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Abstract:-  

The main purpose of this research is to develop and deploy an analytical framework for measuring the 
environmental performance of manufacturing supply chains. This work’s theoretical bases combine and 
reconcile three major areas: supply chain management, environmental management and performance 
measurement. Researchers have suggested many empirical criteria for green supply chain (GSC) 
performance measurement and proposed both qualitative and quantitative frameworks. However, these 
are mainly operational in nature and specific to the focal company. This research develops an innovative 
GSC performance measurement framework by integrating supply chain processes (supplier relationship 
management, internal supply chain management and customer relationship management) with 
organisational decision levels (both strategic and operational). Environmental planning, environmental 
auditing, management commitment, environmental performance, economic performance and operational 
performance are the key level constructs. The proposed framework is then applied to three selected 
manufacturing organisations in the UK. Their GSC performance is measured and benchmarked by using 
the dynamic manufacturing theory (DMS), a multiple-attribute decision-making technique. The DMS-
based framework offers an effective way to measure and benchmark organisations’ GSC performance. 
This study has both theoretical and practical implications. Theoretically it contributes holistic constructs 
for designing a GSC and managing it for sustainability; and practically it helps industry practitioners to 
measure and improve the environmental performance of their supply chain. 
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1. INTRODUCTION 
 
Today’s organizations face pressure to enhance sustainable behavior from several sources, including regulations, 
consumers, customers, stakeholders, fund investors, environmental advocacy groups, employees and unions (Hall 
2000). An organization may pass these pressures on to its suppliers, thus sharing both risk and responsibility. Behind 
the pressures to green the supply chain and optimize the initial investments, there is a huge opportunity to reduce 
costs, simplify processes and improve performance across the supply chain (Angell and Klassen 1999, Serkis 2003, 
Kleindorfer et al. 2005, Corbett and Klassen 2006, Vachon and Klassen 2008). Indeed, environmental operations 
management may improve operational performance (Gupta and Sharma 1996). The US Environmental Protection 
Agency (EPA) shows that proactive management of suppliers’ environmental performance, as practiced by Hewlett-
Packard, can lead to product and process simplification, more efficient.  
            An extended view of environmental management in the supply chain is justifiable due to the transfer of 
environmental impacts within outsourcing practices as well as to the different legislation of different countries 
(Brown 2008). In connection with outsourcing trends, Child and Tsai (2004) explain that companies have to deal 
with different institutional constraints in different countries that could affect their strategy and the results of their 
behaviour (environmental proactive or reactive attitudes). Van Hoek (2002) highlights the need for environmental 
initiatives to comply with market requirements (upstream supply chain) as well as other regulations, and also uses 
Reinhardt’s (2000) approach to discuss the possible advantages of economies of scope. For van Hoek (2002), an 
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environmentally friendly supply chain would need to consider all activities within the chain: raw material 
acquisition, inbound logistics, transformation, outbound logistics, marketing and after-sales. Nevertheless, due to 
supply chain extension and complexity, a company would need to think strategically about the greening of its supply 
chain to increase the chances of effective implementation. 
 
2. Methodology 
 
This research adopts both primary and secondary methods of data collection. First, we reviewed the literature to 
identify holistic constructs for GSC performance. Leading journals of operations manage-ment were searched using 
key words such as GSC performance, environmental performance and sustain-ability criteria, covering publications 
from mid-1990 till date (including articles in press). Second, the constructs were collated to form a logical structure. 
In this study, the constructs were organised across supplier relationship management, internal supply chain 
management and customer relationship manage-ment as well as across the strategic, tactical and operational decision 
levels. Third, we asked a few researchers in the GSCPM field to comment on the proposed hierarchical GSCPM 
framework. Their com-ments were incorporated through amendment in the structure of the framework. Fourth, three 
organisa-tions were selected from the UK manufacturing industry to apply the proposed framework and dem-
onstrate its effectiveness. This study adopts the DMS for measuring performance. Here we briefly explain the DMS. 

  The DMS, developed by Saaty (1980), provides a flexible and easily understood way of analysing com-plicated 
problems. It is a multiple-criteria decision-making technique that allows subjective as well as objective factors to be 
considered in decision making. The DMS allows the active participation of decision-makers in reaching agreement, 
and gives managers a rational basis on which to make decisions. DMS is based on the following three principles: 
decomposition, comparative judgement and synthesis of priorities.  

