	Wolf, 2011		X		X	Intra-and	inter-organizational	business
						processes

Table 2 .

 2 6 Key sustainability or green characteristics addressed by the definitions

	Source		SCM Characteristics		Highlighted sub-dimension of triple bottom line f
			Economic focus	Environmenta l focus	Social focus	Long-term focus	Stakeholder focus
	Corporate sustainability				
	Deloitte	and		X	X	X	X	Human resources, natural resources
	Touche, 1992						
	Figge et al., 2002	X	X	X			(N/A)
	Dyllick	and	X	X	X		X	(N/A)
	Hockerts, 2002						
	Sikdar, 2003			X		X		Cleaner technologies, recycling by-products,
								waste products, GHGs emission, toxic
								substances, energy intensity
	Marrewijk, (2003)		X	X		X	(N/A)
	Szekely	and	X	X	X			(N/A)
	Knirsch, 2005						
	GSCM						
	Handfield et al.,		X				(N/A)
	1997						
	Zhu et al., 2005			X			

Table 2 .7 Sustainability in product and process point of view Product point of view Process point view Principle

 2 

		Product sustainability	Corporate sustainability
	Drivers	RoHS, WEEE, EuP, energy labeling, eco-	Sustainability competitiveness
		label	
	Concepts	Product lifecycle assessment (LCA),	Corporate social responsibility (CSR),
		Product lifecycle management (PLM),	Green supply chain management
		Extended product responsibility (EPR),	(GSCM), Sustainable supply chain
		Product end-of-life (EOL)	management (sSCM), reverse logistics,
			cleaner production, close-loop supply
			chain
	Standards/	LCA: ISO14040, ISO14044, ISO14048,	
	Guide lines	ISO14049	
		Environmental	

label: ISO14020 Eco-design: ISO14006 Carbon-footprint: ISO14067

  

	QMS: ISO9001
	EMS: ISO14001, ISO14004, ISO14031
	H&S MS: OHSAS 18000, OHSAS 18001
	Social: SA8000, AA1000, ISO26000, GRI

Risk MS: ISO31000 Area of interest

  

		Product/process	design	and	Sustainable management, Sustainable
		development,	remanufacturing/reuse	purchasing, Sustainable production,
		/recycle product, product lifecycle		Sustainable transportation/distribution,
					reverse logistics
	References	Beamon (2008), Seuring (2004, 2011),	Clark	(2007),	Dyllick	and
		Seuring and Muller (2008)		Hockerts(2002), Epstein and Roy (2001)

Lifecycle assessment: ISO14040

  

	(principles and guidelines), ISO14044
	(requirements and guidelines), ISO14048 (data documentation format),
	ISO14049 (examples of application of ISO 14041 to goal and scope definition and
	inventory analysis)
	 Environmental label and declaration: ISO14020 (general principles),
	ISO14021 (self-declared environmental claim: type II environmental labeling),
	ISO14024 (self-declared environmental claim: type I environmental labeling),
	ISO14025 (self-declared environmental claim: type III environmental labeling),
	 Eco-design: ISO14006 (guideline for incorporating eco-design), ISO14062
	(integrating environmental aspects in product design and development)
	 Carbon-footprint: ISO14067(carbon footprint of products --requirements and
	guidelines for quantification and communication)
	The standards and guidelines are more focus on environmental impacts-by evaluating
	material and energy consumption, natural resources consumption (water, electricity),
	waste generated, pollution emission, carbon emission-of the products in each lifecycle
	phase. The social impacts are considered in term of customer's health and safety in a use
	phase attempting to reduce hazardous substances of the product in a design phase. It is
	difficult to consider other social issues e.g. human rights, child labor, local community,

Quality management system: ISO

  

	Table 2.8 Sustainability practices associated with business activities
	9001 (Quality management)
	 Environmental management system: ISO14001 (Requirements with guidance
	for use), ISO14031 (Environmental performance evaluation -guidelines)
	 Health and safety management system: OHSAS18000 (Occupational health
	and safety management system) OHSAS 18001 Occupation health and safety
	assessment series)
	 Social: SA 8000 (Social accountability), AA 1000 (Account ability), ISO 26000
	(Corporate social responsibility), GRI (Global Reporting Initiative)
	 Risk management: ISO31000 (Risk management)
	This research aims to integrate all three dimension of sustainability and tries to reduce
	the research gaps on social dimension issue. According to section 2.5.1, it is difficult to
	allocate social impacts into product point of view. Therefore, we focus on sustainability
	in process point of view.
	Research Proposition 4: Develop a sustainability measurement model based on the process
	point of view.

References Product design and development Supply operation Production and operation Distribution Reverse, remanufacturing

  

	Sarkis (1999)	(N/A)	 Green Purchasing	 Total quality	Customer relationship	 Managing reverse
			 Vendor selection	environmental	 Green marketing	logistics channels
			 Mode of transport	management	 Product	
			selection	(TQEM)	stewardship	
			 Just In Time (JIT)	 Demanufacturing	Outbound logistics	
				 Close-loop	 Warehousing design	
				manufacturing	 Delivery design	
					 Packaging design	
	Zhu et al. (2004),	Eco-design	Green Purchasing	Internal GSCM practices	Customer cooperation	Investment recovery
	(2012)	Design of product for	 Supplier's	 Total quality	Cooperation with	 Investment recovery
		 Reduce	environmental	environmental	customer for	of excess inventories
		material/energy	auditing programs	management	 Eco-design	/materials
		consumption	 Cooperation with	(TQEM)	 Cleaner production	 Sales of scrap and
		 Reuse, recycle,	suppliers on	 Environmental	 Green packaging	used materials
		recover of materials	environmental	management system		 Sales of excess
		 Avoid or reduce use	objectives	(EMS)		capital assets
		of hazardous	 Supplier's ISO14000	 Commitment of		
		substance in	certification	GSCM from		
		products and	 Second-tier supplier	managers		
		process	environmentally	 Cooperation for		
			friendly practice	environmental		
				improvements		
				 Environmental		
				compliance and		
				auditing programs		
				 ISO 14001		
				certification		
	Zailani et al. (2012)	Sustainable packaging	Environmental	 Cleaner production	(N/A)	(N/A)
		 Effectively recovered	purchasing			
		and utilized package	 Purchased recycled			
		 Beneficial, safe, and	packaging			

References Product design and development Supply operation Production and operation Distribution Reverse, remanufacturing

  

		healthy for	 Purchase lighter			
		communities	weight packaging			
		 Physical designed to	 Participates in the			
		optimized materials	design of product			
		and energy	for disassembly			
		 Sourced,	 Participates in the			
		manufactured,	design of product			
		transported and	for recycling or			
		recycled using	reuse			
		renewable energy	 Use LCA to evaluate			
		 Meet markets	environmental			
		criteria	impacts			
		 Made from materials	 Ask supplier to			
		healthy in all end-of-	commit to waste			
		life scenarios	reduction			
	Gunasekaran and	 Compliance with	 Technological	 Pollution prevention	 Design of	 Hazardous-waste
	Spalanzani (2012)	eco-label	integration with	 Cleaner production	sustainable logistic	reverse logistics
		 Using life-cycle	major suppliers and	 Extended producer	networks (but the	management
		thinking to design	customers for	responsibility	criteria concern only	 Using concept of
		product	environmental	 Using LCA to	economic and	extended product
		 Design for reuse,	monitoring and	evaluate	environmental)	responsibility (EPR)
		remanufacture,	evaluation	environmental		 Using reverse
		recycle products	 Selecting supplier	impact of		logistics concept to
		 Look at sustainability	with ISO14001	manufacturing		manage end-of-life
		from a closed loop SC	certification	process		products/wastes.
		perspective	 Green procurement	 Waste minimization		

Table 2
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	.9 Category of sustainable dimension and management system
	Sustainable Dimension	Considered Management System
	Economic	Quality management system:
		ISO 9001:2000, ISO 9004: 2000
		Risk management system:
		ISO 31000: 2009
		Supply chain security management system:
		ISO 28000: 2007
	Environmental Environmental management system:
		ISO 4001, ISO 4004, EMAS, ISO14301
	Social	Workplace, health and safety management system:
		AS/NZS 4801:2001, OHSAS 18001:1999
		Corporation Responsible management system:

Table 2 .10 Performance measurement level and key considerations
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	Level	Considerations
	Individual	What performance measures are used?
	performance	What they are used for?
	measures	How much the cost?
		What benefit do they provide?
	Performance	
	measurement	
	systems	

Table 2 .
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11 Definitions: measure, metric, performance indicator (PI)

Term Definition Measure A quantify value Metric A metric puts a measure into a certain context. The context is given by an item or an object or a set of items or objects. It defines a unit of measure and a reference unit Performance indicator A performance indicator is an auxiliary metric that partially reflects the performance of an organizational unit

Table 2

 2 There is none of the existing approaches that tackle all sustainability issues. These existing approaches provide framework of sustainability criteria and allow organization to select indicators from list of relevant sustainability indicators. Although SCOR9.0+GreenSCOR and LCSP model provide a measurement framework to apply in supply chain level but in practical it is implemented in only organization and partnership level.

