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Supply chains are the backbone behind companies. Integrating sustainability in supply 

chains is difficult but essential to gain competitive advantages. While sustainability 

recognizes the interdependence of environmental, social, and economic aspects, 

measuring and managing performance across chain partners is challenging. The 

information generated from measurement process is used by management to control, 

communicate, and improve their efforts and relationships with partners. Hence, supply 

chain sustainability measurement and management are critical in achieving firm’s 

strategic objectives. However, existing performance measurement and management tools 

fail to consider all sustainability aspects across supply chain practices and partners. 

The goal of this dissertation is to explore and develop approaches for measuring and 

managing sustainability performance of supply chains. By applying a mixed methodology 

including a systematic literature review, conceptual design, content analysis, meta-

analysis, fuzzy Entropy, fuzzy TOPSIS, and sensitivity analysis, I develop a novel and 

practical method to measure and manage sustainability performance in supply chains. 

The results of this dissertation have been published in four articles, for which the data 

was gathered through several sources. The results show (i) the state of the art of 

sustainability performance measurement approaches; (ii) the proposed conceptual 

framework explains new relationships between sustainability performance measurement 

components and stakeholders; (iii) the effect of social and environmental supply practices 

on firm performance; and (iv) sensitivity analysis confirm that the proposed measurement 

approach is practical and generates robust and usable outcomes. The dissertation 

contributes to the literature by providing new insights for scholars, managers, 

policymakers, and other stakeholders regarding environmental and social supply practices 

for achieving sustainable development. 

Keywords: Sustainability, strategic supply chain management, sustainability assessment, 

performance measurement, sustainable supply chain, SSCM 
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1 Introduction 

This chapter presents an overview and a concise background on the research topic and 

rationale of the study, where I identify several research gaps. The second part presents 

the study goal and research questions, then the definition of key terms is given followed 

by the structure of this dissertation.  

1.1 Background 

It has been estimated that ecological resources used by humans require 1.7 Earths (Global 

Footprint Network, 2019) and by 2050, the use of materials including metals, fossils, 

biomass and non-metallic minerals is expected to be doubled (OECD, 2019). Facing such 

issues many countries, international organizations, and companies have started to look 

for alternative ways (e.g., investing in greener technologies) for improving efficiency of 

materials and mitigating their adverse effects on the environment and society, in both 

production and consumption (Zhu and Sarkis, 2004; Abdul-Rashid et al., 2017).  

Almost every activity or process an organization undertakes to make a product or provide 

a service requires the transformation of material and energy inputs that generate some 

positive and negative outcomes. In the current globalized economy, material and energy 

inputs and outputs are sourced from and distributed to numerous countries and continents 

via long and complicated networks. Such networks usually are called supply chains (SCs), 

which according to Christopher (2011) can be defined as “a network of organizations that 

are involved, through upstream and downstream linkages, in the different processes and 

activities that produce value in the form of products and services delivered to the ultimate 

customer”.  

While conventional supply chain management (SCM)—the process of planning, 

implementing, and controlling material and information flows up and down, implies a 

linear relationship of flows, integrating environmental and social aspects requires SC to 

be more circular and nonlinear (Sarkis and Dou, 2017, p. 6). This is often named as 

“closing the loop” or “closed loop supply chain (CLSC)” and is considered as an 

important element that impacts firm performance (Sroufe, 2003; Nikolaou, Evangelinos 

and Allan, 2013) and is necessary for achieving sustainable development goals (SDGs) 

(e.g., SDGs 11, 12 and 14) (Visser, 2018).  

The term sustainable development emerged from the report entitled Our Common Future, 

published in 1987 by the United Nations (UN) World Commission on Environment and 

Development. Sustainable development is usually defined as “a development which meets 
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the needs of the present generation without compromising the ability of future generations 

to meet their needs” (WCED, 1987). Later Elkington (1998) highlighted that 

sustainability should include three dimensions or pillars, namely, environmental, social, 

and economic aspects. Another frequent concept used to describe sustainability is the 

Triple Bottom Line (TBL or 3BL), where each aspect is associated with respective 

capital: environmental (profit), social (people), and economic (growth and 

competitiveness).  

The integration of environmental concerns in SCM is usually described by the concept of  

Green Supply Chain Management (GSCM) (Srivastava, 2007). Whereas the integration 

of both environmental and social dimensions in SCM is called Sustainable Supply Chain 

Management (SSCM) (Seuring and Müller, 2008). In this dissertation, I focus on SSCM 

literature as by definition it is a wider concept and it includes the GSCM literature, 

literature dealing with integration of social concerns in SC (Carter and Jennings, 2002; 

Pullman, Maloni and Carter, 2009), and the CLSC literature (Govindan, Soleimani and 

Kannan, 2015).   

Lambert and Cooper (2000) and Christopher (2011) argue that the competition has shifted 

from company to SC level. But SCs are getting more complex and so are their 

performance measurement and management. Such complexity hardens the strategic 

management that aims to explain the variations in performance (Madsen and Walker, 

2016). In other words, SCs are essential to gain competitive advantages (Li et al., 2006). 

The importance of measuring and managing SC performance is evident, by allowing 

deployment of strategies without excluding partnering firms and helping the chain to 

attain its goals (Paulraj, 2011). 

While performance measurement and management play a critical role in permitting 

control and providing a communication mechanism to translate mission and strategy into 

smart objectives (Magretta, 2012), achieving sustainability requires the participation of 

each SC firm (Seuring and Müller, 2008). This means assessing social and environmental 

performance across the SC (Cuthbertson and Piotrowicz, 2011). However, measuring 

sustainability is challenging (Hassini, Surti and Searcy, 2012) and is a field in transition 

(Sroufe and Melnyk, 2019), moving from conceptual to empirical research (Piotrowicz 

and Cuthbertson, 2015). 

There is considerable research dealing with a wide variety of theoretical and practical 

problems and solutions arising from the environmental and social integration concerns in 

SCM (Seuring and Müller, 2008; Huang, Huang and Yang, 2017). But SC sustainability 

performance measurement received less attention (Erol, Sencer and Sari, 2011) and 

relevant measurement tools or methods are not well-developed (Schöggl, Fritz and 
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Baumgartner, 2016). Many studies have also revealed that the integration of social aspect 

of sustainability is less researched compared to environmental and economic aspects 

(Seuring and Müller, 2008; Dubey et al., 2017). However, the TBL approach requires the 

consideration of all three aspects and the inclusion of all SC partners to successful 

adoption of sustainability (Eltayeb, Zailani and Ramayah, 2011). A similar pattern is 

mirrored in studies dealing with sustainability performance measurement of SCs (Beske-

Janssen, Johnson and Schaltegger, 2015).  

Some of the main indicators used to measure traditional SC performance include costs, 

flexibility, speed, quality, and dependability (Gunasekaran and Kobu, 2007). When 

assessing environmental and social outcomes, such indicators are insufficient and should 

be complemented with other indicators that are able to measure environmental and social 

performance (Taticchi, Tonelli and Pasqualino, 2013). To bridge this gap, many scholars 

have proposed various indicators, especially for GSCM, as identified by Hassini, Surti 

and Searcy (2012) but these indicators are sparsely applied in real case applications 

(Qorri, Mujkić and Kraslawski, 2018). Additionally, the existing SC performance 

measurement methods are insufficient to consider interaction with partners and 

organization’s strategic goals (Beamon, 1999).  

In this dissertation, I focus on the measurement and management of sustainability 

performance in SCs. A simple illustration regarding positioning of this dissertation is 

given in Figure 1. The research problem I investigate is interdisciplinary and integrates at 

least three fields of research: SCM literature, Sustainability literature, and Performance 

measurement and management literature. Overall, this study attempts to provide new 

insights and develop relevant tools that consider environmental, social, and economic 

pillars to measure sustainability performance and facilitate decision-making in strategic, 

tactic, and operational levels. 

 

 

 

 

 

 

Figure 1. Focus of the research. 
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Given the importance of SSCM and the critical role of sustainability performance 

measurement to achieve strategic goals and to reduce (eliminate) waste and pollution, in 

the following I present the rationale of this study, that is, why measuring and managing 

SC sustainability performance is important and which research gaps this dissertation 

addresses.  

1.2 Rationale of the study  

Aligning SC practices with sustainability dimensions is becoming vital to accommodate 

the needs of future generations in an efficient and effective way (Pagell and Wu, 2009). 

Companies (usually manufacturers) that have previously failed to adopt environmental 

and social practices within their company and across their SC are held accountable for 

the behavior of their partners (e.g., suppliers) (Esfahbodi et al., 2017). For example, 

carmakers including VW, BMW, and Vauxall are held responsible for their suppliers, 

which illegally used child labor and debt bondage in Indian mines (Bengsten and Kelly, 

2016). Such issues could probably have been detected and addressed much earlier if these 

companies had more visibility into activities of their suppliers (Sroufe and Melnyk, 2019). 

As highlighted by Carter and Rogers (2008), transparency is an important element of 

SSCM, but increasing the level of transparency requires measuring sustainability of 

practices and activities within the company and across partnering firms (Beske-Janssen, 

Johnson and Schaltegger, 2015).    