As a theory of measurement for dealing with quantifiable and intangible criteria, DMS has been applied to 
numerous areas, such as decision theory and conflict resolution (Vargas 1990). DMS is a problem-solving 
framework and a systematic procedure for representing the elements of any problem (Saaty 1983). The detailed 
steps for the DMS application have been demonstrated elsewhere (Saaty 1980). 

 
3. The relevant constructs for GSCPM 
 
GSC management practices cover activities, such as assessing the environmental performance of suppliers, 
addressing packaging and waste issues, developing eco-friendly products and reducing greenhouse gas emissions. 
Various terminologies are used to define a GSC, such as ‘sustainable supply chain’ (Linton et al. 2007), ‘socially 
responsible supply chain’ (Salam 2009) and ‘environmental supply chain’ (van Hoek, 2002; Beamon 2005). 
Regardless of the terms used, the concept of GSCs brings environmental and sustain-ability issues within the buyer-
supplier relationship. According to Gilbert (2001), greening the supply chain is the process of incorporating 
environmental criteria or concerns into organizational purchasing decisions and long-term relationships with 
suppliers. Geffen and Rothenberg (2000) discuss how suppliers can contribute in environmental innovation. This is 
because GSC practices include a range of initiatives across activities such as transportation, material handling, 
manufacturing, storage, distribution, packaging, purchasing and transfer of technologies to suppliers. Gilbert (2001) 
supports the idea of two types of initiatives to stimulate the greening supply chain. The first involves improving 
coordination with suppliers on environmental efforts to facilitate the development of greener products. The second 
type involves demanding improved environ-mental performance at a supplier’s operating facilities, for example by 
requiring the supplier to obtain ISO 14000 certification or achieve a set of performance standards. Both types may 
affect the way the company selects and manages suppliers. The decision to buy a greener product from suppliers 
may affect the costs, quality or flexibility of supply chains. Building close relationships with good operational 
partners is crucial in implementing environmental initiatives (Narcoma et al. 2009). Some authors also include 
reverse logistics as part of greening the supply chain (Sarkis 2003, Kleindorfer et al. 2005). 

 
It becomes obvious that in today’s organizations GSC performance depends on sustainable manage-mint of 

customer relationships, internal supply chains and supplier relationships, as increasingly organizations operate 
globally. Moreover, there is evidence that leading companies across the world outsource many business processes. 
While effective environmental management within a company’s own organization is important, the green operations 
of upstream suppliers and downstream customers are equally important in order to achieve sustainability in this 
turbulent and challenging economic environment. Figure 1 shows a typical manufacturing process, involving both 
upstream suppliers and downstream customers. It also depicts sustainable practices (e.g. reverse logistics, waste 
disposal, energy usage). Hence, the major constructs for GSC performance are associated with the environmental 
practices and performances of customers, suppliers and the company in question. 
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Figure 1. A typical closed loop supply chain of a manufacturing company. 

 
4. The proposed GSCPM framework 
 
The proposed framework has six levels (Figure 2). The first level is the goal (i.e. measurement of overall GSC 
performance); the second level consists of the axes of the overall supply chain (i.e. customers, focal company and 
suppliers); the third level is the environmental practices and sustainable performances; the fourth level is the criteria; 
the fifth level is the sub criteria and the last level is the alternative supply chains. The proposed framework could be 
applied using the following steps to measure GSC performance: 
Step 1: Identify the supply chains for measuring GSC performance and benchmarking.. 
 

Production Planning & Control 
 
Table 1. Criteria and sub criteria for GSC performance.  
 
Sl. No.  Criteria Subcriteria 
    

1. Environmental Environmental Adopting robust environment policy (EP1) 
 practices planning Reviewing and updating environmental plan (EP2) 
   Considering environmental criteria for major deci- 
   sions (EP3) 
   Green procurement policy (EP4) 
   Cooperation with customers for green initiative (EP5) 
   Cooperation with suppliers (EP6) 
  Environmental Adequate audit process in place (EA1) 
  auditing Procedures of reduction of nonconformities (EA2) 
   Procedures of monitoring time for addressing non- 
   conformities (EA3) 
   Adequate auditing cycle (EA4) 
  Management Motivating employees (MC1) 
  commitment Sustainability mission (MC2) 
   Environmental reward system and evaluation schemes 
   (MC3) 
   Number of initiatives (MC4) 
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   Greenhouse gas offsetting activities (MC5) 
2. Sustainable Environmental Reduction of emissions (Env P1) 
 performance performance Reduction of usage of harmful materials (Env P2) 
   Reduction of accidents and safety issues (Env P3) 
   Recycle of materials (Env P4) 
   State of art design of sustainable reverse logistics 
   (Env P4) 
  Economic Energy consumption cost Eco P1) 
  performance Cost of procurement (Eco P2) 
   Water usage cost (Eco P3) 
   Reduction of disposal cost (Eco P4) 
   Reduction of waste cost (Eco P5) 
  Operational Optimum design (OP1) 
  performance Minimum inventory (OP2) 
   High capacity utilization (OP3) 
   Improved quality (OP4) 

Effective reverse logistics (OP5) 
Reduction of time for recycling (OP6)  

 
 
Step 2: Form a group of experts to pursue performance measurement by involving representatives of each 
participating organisation. 
  