	The existing approaches for adding sustainability context to existing PMS model, which
	is SBSC, is still lack of link relationship between performance measurement model and
	supply chain perspective. In the other hand, existing PMS model such as SCOR 9.0 and
	GreenSCOR, which includes supply chain perspective in consideration, does not contain
	social dimension in the model. Using the reporting system such as GRI covers all three
	dimensions of the TBL and also enhances an important of labor practices, human rights
	and product aspects in sustainability performance. Using multi-criteria decision making
	approach can reduces criticism of aggregating and integrating qualitative indicators
	with quantitative indicators. However, the existing models do not consider relationship
	between sustainability with customer and organization's strategies perspective.

.13. We found that almost of the existing approaches covers all three dimensions of the TBL except SCOR9.0+GreenSCOR and eco-efficiency models which do not taking social dimension into account.

Table 2 .

 2 13 The comparative analysis of existing approaches for measuring sustainability performance

		Individual performance measures	Performance measurement systems	Relationship with
								internal and external
								environments
		Sustainability Criteria	Types of indicators	Financial	Sustainable	SC Maturity	Internal	External
					issue	Dimension	Level
			Qt	Ql LD LG FC NFC EC EN SO OG PN SC	Strategy	Customer
	1) Using performance measurement system (PMS): Integrating sustainability into existing PMS model	
	SBSC	Sustainable balanced scorecard					
		(SBSC)					
		 Financial					
		 Customer					
		 Process					
		 Learning and growth					
		 Non-market					
		Environmental aspect					
		 Emissions					
		 Waste					
		 Material input/Material intensity					
		 Energy intensity					
		 Noise and vibrations					
		 Waste heat					
		 Radiation					
		 Direct interventions on nature					
		and landscape					

  retailers that add value for the end customer. Banomyong and Supan (2003) utilized the nine key supply chain activities provided byGrant et al (2006) as a

	References		Component of measures	Component in supply chain
				 Capability (effectiveness,	 Outbound logistics
	 Productivity are suppliers, inbound logistics, core manufacturer, outbound logistics, marketing and flexibility) framework to develop the SCPAT. Chan and Qi (2002) adopted six components (which reliability, availability,  Marketing & sales and customers
	sales, and end customers) as a framework of performance measurement. These core  Utilization
	 Outcome components are considered as the typical function areas in supply chain. For example, Gunasekaran et al Type of measures Decision level suppliers assume the functions of sourcing materials, and some outsourcing function. (2004)  Time  Strategic
	Gunasekaran et al (2001) classified PMS framework by using decision making level as  Financial (cost, profit)  Tactical
	 Effectiveness strategic, tactical, and operational. Then Gunasekaran et al (2004) proposed  Operational  Efficiency performance metrics framework by conjunction the decision level with supply chain  Productivity Supply chain process
	 Flexibility process framework. SCOR model is developed based on five core processes in supply  Plan  Source
					 Make/Assemble
					 Deliver
	SCOR 9.0		Performance attribute	Core management processes
				 Cost	 Plan
				 Assets	 Source
				 Reliability	 Make
				 Responsiveness	 Deliver
	References		Component of measures  Agility	Component in supply chain  Return
	Beamon (1999)		Type of measures	(N/A) Level of process details
				 Resources	 Top level (level 1)
				 Outputs	 Configuration level (level 2)
				 Flexibility	 Process elements level (level3)
	De	Toni	and	Type of measures	(N/A)
	Tonchia (2001)		 Financial	
				 Non-financial	
	Gunasekaran et al	Type of measures	Decision level
	(2001)			 Financial	 Strategic
				 Non-financial	 Tactical
	Banomyong	and	Dimension of measures	 Operational g. resource utilization, output, Supply chain activity
	and flexibility. De Toni and Tonchia (2001) and Gunasekaran et al (2001) classified Supan (2003)  Time  Customer service and support
	 Cost performance measures into financial and non-financial measures. Banomyong and  Demand forecasting and  Reliability planning Supan (2003) developed a tool called "Supply Chain Performance Assessment Tool:  Purchasing and procurement
	 Inventory management SCPAT" for evaluating SCM performance of SMEs by measuring cost, time and reliability.  Order processing and logistics Chan and Qi (2002) proposed a process-based approach to measure supply chain communication
	performance based on seven types of metrics, which are cost, time, capacity, capability,  Material handling and packaging
	 Transportation productivity, utilization, and outcome. SCOR model provides an evaluation of SC  Facilities site selection, performance in term of cost, assets, reliability, responsiveness, and agility. warehousing and storage
					 Return goods handling and
					logistics
	Chan and Qi (2002) Board of performance metrics	Supply chain processes
				 Cost	 Suppliers
				 Time	 Inbound logistics
				 Capacity	 Core manufacturer

Another aspect is classified by components of supply chain. This aspect focuses on how to categorize components in supply chain. Components of supply chain can be considered as processes/activities which occur from original suppliers and manufacturers to chain, which are plan, source, make, deliver, and return with regard to three levels of processes details which are top level (level1), configuration level (level2), and process elements level (level 3). The summary of classification criteria in traditional supply chain performance measurement is shown in Table 2.14 Table 2.14 Classification criteria in traditional supply chain performance measurement

  The ecological component has also four inputs: air, water, land and biodiversity.However, this model is used to assess only lagging indicators of corporation's sustainability. It is suitable to monitor historical evolution, and compare the company with competitors. But it is not suitable for managing risk or giving improvement actions.

	presented a set of indicators of sustainable production for
	promoting business sustainability. They first introduce the concept of sustainable
	production which includes six dimensions and desirable qualities. Based on that
	framework, they suggested five stages of core and supplemental indicators for raising
	the awareness of firms and measuring their progress toward sustainable production
	systems. The six dimensions are, namely, (1) energy and material use, (2) the natural
	environment, (3) economic performance, (4) community development and social justice,
	(5) workers, and (6) products.

[START_REF] Phillis | Assessment of Corporate Sustainability via Fuzzy Logic[END_REF] 

proposed a multi-stage fuzzy model to assess a corporation's sustainability. This model consists of two fundamental components: human and ecological. The human component has four inputs: economic, political, knowledge, and welfare.

Table 2 .

 2 15 Categories of green/sustainability performance measurement in SCM

	References	Component of measures	Component in supply chain
	Veleva et al. (2001)	Sustainability dimension	Sustainable production level
	Veleva and	 Energy and material use	 Level 1: Facility
	Ellenbecker (2001)	 The natural environment	Compliance/conformance
		 Economic performance	 Level 2: Facility Material Use and
		 Community development	Performance
		and social justice	 Level 3: Facility Effects
		 Workers	 Level 4: Supply Chain and
		 Products	Product Life-Cycle
			 Level 5: Sustainable Systems
	Szekely and	Sustainability criteria	(N/A)
	Knirsch (2005)	 Economic sustainability	
		 Environmental	
		sustainability	
		 Social sustainability	
		 Integrated sustainability	
	Figge et al (2002)	Sustainable balanced scorecard	(N/A)
		(SBSC)	
		 Financial	
		 Customer	
		 Process	
		 Learning and growth	
		 Non-market	
	Zhu and Sarkis	GSCM performance	GSCM practices
	(2004)	 Environmental	 Internal environmental
		performance	management
		 Positive economic	 External GSCM practices
		performance	 Investment recovery
		 Negative economic	 Eco-design
		performance	
	Zhu et al. (2007,	GSCM performance	GSCM practices
	2012)	 Environmental	 Internal environment
		performance (EP)	management (IEM)
		 Positive economic	 Green purchasing (GP)
		performance (PEP)	 Customer cooperation (CC)
		 Operational performance	 Investment recovery (IR)
		(OP)	 Eco-design (ECO)
	Zhu et al. (2008)	(N/A)	GSCM practices
			 Internal environment
			management (IEM)
			 Green purchasing (GP)
			 Customer cooperation (CC)
			 Investment recovery (IR)
			 Eco-design (ECO)
	Phillis and Davis	Overall sustainability	(N/A)
	(2009)	 Ecological system	
		 Human system	
	Hassini et al (2012) Sustainability criteria	Partners
		 Economic	 Supplier
		 Environmental	 Manufacturer
		 Society	 Distributor

Table 3

 3 

	.1 Max-Neef's fundamental of human needs
	Physical needs	Subsistence
		Protection
	Non-physical needs	Affection
		Understanding
		Participation
		Idleness
		Creation
		Identity
		Freedom

Another work on the human needs categorization that much discussed in the literature, is proposed by

[START_REF] Max-Neef | Development and human needs, in: Real-Life Economics: Understanding Wealth Creation[END_REF]

. He identified nine types of fundamental human needs (as shown in Table

3

.1), which are subsistence, protection, affection, understanding, participation, idleness, creation, identity, and freedom. According to

[START_REF] Maslow | A Theory of Human Motivation[END_REF] 

and

[START_REF] Max-Neef | Development and human needs, in: Real-Life Economics: Understanding Wealth Creation[END_REF] 

categorization, this study divides the human needs into two types:

  The primary sources of energy are mainly non-renewable: natural gas, oil, coal, and conventional nuclear power. However there are also renewable sources, including solar, falling water, wind, and geothermal sources. The key Sanitation, health and safety are also important. Good health is the foundation of human welfare and productivity. Deficiencies in these areas are visible manifestations of environmental stress. The failure of meeting sanitation, health and safety needs is one of the major causes of many communicable diseases (United Nations (UN), 1987, chap. 2), accidents and injuries(Wood, 1991). The critical of ill health are related to environmental conditions and development problems. Examples of links between development, environmental conditions, and health are air pollution and respiratory illness. It brings the impacts of housing conditions on the spread of tuberculosis, the effects of toxic substances,

	elements of sustainability energy that have to be conciliated are sufficient
	growth of energy supplies to meet energy consumption, utilizing the energy
	usage efficiency, and public health impacts from energy usage (United Nations
	(UN), 1987, chap. 7).
	5.
	Hence, it is needed to
	prevent these pollution problems by enforcing emission standards, promoting
	low-waste technologies, and anticipating the impact of new products,
	technologies, and wastes (United Nations (UN), 1987, chap. 2).
	4. Energy is necessary for daily survival. Future development crucially depends on
	its long-term availability quantities from sources that are dependable, safe, and
	environmentally sound. Energy provides essential services for human life such

as heat for warmth, cooking, manufacturing, power for transport and mechanical work. At the present, the energy to provide these services comes from fuels -oil, gas, coal, nuclear, wood, and other primary sources (solar, wind, or water power).

Table 3 .

 3 2 Principles and guidance to achieve sustainable development

		Needs		Principles	Guiding for SD
		1) Economic	 Reduce poverty	 Equitable income distribution
		security		 Better	income
				distribution	
		2) Natural		 Sufficient	material,	 Improving material usage efficiency
		resources	water and land for	 Conserving and efficiently using
		(raw material,	livelihood		natural resources. Efficiency can be
	Physical	air, soil)	water,	 Reduced vulnerability to natural disasters and technological risks	improved by considered using, recycling, and substitution capability.  Promote less material products and technologies
						 Assess potential impacts of new
						technologies before they are widely
						used, in order to ensure that their
						production, use, and disposal do not
						overstress environmental resources.
		3) Clean		 Living in a clean	 Prevent and reduce air, water, and
		environment	environment	(clean	soils pollution.

Table 3
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	.4. The goals of sustainable

Table 3 .

 3 5 Short-term and long-term perspectives of SD contribution

	Dimensions	Short-term			Long-term
	Economic				
	Financial	 Increasing	revenue,	profit,	 Equitable income for employees
		market share of supply chain		 Equitable income distribution for local
		 Reducing cost of operation		community
						 Equitable income distribution for all
	Non-financial  Increasing	quality,	delivery	 Increasing trusts, flexibility, agility of
		performance,	reputation	of	supply chain
		supply chain.			
	Environmental				
	Raw material  Conserve and enhance the raw	 Shift to less-material usage products
		material by efficiently using	and technologies
		through reduce, reuse, recycle
		concepts.			
		 Reducing hazardous material
		usage			

Table 3 .

 3 6 Criteria of sustainability/green supplier evaluation and selection

	References Supplier evaluation criteria	Dimension	Indicator
			EC EN SO LD LG
	Hutchins	Social sustainability criteria		
	and	-Labor equity	X	X
	Sutherland	-Health care	X	X
	(2008)	-Safety	X	X
		-Philanthropy	X	X
	Lee et al			
	(2009)			

Table 3 .

 3 7 Judgment approach for assessing sustainability measures

	References	Sustainability metrics and measures
	Hutchins and Sutherland (2008)	Evaluating supplier's performance among 5 suppliers by
		using absolute measurement. The formulas to calculate
		each performance criterion are as follow;
		-Labor equity (ratio of the average hourly labor cost
		(including benefits and taxes) to the total
		compensation package (converted to an hourly
		measure) for the company's highest paid employee
		(often the Chief Executive Officer or CEO)
		-Health care (ratio of company paid healthcare
		expenses per employee to the market capitalization
		per employee) (health maintenance (or wellness)
		expenses per employee)
		-Safety (ratio of average days not injured to the total
		days worked (per employee))
		-Philanthropy (ratio of charitable contributions to
		market capitalization)
	Lee et al (2009)	Evaluating supplier's performance among 3 suppliers by
		using relative measurement among other suppliers with
		respect to each criterion.
	Bai and Sarkis (2010)	Evaluating supplier's performance among 30 suppliers by
		using the scale of performance rating. The seven-scale of
		linguistic rating are very poor (VP), Poor (P), Somewhat
		fair (SF), Fair (F), Somewhat good (SG), Good (G), and Very
		good (VG)
	Tseng and Chiu (2010)	Evaluating supplier's performance among 4 suppliers by
		using the scale of performance rating. The five-scale of
		linguistic rating are very poor (VP), Poor (P), Fair (F), Good
		(G), and Very good (VG)
	Amindoust et al (2012)	Evaluating supplier's performance among 5 suppliers by
		using the scale of performance rating. The four-scale of
		linguistic rating are weakly preferred (WP), moderate
		preferred (MP), strongly preferred (SP), and extremely
		preferred (EP)
	Buyukozkan and Cifi (2012)	Evaluating supplier's performance among 5 suppliers by
		using the scale of performance rating. The eleven-scale of
		linguistic rating are none (N), very low (VL), low (L), fairly
		low (FL), more or less low (ML), medium (M), more or less
		good (MG), fairly good (FG), good (G), very good (VG), and
		excellent (E)
	Shen et al (2012)	

Evaluating supplier's performance among 3 suppliers by using the scale of performance rating. The seven-scale of linguistic rating are very poor (VP), poor (P), medium poor (MP), fair (F), medium good (MG), good (G), and very good

Table 4

 4 

		.1 Differences between multi-criteria decision making (MCDM) and multi-criteria
	decision aiding (MCDA)					
		Characteristic			MCDM		MCDA
	Alternative			A set of feasible alternatives (A) is
	A is a set of alternatives a. The	supposed to be a well-defined set
	alternatives for decision problem	by means of mathematical
	can	be	denoted	as:	formulations	(in	case	of
	A = {a 1 , … , a n }			continuous alternatives) or by a list
					of alternatives (in case of discrete
					alternatives).			

Table 4 .

 4 2 Characteristics of each MCDA category

	Category	Characteristics

Table 4

 4 Issued addressed by results  This feature helps decision maker to consider future perspective after getting the result from decision process. Decision maker should provide solutions for idle issues or consider different concurrent or opposite aspects. MCDA methods selection depends on flexibility of the methodology to different characteristics of indicators. Decision maker should consider geographical scales of indicators, linkage between actors on different level, societal and technical problems and combination with other methods. Data situation  Decision maker should identify the data situation in preferences system. The sub-categories in this sub criterion are type of data (quantitative, qualitative, crisp, and fuzzy), uncertainties of data, and amount of data processing.

	.3 Guideline to analyze characteristics of decision problem for selection MCDA
	method	
		Criteria: Operational Components of Methods
	Criteria characteristics	 Decision maker should identify the quality of criteria in the context of three
		possible characteristics, which are interdependence of criteria, sensitivity of
		the results with respect to the completeness of criteria, and possibility for the
		consideration of non-linear preferences.
	Weight of criteria	

 Transparency of the weighting process is explicit or implicit?  The meaning of criteria's weight is an importance or trade-off? Solution finding procedure  Decision maker has to define the solution finding procedure. It is selecting, sorting, ranking, non-dominated options or a mixture of different procedure.

Criteria: Operational Components of Methods

Table 4 . 4 Table 4 .

 444 4 Summarized of problem characteristics in the first stage

	Level of	Problem characteristic	MCDA method required
	decision		properties
	process		
	Level I	 A set of feasible alternatives is finite	 Discrete methods
		 Problematic determination: Ranking	 Aggregation procedure is
		problematic	required to address

Table 4

 4 

.7 Fuzzy Comparison Matrix with Respect to the goal

Table 4 .

 4 8 Fuzzy Comparison Matrix with respect to hygiene

	Criteria	HM	HSP	HSV
	HM	(1,1,1)	(3/2, 2, 5/2)	(3/2, 2, 5/2)

Table 4 .

 4 19 Fuzzy Comparison Matrix with Respect to the goal

	Criteria		Criteria Priority Weight	
		Method-I	Method-II	Method-III
	H	(0.1494, 0.3158, 0.3215)	(0.1611, 0.3158, 0.291)	(0.1611, 0.3158, 0.291)
	QM	(0.1582, 0.2632, 0.3511)	(0.1727, 0.2632, 0.3129)	(0.1727, 0.2632, 0.3129)
	QS	(0.3827, 0.4211, 0.7761)	(0.4518, 0.4211, 0.6353)	(0.4518, 0.4211, 0.6353)

Table 4 .