Another aspect that motivates this study is linked to the lack of dedicated research on 

measurement tools and methods (Hervani, Helms and Sarkis, 2005; Taticchi et al., 2015; 

Schöggl, Fritz and Baumgartner, 2016). This is different from studies focused on 

sustainability metrics (Ahi and Searcy, 2015; Tajbakhsh and Hassini, 2015b). Although 

both measurement approaches and metrics are integrative and crucial elements of a 

performance measurement system, in this study, I research how to integrate or combine 

indicators into measurement methods rather than developing new metrics. The 

importance and the need for developing new methods to aggregate various sustainability 

indicators for assessing SC performance have been highlighted also by many researchers 

(e.g., Schaltegger and Burritt, 2014; Beske-Janssen, Johnson and Schaltegger, 2015; 

Büyüközkan and Karabulut, 2018). It is evident from the literature that there are numerous 

environmental and social indicators proposed (for a review see Ahi and Searcy (2015)), 

but it is unclear when and how to combine (aggregate) them for measuring sustainability 

performance of SCs (Gopal and Thakkar, 2012; Pavláková Dočekalová et al., 2017).  

A large stream of SSCM literature deals with the performance outcomes resulting from 

the implementation of environmental and social practices across the SC (González-Benito 
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and González-Benito, 2005; Green et al., 2012; Wolf, 2014; Mani et al., 2016). However, 

the results are mixed and contradictory, with many studies reporting positive (e.g., Rao 

and Holt, 2005; Yang et al., 2013) and negative (e.g., Richey et al., 2005; Large and 

Thomsen, 2011) correlations. Additionally, almost every study has considered only a 

limited number of SSCM practices or types of firm performance. Consequently, such 

results make managers and scholars confused about the impact of SSCM practices on 

firm performance (Golicic and Smith, 2013). To add clarity to such an important 

association, I meta-analytically synthesized existing empirical evidence and try to provide 

a generalizable resolution.  

In sum, companies are increasingly scrutinized to implement environmental and social 

concerns within their activities and across their SCs but without well-developed 

sustainability performance measurement systems, the management and the transition 

towards sustainable development proved to be challenging (Roca and Searcy, 2012). It is 

obvious from the literature that assessing (economic) performance in SCs is difficult 

(Beamon, 1999; Gunasekaran and Kobu, 2007) but adding environmental and social 

indicators complicated the performance measurement system in many aspects (Varsei et 

al., 2014; Santiteerakul et al., 2015). For example, it is difficult to attribute performance 

to particular SSCM practices (e.g., eco-design, green supplier selection) given numerous 

interdependencies between them (Matos and Hall, 2007) and sustainability dimensions 

(Chardine-Baumann and Botta-Genoulaz, 2014).  

Additionally, the lack of systematic and integrated sustainability performance 

measurement methods hinders the successful deployment of sustainability strategies and 

practices (Ahi, Jaber and Searcy, 2016; Laosirihongthong et al., 2020). To narrow the 

research gaps listed above, in the following section, I present the aim of this dissertation 

and the research questions addressed.  

1.3 Purpose of the study  

Sustainability performance measurement in SC is complex (Sloan, 2010). Measurement 

tools and methods are little developed and neither all three sustainability dimensions nor 

all SC partners have been considered (Schaltegger and Burritt, 2014). To address this 

complexity and bridge above listed gaps, this study focuses on the following:     

The goal of this dissertation is to explore, analyze and develop approaches for 

measuring and managing sustainability performance of supply chains. 
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1.3.1 Research questions 

To fulfil the purpose of this study, I have broken down into three research questions as 

follows:  

RQ1. What methods and tools can be used to assess sustainability performance 

of supply chains? 

 

RQ2. How can a performance measurement system be developed to evaluate 

environmental, social, and economic aspects across partnering firms? 

 

RQ3. What is the impact of environmental and social supply chain practices on 

firm performance, and when such impact is stronger? 

 

This research contributes to such issues by (i) providing state of the art of sustainability 

measurement methods and tools, (ii) developing a comprehensive method for measuring 

sustainability performance across SC, and (iii) generalizing the effect of SSCM practices 

on firm’s sustainability performance. Subsequently, I present the definitions of main 

concepts used in this study. 

1.4 Definition of the key concepts 

Table 1 lists the main terms and their definitions used in this study. The terms are mostly 

arranged following the order used in the dissertation. More details are given in relevant 

sections when they appear.  

Table 1. Definition of key concepts. 

Terminology  Definition Reference 

Supply chain 

management 

(SCM) 

“a systemic, strategic coordination of the traditional 

business functions and the tactics across these business 

functions within a particular company and across 

businesses within the supply chain, for the purposes of 

improving the long-term performance of the individual 

companies and the supply chain as a whole” 

(Mentzer et 

al., 2001) 

Green Supply 

Chain 

Management 

(SSCM) 

“Integrating environmental thinking into supply chain 

management, including product design, material sourcing 

and selection, manufacturing process, delivery of the 

final product to the consumers as well as end-of-life 

management of the product after its useful life” 

(Srivastava, 

2007) 
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Sustainable 

Supply Chain 

Management 

(SSCM) 

“The creation of coordinated supply chains through the 

voluntary integration of economic, environmental, and 

social considerations with key inter-organizational 

business systems designed to efficiently and effectively 

manage the material, information, and capital flows 

associated with the procurement, production, and 

distribution of products or services in order to meet 

stakeholder requirements and improve the profitability, 

competitiveness, and resilience of the organization over 

the short- and long-term” 

(Ahi and 

Searcy, 2013) 

Performance “achievement of results ensuring the delivery of desirable 

outcomes for a firm’s stakeholders” 

(Atkinson, 

2012) 

Performance 

measurement 

“the process of quantifying the efficiency and the 

effectiveness of action” 

(Neely, 

Gregory and 

Platts, 1995) 

Performance 

management 

“performance management is using performance 

measurement information to focus on what is important, 

manage the organization more effectively and efficiently 

and promote continuous improvement and learning” 

(Atkinson, 

2012) 

1.5 Structure of the study  

This dissertation consists of two parts. Part one provides an overview of the research and 

is divided into five chapters. The first chapter presents the motivation behind the study, 

the research goal and questions, followed by definitions of key terms. The second chapter 

discusses the theoretical framework and briefly reviews the relevant performance 

measurement literature and SSCM studies. The third chapter describes the research 

methodology, methods selected, data collected, and discusses the quality of research. The 

fourth chapter presents a summary of publications included in this dissertation. The last 

chapter discusses the relevance of findings to theory and practice, notes the study 

limitations, and describes future research recommendations.  

Part two of the dissertation presents individual publications that address research 

questions posed in this dissertation. 

To further clarify the relation between chapters, research questions, and publications, 

Table 2 illustrates the interplay between these elements.  
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Table 2. Relation between Chapters, research questions, and publications. 

PART I 

Overview of the study 

Chapters 
1.Introduction; 2. Literature review; 3. Methodology; 4. Summary of 

publications; 5. Discussion and Conclusion. 

Research  

Questions 

RQ1: What methods 

and tools can be used 

to assess 

sustainability 

performance of 

supply chains? 

RQ2: How can a 

performance measurement 

system be developed to 

evaluate environmental, 

social, and economic 

aspects across partnering 

firms? 

RQ3: What is the impact 

of environmental and 

social supply chain 

practices on firm 

performance, and when 

such impact is stronger? 

Publication I ✔ ✔  

Publication II   ✔ 

Publication III  ✔ ✔ 

Publication IV ✔ ✔  

 ✔ = contributes to the research question. 

 

PART II 

Individual publications 
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2 Theoretical framework 

This chapter provides a concise overview of SSCM literature and sustainability 

performance research. A discussion of SSCM practices and a review of studies dealing 

with measuring sustainability performance in SC is also given. The chapter ends with the 

conceptual framework developed in this dissertation.  

2.1 Green and sustainable supply chain management 

In 2010, the Apple cooperation faced harsh criticism about the poor workplace conditions 

and low wages provided by Foxconn—the Chinese manufacturer where iPhone is made 

(Merchant, 2017). Numerous other similar sustainability incidents or scandals (e.g., the 

example given in the Introduction about BMW and VW; Tesco’s horse-burgers; Unsafe 

For Children: Mattel's Toy Recall, etc.) show that the focal company is often held 

responsible by non-governmental organizations (NGOs), media and experts for 

unsustainable practices of companies involved in their SCs. This highlights the 

importance of integrating environmental and social practices in the extended SC. In 

SSCM literature, usually, this is emphasised by stating that an organization is no more 

sustainable than its SC (Gualandris and Kalchschmidt, 2016).  

Such problems could have probably been prevented if the focal companies had greater 

visibility and transparency concerning both the environmental and social practices 

followed by their SC partners. Transparency and visibility directly rely on the ability of 

the firm to trace and measure sustainability performance beyond firm boundaries (Beske-

Janssen, Johnson and Schaltegger, 2015). However, sustainability performance 

measurement across firms is difficult and relevant methods and tools are still not well-

developed (Taticchi et al., 2015; Qorri, Mujkić and Kraslawski, 2018). 