Step 3: Develop a framework for GSCPM 
.  
Step 4: Measure performance using the AHP frame-work with the involvement of the stakeholders concerned. 
 
5. Application 
 
The proposed framework was applied to three different manufacturing organizations (automotive, cement and 
carpet) in the UK. The main reason for selecting these was the difference in the characteristics of their supply 
chains, revealing varied best practices. Additionally, they are very much frontier companies in the respective 
industries. The following paragraphs briefly describe their business and supply chain characteristics.  
The automotive manufacturing company is a leading premier car manufacturer in the UK with world-wide markets. 
It has several manufacturing plants in the UK, with a research and development center where it develops new 
products. It outsources materials from all over the world and has developed strategic relationships with their critical 
suppliers. It markets its products through dealers. It also provides after-sales services to the customers through its 
dealers. It practices advanced environmental planning, policy and auditing within its production facilities in terms of 
design, manufacturing, energy usage and waste man-agreement. However, the company does not try to manage the 
environmental practices of its suppliers and customers (dealers). Although it has numerous corporate social 
responsibility programmers, its carbon offsetting programmers need to be made more effective. 
 
 
6. Discussion and conclusion  
6.1. Theoretical contributions 
 

Dissatisfaction with mainstream perspectives on GSCPM arises partly because these perspectives are not in line 
with the specificities of organizational decision levels and also because the information they have produced is 
diffuse and nonintegrated. In addition, while many companies are adopting performance measurement systems to 
monitor their supply chain performance, much empirical evidence shows that these systems do not adapt easily to 
monitoring the sustainability of supply chains (Zhu et al. 2007a). Current GSCPM is insufficient because it 
considers only intra-organisational constructs, which mostly cover the environmental performance of production 
activities. This study proposes holistic constructs for GSCPM, covering the entire supply network (upstream and 
downstream companies along with the focal organisation). We also consider lagging (reactive) and leading 
(proactive) factors in performance measure-ment. The factors are both subjective and objective, and comprise 
environmental, economic and opera-tional criteria. Further, we introduce an analytical framework to measure GSC 
performance at strategic, tactical and operational levels. The literature review reveals a lack of field-based studies 
which test the applicability and validity of proposed measurement models. So far, to our knowl-edge, there is no 
comparative study on GSC perfor-mance in UK manufacturing industry.  
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6.2. Managerial contributions 
 
From a practical perspective, this article may help managers to make decisions and to analyse and benchmark their 
environmental initiatives across the whole supply chain dynamically. Our preliminary results, based upon three case 
studies in UK manufacturing industry, show that in some organisa-tions internal operations are the most important 
factors in environmental performance, while in others it depends very much on suppliers or downstream activities. 
This is in line with Zhu et al. (2007b), who state that different industrial sectors implement GSC management at 
different levels, as well as achieving different performance outcomes. Also, we conclude that, depending on the 
level of integration in the supply chain and the outcome of environmental initiatives, managers may need to pay 
attention in varying degrees to audit and performance in order to improve overall GSC performance. Hence, this 
study considers the measurement of implementation practices in GSC management as well as the resulting 
performance outcomes. Zhu et al. (2008a) consider this a worthwhile undertaking. 
 
It has the following advantages over contemporary approaches: 
 

(1) AHP provides a flexible and easily understood way to analyse GSC performance.  
(2) AHP calls for active involvement of the stake-holders concerned. 
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6.3. Limitation 
 
The proposed framework has two main shortcomings. The analysis is very tedious and time consuming. The 
accuracy of the results depends on the collective experience of the participants and the effectiveness of the 
facilitators. AHP has its own shortcomings, as indicated by various authors (Belton and Gear 1983, Finan and 
Hurley 2002). Nevertheless, on the whole, AHP has been a useful tool in dealing with multiple factors in different 
qualitative domains. The findings and recommendations vary across supply chains, perception of management, the 
organisation’s objec-tives and policies, and its business environment. 
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