 4 20 Fuzzy Comparison Matrix with respect to hygiene

	Criteria	Criteria Priority Weight

  Table 5.2 Table 5.2 Sustainability indicators and metrics for evaluating supplier's performance

	Level 1	Level 2		Level 3
	Dimension	Indicators		Measures
	Environmental	Energy efficiency	EN1.1 Energy consumption monitoring program
	(EN)	(EN1)	EN1.2 Implementation of energy efficiency program
		Resource used	EN2.1 Resource consumption monitoring program
		efficiency (EN2)	EN2.2 Implementation of resource efficiency program
		Emission	EN3.1 Pollution emission
		(EN3)	EN3.2 Program to reporting and reducing of global
				warming gases (GWGs)
		Green	EN4.1 Eco-design implementation
		competencies (EN4)	EN4.2 Implementing product life cycle analysis EN4.3 Initiative to implement green technology
	Social	Employee health	SO1.1	Health and safety management
	(SO)	and safety (SO1)	SO1.2 SO1.3	Initiatives to increase safety in company Workplace conditions
		Hazardous	SO2.1	Programs to manage hazardous substances
		substances (SO2)	SO2.2	Compliance with RoHS
		Fair trade and	SO3.1	Policy and program to increase employee's
		Ethical issues		quality of life
		(SO3)	SO3.2	Ethical issues in employee management policy
			SO3.3	Program to monitor an involuntary or child
				labor of first-tier supplier
		Social responsible	SO4.1	Human resource skill and knowledge
		competencies		development system
		(SO4)	SO4.2	Program to improve human well-being of local
				community
	Level 1	Level 2		Level 3
	Dimension	Indicators		Measures
	Economic	Supplier Quality	EC1.1	Supplier process capability
	(EC)	Performance (EC1)	EC1.2 EC1.3	Number of line interruption Sub supplier management
		Supplier Business	EC2.1	Cost
		Performance (EC2)	EC2.2 EC2.3	Delivery performance Flexibility

Table 5 .

 5 Table 5.3. An example of criteria rating of qualitative indicator is shown in Table 5.4. 4 Criteria rating for initiatives to implement green technology

	Table 5.3 Criteria rating for flexibility				
	Metrics	VB	B	AVG	G		VG
	Flexibility	Meet < 70% of	Meet 70% -	Meet 80% -	Meet 90% -	Meet 100% of
		request	79% of request	89% of request	99% of request	request
	Metrics	VB	B	AVG	G		VG
	Initiatives to	No action in	Assessing	Implement	Company has	Company has
	implement	this moment	company's	some item of	matured in	wide spread
	green	but company	position,	green	this	issue	innovation
	technology	aware of an	preparing for	technology to	supplier and	and extends
		importance	collecting	improve	conducts	this issue to
		of this issue	information	environmental	activities on	its	supply
			to implement	performance	innovation of	chain
			green		green		
			technology		technology	
					and/or		
					extends	to	
					first-tier		
					supplier		

Table 5 .

 5 5 The linguistic scale for pairwise comparison

	Linguistic scale

Table 5

 5 

	.6 Linguistic comparison matrix with respect to Sustainability
		EC	EN	SO
	EC	JE	SMI	AMI
	EN	1/SMI	JE	VSMI
	SO	1/AMI	1/VSMI	JE
	Table 5.7 Fuzzy Comparison Matrix with Respect to Sustainability	
		EC	EN	SO
	EC	(1, 1, 1)	(3/2, 2, 5/2)	(5/2, 3, 7/2)
	EN	(2/5, 1/2, 2/3)	(1, 1, 1)	(2, 5/2, 3)
	SO	(2/7, 1/3, 2/5)	(1/3, 2/5, 1/2)	(1, 1, 1)
	λ_max= 3.0291,	CR=0.02505		

  Table 5.8 to Table 5.10 show the results of the pairwise analysis for sustainability indicators. The consistency ration for each matrix were computed and displayed on each corresponding table. All the pairwise comparison matrices are consistence.

	Table 5.9 Fuzzy Comparison Matrix with respect to Environment (EN)
		EN1		EN2	EN3	EN4
	EN1	(1, 1, 1)		(1/2, 1, 3/2)	(1/2, 2/3, 1)	(2/5, 1/2, 2/3)
	EN2	(2/3, 1, 2)		(1, 1, 1)	(1/2, 2/3, 1)	(2/5, 1/2, 2/3)
	EN3	(1, 3/2, 2)		(1, 3/2, 2)	(1, 1, 1)	(1/3, 2/5, 1/2)
	EN4	(3/2, 2, 5/2)	(3/2, 2, 5/2)	(2, 5/2, 3)	(1, 1, 1)
	λ_max= 4.0496,	CR=0.0184	
	Table 5.10 Fuzzy Comparison Matrix with respect to Social (SO)
	Table 5.8 Fuzzy Comparison Matrix with respect to Economic (EC)
			EC1		EC2
	EC1		(1, 1, 1)		(1/2, 1, 3/2)
	EC2		(2/3, 1, 2)		(1, 1, 1)
	λ_max=2.0000,	CR=0.0000	

Table 5 .

 5 11 Fuzzy Comparison Matrix with Respect to Supplier quality performance (EC1)

		EC1.1	EC1.2	EC1.3
	EC1.1	(1, 1, 1)	(1/3, 2/5, 1/2)	(1, 3/2, 2)
	EC1.2	(2, 5/2, 3)	(1, 1, 1)	(5/2, 3, 7/2)
	EC1.3	(1/2, 2/3, 1)	(2/7, 1/3, 2/5)	(1, 1, 1)
	λ_max= 3.0055,	CR=0.0048		
	Table 5.12 Fuzzy Comparison Matrix with Respect to Supplier business performance (EC2)
		EC2.1	EC2.2	EC2.3
	EC2.1	(1, 1, 1)	(3/2, 2, 5/2)	(3/2, 2, 5/2)
	EC2.2	(2/5, 1/2, 2/3)	(1, 1, 1)	(3/2, 2, 5/2)
	EC2.3	(2/5, 1/2, 2/3)	(2/5, 1/2, 2/3)	(1, 1, 1)
	λ_max= 30536,	CR=0.0462		

Table 5 .

 5 16. All these four comparison matrices are consistence. Table 5.13 Fuzzy Comparison Matrix with respect to Energy efficiency (EN1)

		EN1.1	EN1.2	
	EN1.1	(1, 1, 1)	(1, 3/2, 2)
	EN1.2	(1/2, 2/3, 1)	(1, 1, 1)	
	λ_max= 2.0000,	CR=0.0000		
	Table 5.14 Fuzzy Comparison Matrix with respect to Resource used efficiency (EN2)
		EN2.1	EN2.2	
	EN2.1	(1, 1, 1)	(3/2, 2, 5/2)
	EN2.2	(2/5, 1/2, 2/3)	(1, 1, 1)	
	λ_max= 2.0000,	CR=0.0000		
	Table 5.15 Fuzzy Comparison Matrix with respect to Emission (EN3)
		EN3.1	EN3.2	
	EN3.1	(1, 1, 1)	(1/3, 2/5, 1/2)
	EN3.2	(2, 5/2, 3)	(1, 1, 1)	
	λ_max= 2.0000,	CR=0.0000		
	Table 5.16 Fuzzy Comparison Matrix with respect to Green competencies (EN4)
		EN4.1	EN4.2	EN4.3
	EN4.1	(1, 1, 1)	(1, 3/2, 2)	(2/3, 1, 2)
	EN4.2	(1/2, 2/3, 1)	(1, 1, 1)	(2/5, 1/2, 2/3)
	EN4.3	(1/2, 1, 3/2)	(3/2, 2, 5/2)	(1, 1, 1)
	λ_max= 3.0092,	CR=0.0079		

Table 5 .

 5 24. These linguistic judgments can be converted into fuzzy number by using the converting table shown in Table5.25. The result in this step is determined as the local priority weight for suppliers. The supplier's performance in all measures in term of fuzzy score are shown in Table5.26 Table5.24 Linguistic judgment of supplier's performance rating

	Level 1	Level 2		Level3	Supplier A	Supplier B	Supplier C	Supplier D	Supplier E
	Economic (EC)	Supplier Quality Performance	EC1.1 EC1.2	AVG AVG	W AVG	VW G	AVG G	G AVG
		(EC1)		EC1.3	W	AVG	W	G	VW
		Supplier Business Performance	EC2.1 EC2.2	W W	AVG W	VW G	VG VG	AVG G
		(EC2)		EC2.3	AVG	AVG	W	W	G
	Environmental (EN)	Energy efficiency (EN1)		EN1.1 EN1.2	AVG G	AVG AVG	AVG W	G VW	VG VW
		Resource used efficiency (EN2)	EN2.1 EN2.2	VW VW	VW G	G VG	G G	VG VG
		Emission (EN3)		EN3.1 EN3.2	AVG W	AVG W	VG VG	W W	AVG W
		Green competencies (EN4)	EN4.1 EN4.2	VW W	G W	VW VG	VW W	VW G
				EN4.3	AVG	VG	VW	W	W
	Social	Employee		SO1.1	W	VG	G	AVG	W
	(SO)	health	and	SO1.2	VW	VG	W	G	G
		safety (SO1)	SO1.3	G	AVG	VW	G	AVG
		Hazardous		SO2.1	G	AVG	W	AVG	W
		substances (SO2)		SO2.2	G	G	G	VW	G
		Fair trade and	SO3.1	VW	VG	VW	VG	G
		Ethical issues	SO3.2	AVG	W	W	W	VW

Table 5 .