Before 2008, the research focused primarily on the integration of environmental and 

economic factors on the SC (Seuring and Müller, 2008). This is named as GSCM 

(Srivastava, 2007). As more research on GSCM is conducted, a growing number of 

authors started to consider also the social factors besides economic and environmental 

factors (Varsei et al., 2014), and renamed the field of study as SSCM. The objective of 

SSCM is to integrate sustainable development into SCM (firm strategy and practices) 

(Carter and Rogers, 2008). The SSCM literature studies the alternative approaches that 

would allow developing, protecting, and increasing long-term social, environmental, and 

economic value for all stakeholders involved throughout the lifecycles of goods and 

services (Ahi and Searcy, 2013).  Thus, SSCM should be a joint effort of all SC members 

and not only the job of the focal organization (Vachon and Klassen, 2006). 
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Considerable research conducted in SSCM literature follows the focal firm’s perspective 

and has placed environmental and social interests after economic interests (Seuring and 

Müller, 2008; Wicher, Zapletal and Lenort, 2019). An alternative approach, named the 

ecologically dominant logic, is suggested by Montabon, Pagell and Wu, (2016) who puts 

environmental and social interests before economic interests. Recently, a growing number 

of studies adopted this integrative TBL approach (Abdul-Rashid et al., 2017; Paulraj, 

Chen and Blome, 2017). A similar pattern is also mirrored in corporate agendas. While 

earlier companies used to adopt a reactive sustainability approach that focuses on 

compliance with laws, recently a growing number of firms are adopting a proactive 

sustainability approach where environmental and social practices are managed with SC 

partners to gain or maintain competitive advantages (Ateş et al., 2012; Madsen and 

Walker, 2016). 

At its core SSCM covers the entire life-cycle of the product or service (Schöggl, Fritz and 

Baumgartner, 2016). Both upstream practices related to material sourcing activities and 

downstream practices related to transportation, distribution, consumption, return and 

disposal, have a huge impact on a company’s sustainability performance (Sarkis, 2012). 

Integrating the TBL approach across such functions requires collaboration and 

coordination with SC members (Paulraj, 2011; Nematollahi et al., 2018). In practice, the 

process of working together with SC partners to achieve sustainability requires tackling 

(i) environmental factors such as water, air, land, and other natural resources; (ii) social 

factors including equal treatment of all workers, respecting human rights and labour 

standards; and (iii) economic indicators relating to financial performance and 

competitiveness (Zhu, Sarkis and Lai, 2012).  

The SC play a critical role in achieving SDGs (Sarkis, 2019). This role can be either 

positive or negative through for instance suppliers and materials selection, product and 

process design, modal and carrier selection, and packaging choices. Such important 

decisions rely on information generated by a performance measurement system that 

should process (incomplete) TBL data for all SC partners. This is in line with Carter and 

Easton (2011) who highlighted that SSCM promotes measuring sustainability 

performance.  

The SSCM literature includes also reverse SCs research that examines various issues 

concerned with products that reached the end of their lifecycles, or those returned by 

consumers. The goal of reverse activities is to extract the remaining value of products for 

decreasing the consumption of natural resources by closing the loop (Richey et al., 2005; 

Abdullah and Yaakub, 2014). This is achieved through refurbishing, recycling, reusing, 

remanufacturing, and other similar activities. Thus, CLSCs are important and can 
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improve economic, social, and environmental performance (Govindan, Soleimani and 

Kannan, 2015).  

While exploring social sustainability measures relevant to SCM, Hutchins and Sutherland 

(2008) note that the term corporate social responsibility (CSR) is often used as a synonym 

of ‘social responsibility’. In the SC context, CSR can be understood as a “chain wide 

consideration of, and response to, issues beyond the narrow economic, technical and 

legal requirements of the supply chain to accomplish social (and environmental) benefits 

along with the traditional economic gains, which every member in that supply chain 

seeks” (Spence and Bourlakis, 2009). In a similar fashion, several authors studying how 

to integrate social sustainability in SCM used the concept of CSR (Balkau and 

Sonnemann, 2010; Aʇan et al., 2016). For example, Nikolaou, Evangelinos and Allan 

(2013) proposed a performance framework using CSR principles in reverse logistics, 

whereas Aʇan et al. (2016) investigated the correlations between CSR, environmental 

supplier development, and firm performance. 

In sum, integrating the TBL approach in SCM requires adopting SC strategy and 

practices. This integration is complex and requires the involvement and commitment of 

all SC partners. When exploring such integration, most authors focused on inter-firm 

(cross-organizational) practices. These practices are (usually) called GSCM/SSCM 

practices and are briefly discussed subsequently. 

2.1.1 Sustainable supply chain management practices 

Sustainability can be integrated into various ways among SC partners. The development 

and adoption of the sustainability strategy depend on at least three broad settings:  

(i) external— country legal, economic, industrial, technological factors, etc.  

(ii) internal—firm characteristics (e.g., size, type of operations) and the relative 

importance environmental, social, and economic dimensions have in the eyes 

of the company (self-interest in sustainability) and its stakeholders and  

(iii) the focal firm — the importance of sustainability dimensions in the eyes of 

focal company, and its potential to influence SC partners to implement 

sustainability practices.  

Accordingly, SSCM practices (as mechanisms that enable the integration of 

sustainability) can be and are categorized in various ways by different authors. The lack 

of a comprehensive framework for SSCM practices has been mentioned also by several 

authors (e.g., Laosirihongthong, Adebanjo and Choon Tan, 2013). By definition, SSCM 

practices include cross-functional activities and inter-firm practices to meet stakeholder 
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requirements over the short- and long-term (Ahi and Searcy, 2013). The majority of 

research categorized GSCM/SSCM practices into three broad groups:  

(i) Zhu and Sarkis (2004) proposed this categorization: Eco Design, Green 

Purchasing, Cooperation with Customers, Internal Environmental 

Management, and Investment Recovery. 

(ii) Rao and Holt (2005) and De Giovanni (2012) suggested categorizing SSCM 

into Inbound (Internal) and Outbound (External) practices. 

(iii) Vachon and Klassen (2006) and Tachizawa, Gimenez and Sierra (2015) 

proposed to categorize Monitoring-based and Collaboration-based practices. 

There are also other frameworks proposed (e.g., Srivastava, 2007) but they usually can 

be fitted among these ones. In this dissertation, we complemented the first categorization 

with other practices including Sustainable Manufacturing (Mitra and Datta, 2014; Abdul-

Rashid et al., 2017), Sustainable Distribution and Packaging (Awasthi, Chauhan and 

Omrani, 2011; Lee and Wu, 2014), Reverse Logistics (Gorane and Kant, 2017), Socially 

Inclusive Practices for Employees and Socially Inclusive Practices for Community (Mani 

et al., 2016; Das, 2017). More details about these practices are given in Table 3. 

The above categorization was chosen for mainly three reasons: (i) they capture key 

practices in SCM (Green et al., 2012); (ii) these practices and their scales are among the 

most applied by researchers; and (iii) these practices help to achieve competitive 

advantages by meeting the casual ambiguity and social complexity properties of strategic 

resources (Vachon and Klassen, 2006; Kirchoff, Tate and Mollenkopf, 2016).  

Table 3. Description of sustainable supply chain management practices.  

Practice Description References 

Internal 

Sustainable 

Management 

Refers to strategies, processes and 

procedures supporting intra-organizational 

environmental and social objectives. 

(Zhu and Sarkis, 2007; Abdul-

Rashid et al., 2017; Vanalle et 

al., 2017) 

Sustainable 

Purchasing 

Reflects the importance of cooperating with 

suppliers for the purpose of developing 

products that are environmentally and 

socially sustainable. 

(Govindan, Khodaverdi and 

Jafarian, 2013; Tachizawa, 

Gimenez and Sierra, 2015; 

Vanalle et al., 2017) 

Sustainable 

Product 

Design 

The design of products with environmental 

and social objectives and impacts in mind 

during their entire lifecycle. 

(Eltayeb, Zailani and 

Ramayah, 2011; Chaturvedi et 

al., 2017; Ding, 2018) 

Sustainable 

Production 

All activities implemented requiring less 

energy and resource usage and minimizing 

environmental impacts in manufacturing 

processes. 

(Li and Hamblin, 2016; Abdul-

Rashid et al., 2017; Esfahbodi 

et al., 2017) 
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Usually, SSCM practices are studied in relation to performance implications (Paulraj, 

Chen and Blome, 2017). Subsequently, I discuss the significance and dimensions of 

sustainability performance.  

2.1.2 Sustainability performance 

The importance of managing and measuring performance is given by the old axiom, 

“what gets measured, gets managed”. Following this logic, many organizations are 

reporting their performance including some environmental and social coverage. 

According to Sroufe and Melnyk (2019) there are at least two critical factors behind 

measuring and monitoring sustainability. The first factor is related to the changes in 

market demand and customer base (increasingly consumers want to know more about the 

product lifecycle and its impact on the environment and society). The second factor is 

related to the advent of new technologies such as the Internet of Things and Blockchain 

technologies (they help in the provision of visibility and transparency required by 

companies and stakeholders interested in sustainability of SCs). 

By definition of the TBL approach, there are three dimensions (environmental, social, 

and economic) that should be considered when measuring sustainability performance. 

Sustainable 

Packaging 

and  

Distribution 

Any means of transportation from suppliers 

to manufacturers to final customers with 

the purpose of having minimal harmful 

impacts and packaging usage. 

(Eltayeb, Zailani and 

Ramayah, 2011; Nematollahi 

et al., 2018; Çankaya and 

Sezen, 2019) 

Customer 

Sustainable 

Cooperation 

Working with customers to better 

understand and integrate their sustainability 

perspectives and assuring high-quality 

products.  

(Esfahbodi et al., 2017; Zahiri, 

Zhuang and Mohammadi, 

2017; Çankaya and Sezen, 

2019) 

Reverse 

Logistics 

Include activities that aim taking products 

back or materials from consumers to 

manufacturers for the purposes of reuse, 

refurbishing or recycling. 

(Sroufe, 2003; Rao and Holt, 

2005; Eltayeb, Zailani and 

Ramayah, 2011; Viegas et al., 

2019) 

Investment 

Recovery 

Reflects the importance of capturing value 

through resell and reuse of used materials. 

(De Giovanni, 2012; Viegas et 

al., 2019) 

Social 

Practices for 

Employees 

Firm’s efforts to induce socially 

responsible behaviour in its own operations 

and the operations of its partners. 

(Mani et al., 2016; Das, 2017; 

Aras, Tezcan and Kutlu 

Furtuna, 2018) 

Social 

practices for 

community 

Firm’s investments in the surrounding 

community in terms of generation of 

employment and business opportunities, 

providing education, training, healthcare 

facilities, etc. 

(Xie and Breen, 2012; Mani et 

al., 2016; Das, 2017; Milanesi, 

Runfola and Guercini, 2020) 

Source: Modified from Qorri, Gashi and Kraslawski (2021). 
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Environmental performance is measured by several indicators related to materials, natural 

resources (e.g., water, air, land) and energy (Santiteerakul et al., 2015). Social 

performance is measured using metrics related to health and safety, human rights, ethics, 

and labour practices (Yawar and Seuring, 2017). The economic dimension is measured 

using financial and non-financial indicators (Taticchi, Tonelli and Pasqualino, 2013).  

Several authors divided further economic performance into financial and operational 

indicators (e.g., quality, efficiency, and flexibility) (Christmann, 2000; Rao and Holt, 

2005; Das, 2017). In this dissertation in two publications, I follow the TBL approach and 

in two other publications, I consider also the operational dimension. The operational 

dimension is important when examining the impact of SSCM practices on firm 

performance (Hollos, Blome and Foerstl, 2012). Furthermore, among sustainability 

dimensions, the measurement of social sustainability in SC is more difficult due to the 

fact that some indicators are hard to be quantified (Hassini, Surti and Searcy, 2012).  

Given that the aim of this dissertation is to study sustainability measurement process 

(How measurement should be carried?) and not specific metrics, I restrain myself from a 

detailed discussion covering that topic. However, I want to highlight that I have mostly 

followed the structure and used indicators proposed by Global Reproting Initiative (GRI), 

which are broadly used by many scholars and consider all three sustainability aspects.  

2.1.3 Sustainable supply practices and firm performance  

To explain the relationships between SSCM practices and firm performance, scholars 

usually used the lens of resources-based theories (Sarkis, 2012). According to resources-

based theory (RBV) the company can create competitive advantages by owing strategic 

resources, which are “valuable, rare, inimitable and non-substitutable” (Barney, 1991). 

Resources include both tangible (equipment, capital assets, technology) and intangible 

(knowledge-based) components. In the sustainability literature, it has been argued that 

natural resources are rare and valuable. Connecting RBV with natural resources, Hart 

(1995) proposed the natural resource-based view (NRBV) of the firm that is used to 

explain the link between SSCM practices and firm performance. Hart proposes three 

strategies (minimization/elimination of pollution, lifecycle or “cradle to grave” product 

or service perspective, minimization of environmental impacts) that can be used to gain 

competitive advantages.  

SSCM practices expand beyond firm boundaries and thus the above theories focused on 

firm-specificity could not be used to explain relationships that span across SC partners. 

Addressing this issue, scholars used the relational view (Dyer and Singh, 1998). 

According to this theory, strategic capabilities can be developed beyond firm boundaries 
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by combining resources across SC partners. These theories are used in many studies 

(Vachon and Klassen, 2006; Paulraj, Chen and Blome, 2017). Thus, combining these 

theories as many authors, I explain the links between SSCM practices and firm 

performance in Publications II and III included in this dissertation. 

The impact of SSCM practices on firm performance is among the most studied and 

debated topic in the SSCM literature. Yet the results are mixed and inconsistent, making 

it harder for managers to know what practices would be beneficial to be implemented 

(Golicic and Smith, 2013). While the environmental and/or social SC practices are 

expected to improve environmental/social performance, their effect on the economic 

performance might be negative (Laari et al., 2016). For example, De Giovanni (2012) 

report negative and insignificant correlations between external and internal SC practices 

with economic performance, respectively. The author also found an insignificant effect 

of external SC practices on social performance. Similar results are reported also by Wang 

and Sarkis (2013) who found a negative effect on economic performance if only 

environmental SCM or social SCM practices are adopted separately. However, they also 

found a positive effect on economic performance from SSCM (adopting jointly 

environmental and social) practices. 

Developing and implementing SSCM practices require the investment of resources that 

might increase costs over the short-term (Pagell and Wu, 2009) but may mitigate risks 

related to environmental and social aspects (Shafiq et al., 2017). This is confirmed by 

many studies that report positive links between environmental SCM practices and firm 

performance (Zhu and Sarkis, 2004; Rao and Holt, 2005; Green et al., 2012). However, 

Kim and Rhee (2012) found negative relationships between GSCM practices and 

financial performance, but positive effects on non-financial performance. Other authors  

(e.g., Hollos, Blome and Foerstl, 2012) found a positive effect of green practices on both 

economic and operational performance, but insignificant improvement of economic and 

operational performance from the implementation of social SCM practices. While Zailani 

et al. (2012) reported a negative effect on environmental performance by implementing 

green purchasing practices, many other studies found a positive effect (Gimenez and 

Sierra, 2013; Esfahbodi, Zhang and Watson, 2016). Similarly mixed effects on firm’s 

sustainability performance are also found for other SSCM practices including sustainable 

design, cooperation with consumers, reverse logistics, and manufacturing practices. 

Overall, even a cursory scan of literature shows a large body of studies that found positive, 

negative, or insignificant relationships between environmental and social SCM practices 

on different firm’s sustainability performance. In an attempt to reconcile such conflicting 

results and provide answer to the third research question of this dissertation, I use meta-
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analysis method which is suitable to resolve and provide generalizability of prior mixed 

relationships (Lipsey and Wilson, 2001; Aguinis, Gottfredson and Wright, 2011). In the 

following section, I discuss the sustainability performance measurement in SCs. 

2.2 Measuring and managing sustainability performance in supply 

chains 

Performance measurement is essential to provide information that reveals progress, 

diagnose problems, enhance communication, and provides critical feedback in the 

decision-making process (Chan et al., 2003). In the SC context, successful performance 

measurement should take a holistic system perspective beyond firm boundaries. Although 

there is a considerable stream of studies dealing with traditional (economic) performance 

measurement in SCM (Beamon, 1999; Neely, Adams and Kennerley, 2002; Chan et al., 

2003; Gunasekaran and Kobu, 2007), the literature dealing with measurement of 

environmental and social aspects in SCM is not well developed (Taticchi, Tonelli and 

Pasqualino, 2013; Piotrowicz and Cuthbertson, 2015). 

The performance measurement in SCM is hampered by many factors including lack of 

connection with strategy, lack of system thinking and loss of SC context, and lack of 

standardized measures across the SC (Wong and Wong, 2008; Gopal and Thakkar, 2012). 

While overcoming these challenges is not a trivial issue, a sustainable SC should perform 

well on traditional measures (e.g., quality, costs) and on the social and environmental 

dimensions (Linton, Klassen and Jaraman, 2007). A successful performance 

measurement system facilitates the translation of strategies into measurable goals and 

actions and allows monitoring and analysing the progress regularly (Björklund, Martinsen 

and Abrahamsson, 2012).  

The relationship between performance measurement and management is stressed by 

several authors. According to Bititci et al. (2011) performance management is a process 

that uses information generated by performance measurement to guide decision-makers 

aiming to connect strategy with daily operations. A similar argument is given by Atkinson 

(2012) who highlighted that performance management is a company-wide shared vision 

and performance measurement should be dynamic, flexible, and credible to support that 

vision. Furthermore, Grosvold, Hoejmose and Roehrich (2014) argue that a sustainable 

SC can be seen as a combination of three components: management, measurement, and 

performance. SC management and SC measurement influence on each-other in a circular 

relationship, and in turn both impact SC sustainability performance. Thus, a properly 

aligned sustainability performance measurement system in the SCM can help in 
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developing collaborative inter-firm practices and processes that would allow a better 

understanding of SC goals and an enhancement of relationships across partnering firms.  

It has been noticed that some companies provide lip service to integrate sustainable 

practices into their SC operations, suggesting a huge discrepancy between what 

practitioners say (theory) and do (practice) in reality (Walker and Jones, 2012; Taticchi 

et al., 2015). This might be because adopting sustainability across SC proved to be 

challenging (Morali and Searcy, 2013) and partly because many firms don’t know what 

to measure and how to measure their sustainability impacts (Beske-Janssen, Johnson and 

Schaltegger, 2015). Indeed the lack of measurement methods and tools is confirmed by 

many reviews focused on sustainability performance measurement of SCs (Taticchi et al., 

2015; Schöggl, Fritz and Baumgartner, 2016; Qorri, Mujkić and Kraslawski, 2018). 