 5 30 Global crisp performances of five suppliers: Economic dimension

	Level 3	global weight Supplier A Supplier B Supplier C Supplier D Supplier E
	Supplier Quality Performance (EC1)				
	EC1.1	0.069	0.039	0.026	0.013	0.039	0.051
	EC1.2	0.147	0.087	0.087	0.113	0.113	0.087
	EC1.3	0.049	0.018	0.027	0.018	0.036	0.009
	Total EC1	0.2497	0.1444	0.1404	0.1443	0.1883	0.1475
	Supplier Business Performance (EC2)				
	EC2.1	0.135	0.049	0.073	0.024	0.127	0.073
	EC2.2	0.097	0.034	0.034	0.070	0.088	0.070
	EC2.3	0.058	0.029	0.029	0.019	0.019	0.040
	Total EC2	0.2723	0.1120	0.1364	0.1139	0.2349	0.1832
	Total EC	0.5087	0.2565	0.2768	0.2582	0.4233	0.3306

Table 5

 5 
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Table 5 .

 5 32 Global crisp performances of five suppliers:

Social dimension Level 3 global weight Supplier A Supplier B Supplier C Supplier D Supplier E

  

	Level 3	global weight Supplier A Supplier B Supplier C Supplier D Supplier E
	SO3.3	0.01087	0.00173	0.00918	0.00173	0.00539	0.00918
	Total SO3	0.0273	0.0093	0.0184	0.0069	0.0146	0.0153
	Social responsible competencies (SO4)				
	SO4.1	0.03882	0.02894	0.02894	0.02894	0.02153	0.00718
	SO4.2	0.01346	0.00478	0.00965	0.00239	0.00718	0.00239
	Total SO4	0.0513	0.0337	0.0386	0.0313	0.0287	0.0096
	Total SO	0.1514	0.0923	0.1159	0.0763	0.0902	0.0676
	Employee health and safety (SO1)				
	SO1.1	0.01869	0.00611	0.01583	0.01266	0.00936	0.00611
	SO1.2	0.01174	0.00189	0.00990	0.00378	0.00792	0.00792
	SO1.3	0.02002	0.01382	0.01048	0.00349	0.01382	0.01048
	Total SO1	0.0451	0.0218	0.0362	0.0199	0.0311	0.0245
	Hazardous substances (SO2)					
	SO2.1	0.02480	0.01833	0.01351	0.00900	0.01351	0.00900
	SO2.2	0.01309	0.00916	0.00916	0.00916	0.00225	0.00916
	Total SO2	0.0366	0.0275	0.0227	0.0182	0.0158	0.0182
	Fair trade and ethical issues (SO3)				
	SO3.1	0.00614	0.00094	0.00501	0.00094	0.00501	0.00401
	SO3.2	0.01291	0.00661	0.00423	0.00423	0.00423	0.00212



  The selected sustainability indicators and metrics are specific to implement only in the case study company. These indicators and metrics are not covering all sustainability criteria. It depends on the strategy of company. This supplier assessment measurement model is a "tailor-made" model. It means that if other companies need to measure sustainability performance of their suppliers. They should construct their own performance indicators and metrics. However, in the first part of this work, we provide a generic approach to construct sustainability indicators and metrics for the company.

	Due to the limitation of complexities in sustainability context, available data in company,
	and future extension of the proposed performance measurement model, this research
	work can be developed in both academic and industrial domains.
	 This work provides a generic framework for measuring sustainability
	performance for sSCM. Researchers can adopt this framework and a process-
	based approach to construct sustainability metrics for measuring performance
	at different process and different decision making level.
	 Because of the research work on measuring social performance in supply chain
	is still in the beginning stage. Researchers can adopted the proposed
	sustainability criteria to enhance key social practices for sSCM in industrial
	sector.

 This performance measurement model focuses on leading indicators to provide improvement actions for supplier. However, company can construct another set of indicators which are lagging indicator. Then company can find the correlation between sustainability practices and outcome performance of suppliers.

Table I -

 I 1 Sustainability metrics: Economic

	Category	Company level		Supply chain level	Stakeholders level
	Financial	 Sales				 Equivalent monetary	 Taxes paid to all tax-
		 Production volumes		value of cost reduction	levying authorities
		 Total income			from	 State subsidies and
		 Total cost			activities/projects	assistance
		 Net revenue  Total expenditure of  The structure retirement plans of employee value of all benefits to  Equivalent monetary employee's salary	collaborating suppliers customers collaborating activities/projects from value of cost reduction with with  Equivalent monetary	 Total activities to increase number of shareholder's earning
		offered to employee	
		 Personnel	costs
		(wages,	salaries,
		social	welfare
		contributions,		
		pension		plan
		expenses, employee
		benefits)		
	Economic	 Percentage of local	 Percentage	of	 (None identified)
	value	employee			suppliers who include
	distributed	 Percentage	budget	preferring	locally
		that spent on local	based	into	their
		suppliers			strategic policy
		 Policy or common
		practices	for
		preferring	locally
		based supplier		
		 Total	number	of
		activities	for
		generating income to
		local community	

Table I -

 I 2 Sustainability metrics: Material

	Category	Company level	Supply chain level	Stakeholders level
	Material	 Total	material	 Percentage	of	 Total number of
	conservation	consumption	suppliers	who	products/product
		 Percentage	of	commit to increase	families	which
		material		material		participate in to
		consumption	consumption		take-back program
		reduction		efficiency		
		 Percentage	of	 Equivalent		
		recycled	and/or	monetary value of	
		reused material	material		
		 Percentage	of	consumption		
		recyclable and/or	reduction	from	
		reusable material	activities/projects	
		 Equivalent		collaborating with	