However, as it was argued by several authors (Hervani, Helms and Sarkis, 2005; 

Maestrini et al., 2017) measuring performance is difficult inside a single company, but 

when extending to the SC level it becomes highly complex (Sloan, 2010). 

Improving competitive advantages requires measuring and managing sustainability 

across SCs (Qorri, Mujkić and Kraslawski, 2018). While performance metrics and 

measurement methods or tools are crucial components of the SC performance 

measurement system, the relevant SSCM literature is mostly focused on the first 

component. This is echoed by the review of Ahi and Searcy (2015) who identified over 

2500 unique metrics, but how to aggregate or combine these metrics (By which 

method/tool?) into key performance indicators (KPIs) and to build a performance 

measurement system is rarely considered and thus it is unclear (Beske-Janssen, Johnson 

and Schaltegger, 2015; Büyüközkan and Karabulut, 2018). The KPIs assist in keeping 

managers and workers focused on core issues (Bai and Sarkis, 2014). KPIs should be 

arranged and generated by the performance measurement system to support (and control) 

managers in decision-making and to communicate SC sustainability performance to other 

stakeholders.  

Another important aspect to highlight before discussing sustainability measurement 

methods or tools is related to the multidimensionality of both sustainability concept and 

SCM concept. First, a vast amount of data and information is required to be collected and 

processed to measure environmental, social, and economic dimensions of sustainability. 

In addition, each dimension incorporates several aspects (e.g., environmental dimension 

covers aspects of air, water, land etc.), which in turn are measured through many various 

metrics. A visual representation of such a nested view of sustainability is best given by 

GRI (2010). Second, by definition, SC is “a set of three or more entities (organizations 

or individuals)…” (Mentzer et al., 2001), that is, a complex structure of flows and 
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relationships between SC members and their activities. Thus, when developing a 

performance measurement system, one should consider all these issues and usually in 

literature such complexity is presented by a hierarchical model. Some authors have also 

argued that sustainability assessment can be seen as multi-criteria decision-making 

(MCDM) problem (Diaz-Balteiro, González-Pachón and Romero, 2017). Overall, the 

idea is how to propose solutions for combining such complex sets of performance data in 

manageable quantitative or qualitative KPIs. Sustainability measurement methods and 

tools are used to generate such KPIs, and I briefly review them in the following section. 

2.2.1 Methods for assessing sustainability in supply chains 

As Beske-Janssen, Schaltegger and Liedke (2019) note the majority of articles dealing 

with sustainability performance measurement in SCs either do not consider at all or say 

little about specific measurement methods or tools. A small set of studies that suggest 

sustainability performance measurement approaches, methods or systems are indeed very 

different from each-other. The variety of approaches proposed spans from conceptual 

frameworks (Hassini, Surti and Searcy, 2012) to instruments such as Life cycle 

assessment (Hutchins and Sutherland, 2008) to modification of existing tools including 

balanced scorecard (Thanki and Thakkar, 2018) and Supply Chain Operations Reference 

(Bai et al., 2012). 

While another set of studies utilizes the MCDM techniques (Büyüközkan and Çifçi, 2012; 

Tajbakhsh and Hassini, 2015a), few others authors use also fuzzy set logic (Erol, Sencer 

and Sari, 2011; Uygun and Dede, 2016) to rank and aggregate sustainability metrics. A 

slightly different approach is also considered by using different standards and 

certifications such as International Organization for Standardization (ISO) 26000 (social 

responsibility), ISO 14032 (Environmental performance evaluation) (Nawrocka, Brorson 

and Lindhqvist, 2009). Other frameworks proposed by practitioners such as the Carbon 

Disclosure Project, GRI, and the International Federation of Accountants are sometimes 

used to measure sustainability performance (Taticchi, Tonelli and Pasqualino, 2013). 

The use of such different tools or methods to measure sustainability of SCs, indicates the 

lack of a comprehensive and practical method or tool, which has been confirmed by 

several reviews (Sloan, 2010; Beske-Janssen, Johnson and Schaltegger, 2015; Qorri, 

Mujkić and Kraslawski, 2018). Additionally, the above mentioned tools have been 

criticized for not including all sustainability dimensions, for partly considering SC 

members (mainly the measurement is done between manufacturers and suppliers), most 

of them are developed to measure performance within the company and not across SC, 

most of them are also static by design and can process only quantitative data (but 
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sustainability performance should also be measured by incomplete and qualitative data) 

(Piotrowicz and Cuthbertson, 2015; Tajbakhsh and Hassini, 2015b), and other limitations 

discussed in the previous section. Above all the most important barrier is that the 

generated results from such approaches are not comparable, inconsistent, difficult to be 

used or as Büyüközkan and Karabulut (2018) put such results “fail to talk to each-other”. 

Additionally, market indices including the Dow Jones Sustainability Index and 

FTSE4Good Index, do not capture the complexity and challenges of sustainability 

performance measurement in SCs (Ahi and Searcy, 2015). In spite of the above 

limitations, a sustainability performance measurement in the SC context should provide 

reliable, timely, and accurate information to assist in SC performance management, and 

thus, in this work I have tried to overcome some of the listed drawbacks of prior methods.  

2.3 Conceptual framework of the research 

To facilitate the understanding of information and concepts presented in this chapter, an 

illustrative conceptual framework is given in Figure 2. This framework shows an 

overview of how SSCM practices are conceptualized, which sustainability dimensions 

are considered, and how sustainability performance in SC is measured to achieve the 

purpose of this dissertation.  

 

 

 

 

 

 

 

 

 

Figure 2. Conceptual framework of the research.   
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3 Research methodology 

In this chapter, the research process, methods used, data collection, and data analysis 

adopted are discussed. Research usually is defined as a process that aims to broaden the 

understanding of a phenomenon and “helps us know what’s going on” (Lune and Berg, 

2017). Research design provides an overview of the appropriate research techniques and 

methods for the research problem. The research design should be aligned with the 

objective of the study and show the path through which data sources and analysis 

techniques will be used to generate valid and reliable results. Along with providing a 

coherent contextual framework that guides the choices a researcher makes (Creswell and 

Creswell, 2018), the research approach should also disclose enough information related 

to study outcomes for enhanced understating and to replicate the methodology if needed 

(Grierson and Brearley, 2009). Subsequently, I present the research process employed in 

this work, which I aimed to make it as rigorous and transparent as possible. 

3.1 Research approach 

According to Creswell and Creswell (2018) the research approach represents “the plans 

and procedures for the research that span the steps from broad assumption to detailed 

method of data collection, analysis, and interpretation”. Each research method and 

methodological choice can be supported by different philosophical views (Eriksson and 

Kovalainen, 2008). The most commonly philosophical standpoints of scientific research 

are categorized based on ontology or epistemology fields. While in ontology the study of 

being and the nature of reality are studied (What exists?), the epistemology is concerned 

with knowledge and diverse methods of gaining knowledge (How do we know it exists?) 

(Onwuegbuzie, Johnson and Collins, 2009). Besides, ontology and epistemology, there is 

also another branch of philosophy – axiology that studies the nature of value and 

judgments (What kinds of things have value?) in research (Saunder, Lewis and Thornhill, 

2012).  

Such philosophical standpoints aim to inform and help in choosing the theoretical 

perspectives or research philosophies. According to Crotty (1998), a philosophical 

viewpoint provides knowledge and helps in creating a context for the research, and 

justifies the logic and criteria used. Research philosophies or paradigms involve ways of 

seeing the world and can be defined as “a way of examining social phenomenon from 

which particular understanding can be obtained about the phenomenon” (Saunder, Lewis 

and Thornhill, 2012). Research perspectives or paradigms can be categorized into 

different groups (e.g., positivism, interpretivism, etc.) and are often seen as rivals 

(Shepherd and Challenger, 2013). Each research paradigm is categorized by a set of 
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methods for understanding and examining the research phenomenon (Creswell and 

Creswell, 2018). 

While I recognize the distinction between the logic of justification and research methods 

(Johnson and Onwuegbuzie, 2004), I refrain to enter into ‘paradigm wars’ (Shepherd and 

Challenger, 2013). That is because, although the logic of justification is an important 

element of epistemology, by no means can force the use of any specific research methods 

(Johnson and Onwuegbuzie, 2004; Shepherd and Challenger, 2013). Likewise, following 

the suggestion of  Eisenhardt and Graebner (2007) further philosophical arguments are 

limited in this dissertation to avoid philosophical pitfalls. However, in line with a review 

on paradigm wars (Shepherd and Challenger, 2013), out of four schools of thoughts 

(paradigm incommensurability, paradigm integration, paradigm dissolution, and 

paradigm plurality), I support the arguments of paradigm plurality i.e., by means of 

‘bridging’, ‘bracketing’ and ‘inter-play’, leading to stronger theory grounding.     

To better explain the relations between building blocks of research design, I utilize a 

graphical representation of the research onion presented in Figure 3. The red boxes with 

dashed lines represent where the work done in this dissertation can be placed. The 

outermost circle provides research philosophies, which are given in the summarized form 

in Table 4. 

In this dissertation, I have mainly adopted positivist viewpoint because the aim was to 

measure sustainability performance of SCs and thus the focus is on quantitative findings. 

The positivist paradigm enables the researcher to have more statistical reliance and 

generalisation of findings by testing theories and hypotheses (Publications II and III). 

Positivism views the world as deterministic and real, where theories can be derived to 

examine what can be observed and quantified (Eriksson and Kovalainen, 2008). Utilizing 

post-positivism paradigm (Publications I and IV) that amends positivism by augmenting 

that people are too complicated to explain only through empiricism (Onwuegbuzie, 

Johnson and Collins, 2009; Creswell and Creswell, 2018), highlighting the need for data 

triangulation and validation (Eriksson and Kovalainen, 2008).  

The methodological approach can be categorised in deductive, inductive, and abductive 

research strategies. In deductive reasoning, initially hypotheses are developed from 

existing theory and then tested through empirical data, leading to potential modifications 

of theories in light of obtained results (Saunder, Lewis and Thornhill, 2012). Conversely, 

utilizing an inductive strategy the researcher tries to develop theoretical knowledge 

resulting directly from empirical observations (Eriksson and Kovalainen, 2008). 

Abductive reasoning combines inductive and deductive strategies, and is useful for 

investigating further new relationships by considering other variables (Dubois and Gadde, 
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2002). Publications I and IV can be categorised under the abductive approach, whereas 

the deductive strategy is used in Publications II and III where the goal of these 

publications was to generalize the magnitude and direction of the impact of sustainable 

supply practices on various types of firm’s performance.  

 

Source: modified from Saunder, Lewis and Thornhill (2012). 

Figure 3. Elements of research methodology illustrated as a Research Onion. 

Given that sustainability performance is often expressed by both numerical and verbal 

measures (Qorri, Mujkić and Kraslawski, 2018), it was necessary to utilize several 

qualitative and quantitative methods to achieve the aim of this dissertation. While 

quantitative research is based on empirical data, qualitative research uses non-numeric 

data (e.g., words, images etc.) and thus data collection techniques and data analysis 

procedures are fitted for such purposes (Saunder, Lewis and Thornhill, 2012). 

Consequently, a mixed methodology is utilized across publications in this dissertation. 

Furthermore, in literature it has been argued that research methods are related to 

questions, data collection, data analysis, and interpretation (Creswell and Creswell, 

2018). Before discussing specific methods applied in this work, it is important to 

emphasize that choosing a quantitative, qualitative, or multiple methods research design 
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was based on the problems and research questions of individual publications. Knowing 

that each publication solves a subset or a part of the problem of measuring SC 

sustainability performance, the systems view of the problem solving discussed 

subsequently is also used.  

Table 4. Summary of theoretical perspectives in management research. 

 

Source: Saunder, Lewis and Thornhill (2012) 
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3.1.1 Systems view as a research framework 

A model is usually conceptualized as a simplified representation of the real research 

problem and modelling is often used to study the nature of reality across many fields and 

contexts (Swoyer, 1991). For a given problem (e.g., How to measure sustainability 

performance of SCs?) various models can be developed, and the complexity of them 

usually depends on the researcher's aim and tools available. However, in general, a model 

should strive to represent as good as possible the target system and should include latent 

relations between elements of the system (Bednarikova, 2015). Modelling is vastly 

applied in operation management research aiming to support managers in decision 

making process (Mun, 2012).  

Usefulness and validity are essential criteria to be considered when developing a model. 

In this direction, Mitroff et al., (1974) argued that it is important to study the research 

problem from a holistic perspective and proposed a systemic view of the problem solving, 

presented in Figure 4. The work conducted in this dissertation adopted this systematic 

framework to tackle SC sustainability performance measurement.  

 

Source: Mitroff et al. (1974) 

Figure 4. A systems view of problem solving. 
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Initially, in the first phase (Problem definition), I have reviewed and analyzed the current 

understanding of sustainability performance measurement literature, which yielded 

several important gaps and factors which have not been previously studied. Synthesizing 

findings from the review enabled me to develop a holistic conceptual model (second 

element of the systematic framework) for assessing sustainability performance of value 

chains. The proposed models and the outcomes from the literature review are presented 

in Publications I and II. To demonstrate the applicability of the proposed model in 

Publications I and IV a novel approach (third element) consisting of several methods is 

developed and applied to assess the sustainability performance of SCs (fourth element). 

Similarly, the conceptual model proposed in Publication II has been further developed to 

be more comprehensive and utilized in Publication III. In sum, in this work, the research 

process follows the systems view on measuring sustainability performance to develop 

systematic and comprehensive models and the results and implications are interpreted. 

3.2 Selecting research methods  

As discussed above, the problem of measuring sustainability performance of SCs requires 

a variety of research methods that are apt to deal with qualitative, quantitative, and 

incomplete data. An overview of research methods employed in the publications included 

in this dissertation is presented in Figure 5. From this figure, it is evident that a variety of 

methods are used, and more than one method is applied in each publication. While a 

detailed description for each method is given in the articles, subsequently I only provide 

a concise summary of some of these methods.  

 

 

 

 

 

 

 

 

Figure 5. An overview of methods used in each publication. 
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To better contextualize, identify the research gaps, and position this dissertation in the 

SSCM literature, the systemic literature review method is utilized in Publication I. 

According to Fink (2019) “a systematic, explicit, and reproducible method for 

identifying, evaluating, and synthesizing the existing body of completed and recorded 

work produced by researchers, scholars, and practitioners”. Among other benefits, a 

review study helps in linking current (and future) research with past studies by avoiding 

the duplication of research (Tranfield, Denyer and Smart, 2003). Thus, I started this 

dissertation with a systematic literature review on the tools used to measure sustainability 

performance of SCs. 

Content analysis is a broadly used research technique (Hsieh and Shannon, 2005). The 

purpose of content analysis is “to provide knowledge and understanding of the 

phenomenon under study” (Downe-Wamboldt, 1992). This technique spans beyond 

counting words for the purpose of classifying large amounts of textual information into 

an efficient number of categories with similar meanings (Weber, 1990). In the 

publications included in the dissertation, content analysis is used to categorize content of 

textual and numeric data through a systematic process of coding and identifying patterns. 

Furthermore, in Publications I and III, bibliometric analysis is also used to identify and 

reveal trends, characteristics, and internal research structure of SC sustainability 

performance measurement literature. Bibliometric analysis is commonly used to identify 

core research or authors along with their relationship, by covering a vast number of 

studies related to a given topic or field (De Bellis, 2009). 

Based on the research outcomes from the systematic literature review, a novel conceptual 

model for measuring sustainability performance of SCs is proposed in Publication I. This 

model broadly outlines the main elements of the system (SC) and their interactions. While 

conceptual models are useful for providing an overview for the data collection, they do 

not show the sustainability performance of the targeted system, without combining such 

data into quantifiable and meaningful results through detailed analysis (Büyüközkan and 

Karabulut, 2018). Hence, this conceptual model is developed further and is applied in the 

pharmaceutical sector in Publication IV, which can support the decision-making process 

(e.g., selection of green supplier). 

In the SSCM literature it has been emphasized that sustainability performance is a MCDM 

problem (Diaz-Balteiro, González-Pachón and Romero, 2017) and sustainability 

performance is complex, integrated, nonlinear, and difficult to be assessed (Pavláková 

Dočekalová et al., 2017). Addressing this issue, several studies argued that fuzzy logic 

can help to integrate uncertainty, intangibility and vagueness of data related to 

sustainability metrics (Erol, Sencer and Sari, 2011). In this context, in Publication IV, by 
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combining content analysis, expert’s evaluation, fuzzy Shannon’s Entropy (Shannon, 

1948), and fuzzy Technique for Order Performance by Similarity to Ideal Solution 

(TOPSIS) (Hwang and Yoon, 1981; Chan and Qi, 2003), a novel approach to measure the 

end-to-end SC sustainability performance is proposed. Fuzzy entropy is used to calculate 

objectively weights of sustainability criteria. Fuzzy TOPSIS is utilized to obtain 

sustainability performance scores. Such scores are further investigated using sensitivity 

analysis.  

Sensitivity analysis plays an important role in the decision making by determining the 

impact of potential changes and errors in a decision parameter on the results of the 

underlying model (Phillis and Davis, 2009). Sensitivity analysis is performed to measure 

the influence of criteria weights on the final ranking, using different alpha-cutting levels 

of fuzzy data in the Entropy method. Obtained criteria weights are used to investigate the 

ranking of companies in the fuzzy TOPSIS in Publication IV. Therefore, we believe that 

generated results are robust and can help decision-makers to select the best sustainability 

strategy in the available set of sustainability indicators. 

Besides proposing new sustainability performance measurement methods in Publications 

I and IV, in Publications II and III the aim was to examine the impact of SSCM practices 

on firm’s environmental, social, operational, and economic performance. Meta-analysis 

is a scientific inquiry and theory building method that allows reconciling contradictory 

empirical findings and conceptually comparable results (Hunter and Schmidt, 2004). We 

have chosen to use meta-analysis method rather than other techniques such as Structural 

Equation Modeling or Regression Analysis for the two following main reasons:  

(i) Although in recent years the link between SSCM practices and firm’s 

performance received growing attention, the results from primary studies 

remained mixed and contradictory. 

 

(ii) Due to the relatively small sample size, a single study does not have enough 

power to explain the magnitude of a statistical relationship (Lipsey and Wilson, 

2001). 