Table I -

 I 4 Sustainability metrics: Energy

	Category	impact sources Company level	Supply chain level	Stakeholders level								
	Environmental Ethical issues  Total  CO2 emissions number of	 Total number of (None identified) (None identified)  Total expenditure								
	prevention Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline Standard/ Regulation/Guid eline GRI	 GHG emissions  Water emissions  Significant quantities of spilled chemicals, oils, and fuels  Total quantities of solid waste  Percentage of waste recycling  Fines and sanctions standards of ethical behavior which are applied in the company  Total number of Actions taken in response to incidents of corruption.  Percentage of employees trained in organization's anti-corruption Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed Cod e Description Financial Company's financial Economic distributed policies for non-compliance with applicable and procedures.  Percentage and total C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 C1 C1.1 C1.2 international declarations, conventions, and treaties, as well as with national, regional, and local regulations relating to environmental issues  Cost saving from implementing clean technology  Ratio of products/product family using LCA thinking to assess environmental impacts before they are widely used  Percentage of suppliers who meet employee training on number practices/projects collaborating with suppliers to reduce environmental emissions  Total number of practices/projects collaborating with customers to reduce environmental emissions Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material Non-Financial Quality Time Flexibility Material  Ratio of products/product C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 C2 C2.1 C2.2 C2.3 C2 of criteria  Total hours of  Percentage and (None identified) in social activities for valuing, protecting, and restoring ecosystems Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention Material conservation Hazardous substances/material Natural Resources Natural Resources conservation Environmental prevention C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 C2.1 C2.2 C3 C3.1 C3.2 environmental family using Eco-design by collaborating with suppliers and customers EC1 Direct EC2 Financial government. operation. primarily for materials EN6 Initiatives to EN8 Total water areas and restored. EN1 Total direct by weight. EN2 Weight of biodiversity products sold EN2 Significant LA1 Total employees LA5 Minimum committees LA8 Education, agreements managing group, that have concerning which the child labor, elimination rights of impacts on analyzed for SO6 Total value of SO8 Monetary , and PR4 Total number surveys with management 6.3.7 Discriminatio 6.7.7 Consumer realization 5. number of business units analyzed for risks related to corruption. economic value generated and distributed, including revenues, operating costs, employee compensatio n, donations and other community investments, retained earnings, and payments to capital providers and governments. X X X X implications and other risks and opportunities for the organization' s activities due to climate change. X EC3 Coverage of the organization' s defined benefit plan obligations. X X EC4 Significant financial assistance received from EC5 Range of ratios of standard entry level wage by gender compared to local minimum wage at significant locations of operation. X X EC6 Policy, practices, and proportion of spending on locally-based suppliers at significant locations of X X EC7 Procedures for local hiring and proportion of senior management hired from the local community at significant locations of operation. X X EC8 Development and impact of infrastructur e investments and services provided public benefit through commercial, in-kind, or pro bono engagement. EC9 Understandin g and describing significant indirect economic impacts, including the extent of impacts. EN1 Materials used by weight or volume. X EN2 Percentage of X used that are recycled input materials. EN3 Direct energy consumption by primary energy source. EN4 Indirect energy consumption by primary source. EN5 Energy saved due to conservation and efficiency improvement s. provide energy-efficient or renewable energy based products and services, and reductions in energy requirements as a result of these initiatives. EN7 Initiatives to reduce indirect energy consumption and reductions achieved. withdrawal by source. X EN9 Water sources significantly affected by withdrawal of water. X EN1 0 Percentage and total volume of water recycled and reused. X EN1 1 Location and size of land owned, leased, managed in, or adjacent to, protected X areas of high biodiversity value outside protected areas. EN1 2 Description of significant impacts of activities, products, and services on biodiversity in protected areas and areas of high biodiversity value outside protected areas. X EN1 3 Habitats protected or X EN1 4 Strategies, current actions, and future plans for managing impacts on biodiversity. X EN1 5 Number of IUCN Red List species and national conservation list species with habitats in areas affected by operations, by level of extinction risk. X 6 and indirect greenhouse gas emissions by weight. X EN1 7 Other relevant indirect greenhouse gas emissions by weight. X EN1 8 Initiatives to reduce greenhouse gas emissions and reductions achieved. X EN1 9 Emissions of ozone-depleting substances X EN2 0 NOx, SOx, and other significant air emissions by type and weight. X EN2 1 Total water discharge by quality and destination. X EN2 2 Total weight of waste by type and disposal method. X EN2 3 Total number and volume of significant spills. X 4 transported, imported, exported, or treated waste deemed hazardous under the terms of the Basel Convention Annex I, II, III, and VIII, and percentage of transported waste shipped internationall y. X EN2 5 Identity, size, protected status, and X value of water bodies and related habitats significantly affected by the reporting organization' s discharges of water and runoff. EN2 6 Initiatives to mitigate environment al impacts of products and services, and extent of impact mitigation. X X EN2 7 Percentage of X and their packaging materials that are reclaimed by category. EN2 8 Monetary value of significant fines and total number of non-monetary sanctions for non-compliance with environment al laws and regulations. 9 environment al impacts of transporting products and other goods and materials used for the organization' s operations, and transporting members of the workforce. X EN3 0 Total environment al protection expenditures and investments by type. workforce by employment type, employment contract, and region broken down by gender. LA2 Total number and rate of new employee hires and employee turnover by age group, gender, and region. LA3 Benefits provided to full-time that are not provided to temporary or part-time employees, by major operations. LA1 5 Return to work and retention rates after parental leave, by gender. LA4 Percentage of employees covered by collective bargaining agreements. notice period(s) regarding significant operational changes, including whether it is specified in collective agreements. LA6 Percentage of total workforce represented in formal joint management-worker health and safety that help monitor and advise on occupational health and safety programs. LA7 Rates of injury, occupational diseases, lost days, and absenteeism, and number of work-related fatalities by region and gender. training, counseling, prevention, and risk-control programs in place to assist workforce members, their families, or community members regarding serious diseases. LA9 Health and safety topics covered in formal with trade unions. LA1 0 Average hours of training per year per employee by gender and by employee category. LA1 1 Programs for skills management and lifelong learning that support the continued employability of employees and assist them in career endings. LA1 2 Percentage of employees receiving regular performance and career development reviews by gender. LA1 3 Composition of governance bodies and breakdown of employees per employee category according to gender, age minority group membership, and other indicators of diversity. LA1 4 Ratio of basic salary of men to women by employee category. HR1 Percentage and total number of significant investment agreements and contracts that include human rights clauses or undergone human rights screening. HR2 Percentage of significant suppliers, contractors, and other business partners that have undergone human rights screening and actions taken. HR3 Total hours of employee training on policies and procedures aspects of human rights that are relevant to operations, including the percentage of employees trained. HR4 Total number of incidents of discriminatio n and corrective actions taken. HR5 Operations and significant suppliers identified in right to exercise freedom of association and collective bargaining may be at significant risk, and actions taken to support these rights. HR6 Operations and significant suppliers identified as having significant risk for incidents of and measures taken to contribute to the elimination of child labor. HR7 Operations and significant suppliers identified as having significant risk for incidents of forced or compulsory labor, and measures to contribute to the of all forms of forced or compulsory labor. HR8 Percentage of security personnel trained in the organization' s policies or procedures concerning aspects of human rights that are relevant to operations. HR9 Total number of incidents of violations involving indigenous people and actions taken. SO1 Percentage of operations with implemented local community engagement, impact assessments, and development programs. SO9 Operations with significant potential or actual negative local communities. SO1 0 Prevention and mitigation measures implemented in operations with significant potential or actual negative impacts on local communities. SO2 Percentage and total number of business units risks related to corruption. SO3 Percentage of employees trained in organization' s anti-corruption policies and procedures. SO4 Actions taken in response to incidents of corruption. SO5 Public policy positions and participation in public policy development and lobbying. financial and in-kind contributions to political parties, politicians, and related institutions by country. SO7 Total number of legal actions for anti-competitive behavior, anti-trust, and monopoly practices and their outcomes. value of significant fines and total number of non-monetary sanctions for non-compliance with laws and regulations. PR1 Life cycle stages in which health and safety impacts of products and services are assessed for improvement percentage of significant products and services categories subject to such procedures. PR2 Total number of incidents of non-compliance with regulations and voluntary codes concerning health and safety impacts of of incidents of non-compliance with regulations and voluntary codes concerning product and service information and labeling, by type of outcomes. PR5 Practices related to customer satisfaction, including results of measuring customer satisfaction. PR6 Programs for adherence to laws, standards, and voluntary codes related to marketing communicati ons, including advertising, promotion, and sponsorship. PR7 Total number of incidents of non-compliance regulations and voluntary codes concerning marketing communicati ons, including advertising, promotion, and sponsorship by type of outcomes. PR8 Total number of substantiated complaints regarding breaches of customer systems in achieving conformance with requirements or expectations relationship of environment al performance to financial performance X X X X programmes in local communities with respect to environment al issues, n and vulnerable groups 6.3.8 Civil and political rights 6.3.9 Economic, social and cultural rights 6.3.1 0 Fundamental rights at work 6.4 Labor practices 6.4.3 Employment and employment relationships 6.4.4 Conditions of work and data protection and privacy 6.7.8 Access to essential services 6.7.9 Education and awareness 6.8 Community involvement and development 6.8.3 Community 6.8.4 Education improvement development , analysis and skills 8 Measurement creation and equipment 6.8.5 Employment measuring and culture and monitoring involvement 7.1 Discriminatio Planning of product n X 6. realization 7.2 Disciplinary Customer-related processes Practices X 7.3 7. Working Hours Design and development 8. X 7.4 Remuneratio Purchasing n X 7.5 9. Production and service Management X Systems provision 7.6 Control of	Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy Energy C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4 C4	Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation Energy conservation C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 C4.1 X X X X	Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy Renewable energy C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 C4.2 X	Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety Health and Safety C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5 C5	Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety Employee's Health and Safety C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 C5.1 X X X X X X X X	Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety Customer's Health and Safety C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 C5.2 X X X X X	Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities Human Capabilities C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6 C6	Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills Knowledge and working skills skills Knowledge and working C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 C6.1 X X X X X	Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality Morality C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 C6.2 X X X X X X X X X	Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics Ethics C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7 C7	Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights Human rights rights Human C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 C7.1 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X	Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues Other Ethical issues issues Ethical Other C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 C7.2 X X X X X X X X X X X
		policies procedures	and	agreements suppliers that include with	205 208 209 211 212 213 216								
		concerning aspects of	human rights or that									
		human rights that are	have	undergone									
	Category Energy conservation	Company level relevant  Total energy to consumption  Total fuels consumption  Percentage of energy consumption reduction  Percentage of fuels consumption reduction  Cost saving from implementing low actions as a result of subject to other conditions, or were performance or imposed were either declined and contractors that significant suppliers contracts with  Percentage of employees trained. the percentage of operations, including	Supply chain level human rights  Percentage of suppliers who commit to increase energy consumption efficiency with and/or customers suppliers mean of collaborating energy efficiency by process to increase designed product or  Percentage of re-screening	Stakeholders level families back program participate in to take-which products/product  Total number of								
		energy or renewable energy in company human rights screening.	 Equivalent monetary value of energy									

Product design, material sourcing and selection, manufacturing processes, delivery, end-of-life management Lee and Klassen, 2008 X X X X Wee et al., 2011 X X X X Product design, material sourcing and selection, manufacturing processes, delivery, and end-of-life management. Sarkis et al., 2011 X X X Reverse logistics sSCM Jorgensen and Knudsen, 2006 X X Production processes Carter and Rogers, 2008 X X X Key inter-organizational business processes Seuring and Muller, 2008 X X X X Seuring 2008 X X Ciliberti et al., 2008 X X Font et al, 2008 X X X Business activities Pagell and Wu, 2009