Therefore, in such problems described above it has been argued (e.g., Aguinis, 

Gottfredson and Wright, 2011; Foerstl, Franke and Zimmermann, 2016) that a meta-

analysis study is the best available method to make numerical generalizations of existing 

results on a specific topic. In addition to estimating the magnitude and direction of 

correlations between SSCM practices and performance through fixed (and random) 

model of meta-analysis in Publication II (Publication III), it is also performed a moderator 

analysis to study the conditions under which such correlations are stronger.   
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3.3 Data collection, analysis procedure and quality of the research  

Different techniques and sources are used for collecting data in this dissertation. Due to 

the nature of research questions and given that the purpose of the study was to develop a 

method for measuring sustainability performance of SCs and because related 

environmental, social, operational, and economic data for each player are available to 

some degree, only secondary data are used. Secondary data are those data that have been 

collected for other purpose (Creswell and Creswell, 2018). However, such data can be 

utilized in addressing additional knowledge, interpretations, new ideas, frameworks, and 

conclusions (Sturgis, Bulmer and Allum, 2009; Willey et al., 2017).  

In literature, it has been emphasized that the usage of secondary data is increasing 

(Windle, 2010) because technological advances have led to vast amounts of data collected 

and which are accessible to researchers (Doolan and Froelicher, 2009). Some of the 

advantages of secondary data include the breadth and amount of data available, easy 

accessibility, professionally collected, and resource-saving (Dunn et al., 2015). While 

there are various classifications proposed for secondary data by different researchers (e.g., 

Hakim, 2012), the classification proposed by Saunder, Lewis and Thornhill (2012) into 

three subgroups, namely, documentary, survey, and multiple sources is the most 

comprehensive.  As with primary data, the secondary data can be either in a qualitative 

or quantitative format. Sources of such data include scientific journals, databases, 

commercial research organizations, government sources, and so on.  

The secondary data used in this study is cross-sectional and not longitudinal. While cross-

sectional data represent a snapshot taken at a particular time of the phenomenon, 

longitudinal can be used to examine change and development over time (Saunder, Lewis 

and Thornhill, 2012). Several measures have been taken to ensure the selected secondary 

data are useful and trustworthy.  

First, measurement validity (Can such data lead to the information to answer research 

questions?) (Smith, 2008), is evaluated by utilizing large coverage and amount of data as 

well as mimicking best practices from other researchers who used similar secondary 

datasets in a similar context. Second, reliability (To what extent data collection methods 

and analysis can produce similar results under consistent conditions?) (Saunder, Lewis 

and Thornhill, 2012), is checked and enhanced by acceptable values of Cronbach’s alpha 

measures and the selection of high quality of data sources (e.g., peer-reviewed journals). 

Finally, validity (What is the degree of preciseness of the results? Or does the 

method/concept measure what it is supposed to measure?) (Eriksson and Kovalainen, 

2008), is strengthened by an exhaustive literature review and development of constructs 

used in publications in cooperation with research experts. Therefore, a systematic 
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approach was used in data collection and analysis as well as a coherent detailed 

presentation and discussion is given in individual publications. Subsequently, I provide 

an overview of data sources, selection criteria, and coding process followed in 

publications used in this dissertation.  

The data for Publication I is collected from SCOPUS database by searching for titles and 

abstracts of documents with a search string. After dropping retrieved documents which 

were not published in peer-reviewed academic journals, not written in English, and other 

inclusion criteria, 104 studies were used for conducting the systematic literature review 

of tools used to measure sustainability performance of green/sustainable SCs. The content 

analysis of papers is performed utilizing the content, context, and process framework 

(Pettigrew, 1985; Cuthbertson et al., 2011). Consequently, several trends and categories 

are generated, from publication year to journals to tools, techniques, and methods used to 

measure sustainability of SC. Synthesizing such data and findings, a novel framework 

was proposed and a guideline for assessing SC sustainability performance is provided. 

Publications II and III are meta-analyses studies aiming to synthesize and generalize 

findings of the effect of GSCM/SSCM practices on firm performance. By definition, a 

meta-analysis is based on secondary empirical data published in various sources. To 

ensure the quality of the data used in both publications we decided to restrict the search 

string to peer-reviewed sources, and to increase the coverage of relevant empirical studies 

we examined the reference sections of retrieved studies. Searching of literature and 

selection process of studies used in Publication III is given in Figure 6. 

Figure 6 Required data to conduct the meta-analysis are recorded in a spreadsheet 

according to the coding practices suggested by Lipsey and Wilson (2001). Thus, we used 

a transparent, coherent, and systematic procedure to extract and record data related to 

sample size, reliability estimates, correlations or other statistics that can be converted to 

the effect size, and for moderating variables. 
 

 
 

Figure 6. Locating and selection process of documents used in Publication III. 

Source: Qorri, Gashi and Kraslawski (2021).  
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The effect size— the strength of the relationship between two variables (SSCM practices 

and firm performance) (Borenstein et al., 2009), used in both publications is the Pearson 

product-moment correlation coefficient, as it is commonly used in operations 

management research. The meta-analytic procedures proposed by Hedges and Olkin 

(1985) and recommendations by Geyskens et al. (2009) are applied, resulting in a seven 

steps sequential process as shown in Publication III. Besides estimating the effect sizes 

for various relationships of interest, in both publications, the role of moderators (a 

variable that affects the strength and direction of the relationship between independent 

and dependent variable(s)) is examined using the method of analog to analysis of variance 

(ANOVA). Consequently, several theoretical and managerial implications are obtained 

and discussed. It is also important to highlight that Publications II and III differ from 

each-other on the conceptual framework, sample size, moderating variables, and meta-

analysis model. While in the latter one we used the random-effect model of meta-analysis, 

in the first one we applied the fixed-effect model of meta-analysis. More about each meta-

analysis model can be read for example in the study of Borenstein et al. (2010). 

Data for Publication IV is collected from sustainability reports obtained from GRI 

Database (https://database.globalreporting.org/search/) based on the following selection 

criteria: 

• The sustainability report is categorized in the sector of healthcare products 

• The sustainability report is prepared in accordance with the latest GRI Standards 

• The sustainability report is published by a European pharma firm 

• The sustainability report is published from a large or multi-national enterprise  

• The sustainability report discloses information for 2017, 2018, or 2019 

Sustainability information disclosed in selected reports is evaluated independently by 

research experts according to predefined criteria discussed in the publication. Such 

criteria are used to assess sustainability of SCs. Since sustainability reports differ in 

format and content, and human judgments and preferences are often complex and vague, 

linguistic ratings predefined in the publication are used by experts to perform the 

evaluation. Consequently, obtained fuzzy data was analysed using fuzzy Shannon’s 

Entropy to calculate criteria weights, and fuzzy TOPSIS to generate the ranking. 

Generated results are further investigated using sensitivity analysis by modifying criteria 

weights. The outcome of this paper is important as it proposes a new practical method to 

measure sustainability performance of SCs under the condition of partial sustainability 

data available. In fact, we are confident that the proposed method is useful because 

sustainability information is almost always incomplete. 
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4 A summary of publications and their results  

This chapter provides an overview of objectives, main results and contribution of each 

publication included in the second part of this dissertation. While each publication 

contributes incrementally to fulfil the research goal and answering the research questions, 

in the following sub-sections details of these studies are presented. This chapter ends with 

a concise tabulated summary of four individual publications.  

4.1 Publication I: A conceptual framework for measuring 

sustainability performance of supply chains 

4.1.1 Background and objective 

Responding to increasing scrutiny from various stakeholders about SC environmental and 

social impacts, companies are devising and integrating different sustainability strategies 

and practices (Christmann, 2000; Zhu and Sarkis, 2004). Since harmful impacts may be 

present beyond any single company, such sustainability strategies should span across 

individual firms and consider all stages of products lifecycle from sourcing to 

consumption (Linton, Klassen and Jaraman, 2007). Although successful strategy 

execution highly relies on continuous estimating progress towards sustainability goals, in 

the SSCM literature there is a lack of a review study that gives an overview of tools and 

methods used to capture and analyze data across SCs and for each sustainability aspect 

(Beske-Janssen, Johnson and Schaltegger, 2015; Tajbakhsh and Hassini, 2015b; Ahi, 

Jaber and Searcy, 2016). Hence, this paper's aim was to analyze existing measurement 

approaches and to propose a new framework to assess sustainability performance of SCs. 

Following Bai and Sarkis (2014) who argued that it is important to analyze performance 

measurement approaches for helping managers to focus on core SC sustainability-related 

decisions, this paper offers a summary of sustainability performance methods discussed 

in SSCM literature.  

4.1.2 Methodology and principal findings 

Utilizing the methodology of systematic literature review proposed by Tranfield, Denyer 

and Smart (2003), we selected and analysed 104 peer-reviewed articles published from 

2005 to 2018. The Content, Context and Process framework (Cuthbertson and Piotrowicz, 

2011) was used to examine the content of studies. The synthesis of collected data are 

presented by various categorization and trends of papers by industry, publication year and 

outlet, sustainability dimensions, performance measurement methods, and cross-
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tabulation of such categories. The principal finding is that the multi-criteria decision-

making methods are growing including Data envelopment analysis, Analytical Hierarchy 

Process, and Fuzzy set theory. Another important finding is the distribution of studies by 

measurement approach and SC echelon, stakeholder integration, metrics and data used 

and real case applications. Finally, based on these outcomes, we proposed a new 

framework and provided a concise guideline that can be used to measure sustainability 

performance of SCs. 