(N/A) Srivastava, 2007 X X X (N/A) Lee and Klassen, 2008 X X (N/A) Wee et al., 2011 X X X (N/A) Sarkis et al., 2011 X X (N/A) sSCM Jorgensen and Knudsen, 2006 X (N/A) Carter and Rogers, 2008 X X X X X (N/A) Seuring and Muller, 2008 X X X X (N/A) Seuring 2008 X X (N/A) Ciliberti et al., 2008 X X X (N/A) Font et al, 2008 X X X (N/A) Pagell and Wu, 2009 X X X (N/A) Haake and Seuring, 2009 X X X (N/A) Wolf, 2011 X X

Performance attribute Cost  Assets X X X X X X X X -X X X X X

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X XX Tseng and Chiu (2010) GSCM criteria -Delivery reliability (C1) -Supplier chain practices (C2) -Supplier relationship closeness (C3) -Competitiveness to satisfy customer needs (C4) -Product conformance quality (C5) -Flexibility of supplier (C6) -Internal service quality (C7) -Green design (C8) -Green purchasing practices (C9) -Life cycle assessment practices (C10) -Environmental management system (EMS) certificate (C11) -Internal green production plan (C12) -Firm's management support (C13) -Cleaner production practices (C14) -Long-term cooperation with suppliers (C15) -Knowledge-based EMS support (C16) -Number of patents (C17) -Degree of innovativeness of R&D green products(C18) X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Amindoust et al (2012) Sustainable supplier selection criteria Economic criteria -Profit -Quality -Delivery -Service Environmental criteria X X X X X X X X X

framework of hierarchical structure provides the base of measuring process performance, through the method of performance of activity (POA). According to the function of metric, which are divided into two types (metrics to measure performance of implementation sSC practices and metric to measure outcome performance of supply chain activities), the board of performance metric is measuring outcome performance of activities. Measuring performance of sSC practices implementation are measured using a point scales ranging method for example Koh et al.

(2007) using a seven-point scales ranging from "strongly disagree" to "strongly agree" to construct measuring dimensions of supply chain practice were adopted.

SUPPLIER'S SUSTAINABILITY PERFORMANCE ASSESSMENT

Supplier performance assessment is a multi-criteria decision making problem containing many quantitative and qualitative factors because there are more than criterion needed to be taken into consideration in evaluating a supply source (Zeydan et al (2011), Ho et al (2010), Govindan et al (2013)). The supplier's performance assessment activity is applied for supplier evaluation and selection problem in SCM.

Among the traditional supplier assessment research neither environmental nor social criteria have been emphasized [START_REF] Bai | Integrating sustainability into supplier selection with grey system and rough set methodologies[END_REF]. In this section, the literature

References Supplier evaluation criteria Dimension Indicator

EC EN SO LD LG -Environmental management system (EMS) -Environmental competencies (EC) Social criteria -The rights of stakeholders (TRS) -Work safety and labor healthy (WS&LH) X X X X X X X X X Buyukozkan and Cifi ( 2012)

Criteria for selecting and evaluating -Pollution production (C1) -Resource consumption (C2) -Eco-design (C3) -Green image (C4) -Environmental management system (C5) -Commitment of GSCM from managers (C6) -Use of environmentally friendly technology (C7) -Use of environmentally friendly materials (C8) According to the criteria in Table 3.6, we found that all of these works provide a description in each criterion in order to help decision maker to understand how to evaluate supplier performance. The criteria in literatures consist of both leading and lagging indicators as shown in the last two columns Table 3.6. The indicator type identification is analyzed based on criterion description in literatures. Almost of these literatures evaluate supplier performance in each criterion by using the subjective judgment in qualitative aspect. Except an evaluation by [START_REF] Hutchins | An exploration of measures of social sustainability and their application to supply chain decisions[END_REF] which proposed formula to calculate social metrics in term of quantitative value (the References Sustainability metrics and measures (VG) Govindan et al (2013a) Evaluating supplier's performance among 4 suppliers by using the scale of performance rating. The five-scale of linguistic rating are very poor (VP), Poor (P), Fair (F), Good (G), and Very good (VG)

CONCLUSION

The purpose of this chapter is to identify sustainability criteria in the supply chain management context by using the sustainable development concept from Bruntland commission as a framework. The sSCM needs was identified regarding to physical and non-physical needs from an industrial side. The main criticism of measure sustainability in supply chain is the difficulties to evaluate sustainability along whole supply chain. It is still a challenge for supply chain performance evaluation. Thus, this research work considers supply chain as a direct supply chain (focusing on focal company and its first tier suppliers and customers). There are three main features to construct sustainability metrics which are (1) supply chain needs identification must covers all of three core dimension, (2) metrics should reflect both short-term and long-term perspective, and

(3) engagement level of activities must covers supply chain level.

Eight categories of sustainability criteria are proposed and we found that six of eight sustainability criteria, which are financial, non-financial, material, natural resources, energy, and health and safety metrics, can be evaluated in supply chain level but the other two criteria (human capabilities and ethics) can be evaluated in only company level especially in employee's moral and ethical issues.

In order to construct sustainability metrics and measures, there are several of criteria to categorized performance metrics. We proposed to use sustainability criteria as component of measures and use business process/activities and decision level as criteria to consider supply chain component. These proposed criteria can guide decision maker to construct sustainability metrics in general performance measurement system.

However, this thesis focuses on supplier performance assessment. Therefore the sustainability criteria and metrics are discussed in the last section. We found that even focusing on one process, the sustainability criteria and metrics. 

Weight of criteria

The meaning of criteria's weight: importance Solution finding procedure Ranking problematic Issued addressed by results The aggregated overall performance results lead to the comparison of sustainability performance of organization in the supply chain.

Then, the disaggregated from overall performance into economic, environmental and society performance leads to improving direction to be a higher level for the higher level. 

SELECTING MCDA METHOD

The MCDA method which meets the problem characteristics is based on the use of a single synthesizing criterion without incomparability (Santiteerakul et al., 2012a). This section provides the analysis of frequently used methods in a single synthesizing category, which are MAUT, AHP, and EvaMix methods. The comparison of method characteristics following by De Montis et al. (2002) and our problem characteristics is shown in Table 4.6. The briefly descriptions of each method are introduced as follow:

MULTIPLE ATTRIBUTE UTILITY THEORY (MAUT)

MAUT is based on utility theory and uses directly assessed preferences with aggregation procedure by using utility function. According to the comparison of MCDA methods in Table 4.6, we found that only AHP method meets all of the problem characteristics. MAUT method cannot achieve the inter-dependence criteria characteristics and the weight meaning. Meanwhile Evamix method cannot achieve the inter-dependence criteria. Hence, the preference model for evaluating sSCM performance will be constructed by AHP method.

An evaluation of sustainability performance in supply chain context has faced the challenges to reduce the criticisms of existing approaches because of sustainability involves to multi-dimensional performance. In addition, sustainability in supply chain context consists of more complicated elements i.e. involving with several stakeholders, the complexity of supply chain, uncertainties or fuzzy assessment in evaluation process, etc. Thus MCDA method, which is a tool for support and help decision makers to make a better decision, is taken account to construct an evaluation model.

In order to enhance a meaningful of the consequence, selecting an appropriate method for constructing a preference model is an important process. Starting with a clearly identify relevant issues of sSCM performance measurement problem. An explicit objective of sSCM preference model is to ranking an overall sustainability performance in a set of considered companies. The analysis of sustainability indicators in term of a family of attribute helps us to determine the requirement properties in an expected preference model. And we found that the sSCM performance model is based on a single synthesizing criterion without incomparability. Finally, AHP method is the only method, which achieves all of requirements.

Step 4 Determining the fuzzy priority weight.

There are many alternative approaches for determining the fuzzy priority weight [START_REF] Van Laarhoven | A fuzzy extension of Saaty's priority theory[END_REF], [START_REF] Buckley | Fuzzy hierarchical analysis[END_REF], Boender et al. (1989), [START_REF] Chang | Applications of the extent analysis method on fuzzy AHP[END_REF], [START_REF] Csutora | Fuzzy hierarchical analysis: the Lambda-Max method[END_REF], [START_REF] Mikhailov | Deriving priorities from fuzzy pairwise comparison judgments[END_REF]Mikhailov ( , 2004))). [START_REF] Van Laarhoven | A fuzzy extension of Saaty's priority theory[END_REF] extended the crisp AHP method from Graan (1980) and Lootsma (1982) to FAHP based on triangular membership functions. In addition, they defined the operations on fuzzy numbers for FAHP based on the extension principle. Buckely (1985) proposed the geometric mean (GM) method for calculate the fuzzy weights. This procedure easily extends to the multi decision makers situation. Boender et al. (1989) modified van [START_REF] Van Laarhoven | A fuzzy extension of Saaty's priority theory[END_REF] method by using an optimization of logarithmic regression function. [START_REF] Chang | Applications of the extent analysis method on fuzzy AHP[END_REF] proposed a new approach, called the extent analysis (EA) method, to obtain fuzzy priority weight. [START_REF] Csutora | Fuzzy hierarchical analysis: the Lambda-Max method[END_REF] proposed a new method, called Lambda-Max (LM) method, of finding the fuzzy weights. The LM method is the direct fuzzification of the λ_max method, used by Saaty. Mikhailov, (2003) proposed a FAHP programming method to derive optimal crisp priorities, which are obtained from fuzzy pairwise comparison judgments based on α-cuts decomposition of the fuzzy judgments into a series of interval compositions. Even the fuzzy programming method claimed its superiority over some of the existing fuzzy prioritization method [START_REF] Buckley | Fuzzy hierarchical analysis[END_REF][START_REF] Van Laarhoven | A fuzzy extension of Saaty's priority theory[END_REF] but the mathematical complexity involved may restrict its practicability [START_REF] Chan | Global supplier development considering risk factors using fuzzy extended AHP-based approach[END_REF].

Comparing all these proposed approaches on FAHP, only the GM method and LM method do not need to be approximately by triangular membership function, other approaches need to calculate based on triangular fuzzy number. Among the above approaches, the EA method is relatively easier than others because of the simplicity of calculation and less time taking [START_REF] Chan | Global supplier development considering risk factors using fuzzy extended AHP-based approach[END_REF][START_REF] Chang | Applications of the extent analysis method on fuzzy AHP[END_REF]. Thus, the EA method is widely used in an application of FAHP for solving practical multi-criteria decision making problems. Numerous researchers employed FAHP with the EA method to supplier selection problem. [START_REF] Chan | Global supplier development considering risk factors using fuzzy extended AHP-based approach[END_REF] used the EA method to select the best global supplier for a manufacturing firm based on the risk factor criteria. Kilincci and Onal (2011) employed the EA method in supplier selection problem in a washing machine company in Turkey based on three main criteria and 14 sub-criteria. The results of Kilincci and Onal (2011) shown that four sub-criteria obtained the zero priority weight. It means that these four sub-criteria are eliminated from the decision maker's consideration. Therefore, the weights determined by the EA method may lead to a wrong decision-making because some useful information such as decision criteria may not to be considered. However, this thesis will show the zero weight situations by numerical example in section 0.

Let and with the equivalent system, we obtain :

(4-29) (4-30)

Computation of the constant and

The lambda-max method uses the constant and to minimize the fuzziness of the ̃ . The fuzziness is meant the lengths of the -cuts (Csutora and Buckely, 2001) 

NUMERICAL EXAMPLE: COMPARING EXTENT ANALYSIS AND LAMBDA-MAX

This section shows by example that the weights determined by the EA method do not represent the relative importance decision criteria and cannot be used as their priorities. The EA and LM methods are applied to an example from [START_REF] Wang | A modified fuzzy logarithmic least squares method for fuzzy analytical hierarchy process[END_REF] with a slight change.

A big textile company in Turkey has to select the best catering firm. There are three 4.7 to Table 4.10. The performance of three catering firms in each sub-criterion is evaluated by using the performance rating with subjective measurement by using the five-scale of linguistic rating, which are very poor (VP), Poor (P), Fair (F), Good (G), and Very good (VG). Table 4.11 shows the catering's performance in each criterion. The weights obtained for three main criteria and 11 sub-criteria are synthesized using the EA and LM method respectively. The priority weights in each level are shown in Table 4.13 to Table 4.16. According to results of EA method in Table 4.13, the hygiene and quality of meal criteria are eliminated from the decision making because these two criteria obtain the zero weight. Similarly with the zero weight of criterion taste of meal (TM) in Table 4.15 and the zero weight of criteria behavior of service personnel (BSP) and communication on phone (CP) in Table 4.16. The final weights obtained for the three main criteria Hygiene (H), Quality of Meal (QM),

and Quality of Service (QS) are synthesized using the EA and LM to obtain the global weights of each catering firm's performance. The synthesized weights are shown in Table 4.17. Step 2 Structure the decision hierarchy from the top with the goal of the decision, then the objectives from a broad perspective, through the intermediate levels (criteria on which subsequent elements depend) to the lowest level (which usually is a set of the alternatives).

Step 3 Construct a set of pairwise comparison matrices. Each element in an upper level is used to compare the elements in the level immediately below with respect to it.

In the problem consists of criteria, decision-maker is required to give a relative important in each pair of criterion. The pairwise comparison between criteria ( and ) represents by triangular fuzzy number as shown in Figure 4.11 and linguistic scale regarding relative importance is given in Table 4.18. This scale is given by Kahraman et al. 

Step 4 Use the priorities obtained from the comparisons to weigh the priorities in the level immediately below. Do this for every element. Then for each element in the level below add its weighed values and obtain its overall or global priority. Continue this process of weighing and adding until the final priorities of the alternatives in the bottom most level are obtained. The results of the pairwise analysis for these four indicators are shown in Table 5.17 to Table 5.20. All these four comparison matrices are consistence. 

B) Global priority weight

The global sustainability weight of each sustainability measure (level 3), indicator (level 2), and dimension (level 1) can be achieved through multiplying the local weight by its corresponding parent. The larger the final weight of criteria is the higher priority of importance. The results of the weighting vector for standing sustainability criteria list are arranged in Table 5.23 and Figure 5.4. 

DETERMINING PRIORITY AND RANKING SUPPLIER'S PERFORMANCE

Based on the global priority weight of sustainability measures (as shown in Table 5.23)

and the supplier performance rating (as shown in Table 5.26), the the final priority weight of each supplier can be evaluated by using equation (4-40). The results of supplier's performance in each sustainability measure are shown in Table 5.27. The results of overall sustainability performance in each supplier are shown in Table 5.28 and Figure 5.6. It can be noted that among five given suppliers, supplier D has the highest sustainability performance followed by supplier B, E, C, and A respectively.

Therefore, the sustainability performance ranking among five suppliers is D>B>E>C>A.

The decision maker may derive the crisp values of these fuzzy weights performance by using the center of gravity method which is described in section 0. Table 5.29 shows the crisp values of supplier's performance and these results are illustrated as representing in Figure 5.7 An analysis of supplier's performance in economic, environmental, and social dimension found that for economic performance, supplier D is the best performance followed by E, C, B, and A respectively. For environmental performance, the best supplier is C, followed by B, E, D, and A respectively. For social performance, the best supplier is B, followed by A, D, C, and E respectively. 

A) Rank of supplier's performance

According to the calculations of the proposed method-III in section5.5 and the LM method, the results in both approaches are the same. Table 5.35 compares the supplier ranking obtained by proposed method-III and LM. For an overall sustainability performance, supplier ranking is as D, B, E, C, and A. For each sustainable dimension, the supplier ranking of economic is D, B, E, C, and A. For environmental dimension, the supplier ranking is C, B, E, D, and A. Finally, for social dimension, the supplier ranking is B, A, D, C, and E. It means that the proposed approach for evaluating sustainability of suppliers is consistent and valid. 

B) Fuzzy spread comparative analysis

Generally, the fuzzy weight average (FWA) approach is commonly used for aggregating the fuzzy performance of alternatives with respect to a set of criteria. However, FWA presents the problem that the result could be an overestimation of the correct result [START_REF] Klir | Fuzzy arithmetic with requistie constraints[END_REF][START_REF] Lin | Combining fuzzy weight average with fuzzy inference system for material substitution selection in electric industry[END_REF]. In order to avoid this problem, this thesis employs the weakest t-norm arithmetic, which preserves the original shape of the fuzzy numbers [START_REF] Hong | Shape preserving multiplications of fuzzy numbers[END_REF][START_REF] Lin | Combining fuzzy weight average with fuzzy inference system for material substitution selection in electric industry[END_REF], for an aggregation process. The weakest t-norm operations achieve a more exact performance, which means smaller fuzzy spreads under uncertain environment. The spread of triangular fuzzy numbers can be calculated by using the minimum and maximum values at -cuts [START_REF] Chen | The preference order of fuzzy numbers[END_REF]. The fuzzy spread of a fuzzy numbers ̃ can be defined as:

(5-1)

Where and is the minimum and maximum value of ̃ respectively and are defined as follows:

It means that the less fuzzy spread of the result is the better performance of an aggregation approach. Hence, this section compares a spread of final weights of suppliers between the proposed FAHP method-III and the LM method. The comparison  For the proposed method-III: In equation (4-40), to determine final weight of suppliers, the number of times of multiplication is , when is the number of comparison matrix in the last level (in this case is level 3), is number of level, and is the number of suppliers.

 For the LM method: to determine the final weight of supplier's performance, the number of times of multiplication is , when is the number of comparison matrix in the last level (in this case is level 3), is number of level, and is the number of suppliers.

The results of time complexity are shown in Table 5.36 and Table 5.37. From these results, the total number of multiplication of the proposed method-III and the LM method are 2,853 and 6,135 times. It is clearly that the proposed method-III is less complicate than the LM method. Hence, this proposed method helps manager to implement in the real-life situations. 

CONCLUSION

Efficient supplier is always important for the firm because the failure of its coordination results in excessive delays and ultimately leads to poor customer services. In this thesis a new fuzzy AHP approach is proposed and used to evaluate sustainability performance Fair operating practices 6.6.3 Anticorruption X 6.6.4 Responsible political involvement X 6.6.5 Fair competition X 

Appendix I

Sustainability metrics categorized by sustainability criteria and supply chain engagement level