4.1.3 Contributions 

By categorizing, analysing, and synthesizing previous studies, the first publication (Qorri, 

Mujkić and Kraslawski, 2018) has provided a comprehensive overview of performance 

measurement methods and tools used to assess sustainability of SCs. First, by focusing 

on tools and methods rather than on metrics and measures used for assessing SC 

sustainability, it helps to shift the focus of researchers on another significant aspect of the 

performance measurement system and consequently, expands the SSCM/GSCM 

literature.  Second, it provides a summary of measurement methods used and various 

trends of up-to-date relevant literature and thus it might be used as a starting point by 

practitioners and researchers interested in evaluating sustainability performance of SCs. 

Third, it proposes a novel and comprehensive framework for measuring sustainability of 

SCs.  

The framework integrates SC members, aggregation of metrics, SC network design, and 

stakeholders as well as describes relationships between these important building blocks. 

This framework can be used as a guideline or as a basic design structure of the SC 

sustainability performance measurement system. Finally, this study contributes by 

emphasizing that standardization of metrics, data sharing, and collaboration among SC 

members should be addressed by future research to develop further measurement 

approaches in SSCM/GSCM literature. Therefore, the results contribute to a better 

understanding of sustainability performance measurement approaches applied in SSCM 

literature both in practice and in theory. 

4.2 Publication II: Green Supply Chain Management Practices and 

Company Performance: A Meta-analysis approach 

4.2.1 Background and objective 

The competition is shifted from firms to SCs competing between each-other (Bai and 

Sarkis, 2014). Consequently, the focal (manufacturing) firm is often held responsible for 
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the negative environmental impact of all companies or for inter-firm activities/processes 

across the SC (Vanalle et al., 2017). GSCM practices include different types of activities 

and initiatives undertaken by companies such as green sourcing, eco-design and 

manufacturing, green distribution and marketing, and reverse logistics (Eltayeb, Zailani 

and Ramayah, 2011; Green et al., 2012). Although many studies have investigated the 

impact of GSCM practices on firm performance, the empirical evidence is mixed and not 

conclusive, confusing managers which practice(s) generate expected performance. The 

goal of this study is to provide empirical generalization on the relationship between 

GSCM practices and firm performance. This study extends and confirms some of the 

results of prior meta-analyses.  

4.2.2 Methodology and principal findings 

Based on the data from 85 independent effect sizes and following the fixed model of 

meta-analysis procedures in Comprehensive Meta-Analysis (CMA) software, we tested 

the relationship between GSCM practices and firm performance. Specifically, we tested 

five main hypotheses and 20 sub-hypotheses. The results show that the relationship 

between GSCM practices and firm performance is positive and significant. Similarly, the 

outcomes of sub-hypotheses are positive and significant, confirming that implementing 

GSCM practices firms benefit not only in economic performance but also in 

environmental, social, and operational performance. Moderator analysis also shows under 

which conditions such links are stronger. Overall, the results indicate that SC managers 

of manufacturing firms should adopt a mix of GSCM practices and not only one specific 

practice to improve firm’s performance as well as collaboration with suppliers and 

consumers is a needed to achieve desired outcomes. 

4.2.3 Contributions 

The contribution of this study can be listed in four main following points. First, the 

extensive evidence and findings presented in this study can be used by managers to 

support their opinions and requests to top-management for future investments in green 

practices and technologies. Second, benefiting from the results of moderator analysis, 

practitioners can understand better that there is a need to work together with suppliers and 

consumers and develop inter-practices. Using outcomes of this study one can also identify 

which GSCM practices are more important for a specific industry. Third, to the GSCM 

literature, this study is useful because it provides new insights and extends current 

understanding relating to the association between GSCM practices and firm performance 

and provides fruitful future research opportunities. In sum, this study makes a significant 

contribution to both theory and practice by providing comprehensive and extensive 
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evidence to reconcile differences in previous mixed results and helping to generalize that 

GSCM practices have a positive and significant impact on firm’s social and operational, 

environmental, and economic performance. 

4.3 Publication III: Performance outcomes of supply chain practices 

for sustainable development: A meta‐analysis of moderators 

4.3.1 Background and objective 

Responding to increasing pressure from different stakeholders for reducing or eliminating 

negative impacts on society and environment companies are adopting and investing in 

more sustainable inter-firm practices and technologies (González-Benito and González-

Benito, 2005; Paulraj, Chen and Blome, 2017). Such inter-firm practices or initiatives can 

be diverse from cooperation with suppliers to cooperation with consumers and include 

both social and environmental aspects of sustainability. While the impact of several 

SSCM practices (e.g., sustainable design, supplier selection) on firm’s economic and 

environmental performance are studied by many authors (Rao and Holt, 2005; Jabbour et 

al., 2014; Kirchoff, Tate and Mollenkopf, 2016), other significant practices including 

sustainable production, sustainable distribution and packaging, social SC practices 

(Pullman, Maloni and Carter, 2009; Wolf, 2014) are scarcely considered.  

The impact of SSCM practices on firm’s social and operational performance is less 

researched and existing findings are contradictory (Mani, Gunasekaran and Delgado, 

2018). Additionally, existing meta-analysis (Golicic and Smith, 2013) has a narrower 

scope or is focused on specific industries, geographical regions, did not include all 

existing and relevant studies, and lack to consider several important methodological 

issues (e.g., sample independence, outliers). In sum, a comprehensive and systematic 

study analyzing green supply practices along with all social supply practices on different 

firm's environmental, social, economic, and operational performance in SSCM literature 

is missing. Thus, the purpose of this study is to extend and provide nuanced findings on 

the SSCM practices and firm performance link utilizing a comprehensive framework and 

up-to-date empirical evidence by high methodological rigor. This study also answers the 

question under which conditions the influence of SSCM practices is stronger on firm 

performance.  

4.3.2 Methodology and principal findings 

Following the best-practice recommendations for conducting a meta-analysis (Lipsey and 

Wilson, 2001; Borenstein et al., 2009; Geyskens et al., 2009; Aguinis, Gottfredson and 
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Wright, 2011), we used the random-effects model and the results are generated from 

analysing 145 independent samples or 33,886 firms. In the research framework used in 

this study, we have conceptualized SSCM practices into nine constructs and firm’s 

performance into four constructs. The research hypotheses are grounded based on the 

NRBV theory and the relational view of the firm. In addition to five main hypotheses, 

seven moderating variables are examined to understand their impact on the link between 

SSCM practices and firm performance. The results of four main hypotheses (H1-H4) 

reveal that companies can improve environmental, social, operational, and economic 

performance by adopting SSCM practices. The results of each SSCM practice on overall 

performance (H5) show that firms benefit more when they implement both social and 

environmental programs together with their value chain partnering firms. Outcomes from 

moderator analysis indicate that SSCM practices are beneficial for all firm sizes and 

industry types but there are some important implications discussed in the article. In sum, 

outcomes from our comprehensive meta-analysis broaden and complement current 

comprehension about the importance of environmental and social supply practices as well 

as their implications to sustainability performance.  

4.3.3 Contributions 

The contribution of the third publication (Qorri, Gashi and Kraslawski, 2021) are 

important for scholars, managers, and policymakers. First, the results generated by the 

most up-to-date and extensive empirical SSCM literature show that companies which 

leverage their resources and capabilities in collaborative practices can create 

complementary assets and strategic partnerships with their supply partners, which in turn, 

might improve their performance in several dimensions. This finding helps in validating 

that SSCM practices might be a source of superior performance. Second, the results of 

our study provide additional arguments that even firms that do not own or possess all 

required capabilities or knowledge for planning and implementing sustainable strategies 

can learn and benefit from experience and lessons of their business partners in developing 

and adopting sustainability practices into their operations. Third, our study contributes to 

synthesizing and reconciling conflicting prior findings and provides a richer understating 

of the variables, constructs, and moderators to the relationship between sustainable supply 

practices and types of firm performance. Fourth, the significant and positive link between 

social supply practice and firm’s sustainability performance, extends our understanding 

and presents a unique and important contribution to the SSCM literature. Fifth, managers, 

policymakers, and scholars can benefit from results of moderator analysis, which provide 

greater clarity and nuanced views on which and under what factors sustainable supply 

practices are stronger correlated with firm’s environmental, social, operational, and 
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economic performance. Finally, the transparent and stepwise methodology presented in 

the study can be helpful to future scholars or others when preparing similar studies. 

4.4 Publication IV: A practical method to measure sustainability 

performance of supply chains with incomplete information 

4.4.1 Background and objective 

Improving sustainability management and transparency of inter-firm activities and 

processes is difficult and often impossible without a performance measurement system 

across value chain firms (Beske-Janssen, Johnson and Schaltegger, 2015). Several other 

authors (Cuthbertson et al., 2011; Ahi and Searcy, 2015) have also highlighted the need 

for developing such a performance measurement system to clear the ambiguity related to 

the benefits and costs associated with various SSCM practices adopted to decrease or 

eliminate negative environmental (e.g., use of toxic substances) and social (e.g., poor 

labor conditions) impacts (Sroufe, 2003; Ali et al., 2017). However, developing a 

sustainability performance measurement system for SCs is inherently difficult and 

complex due to non-standardized metrics (Hassini, Surti and Searcy, 2012), cultural and 

geographical differences (Hervani, Helms and Sarkis, 2005), and lack of data for many 

interdependent activities across partnering firms (Qorri, Mujkić and Kraslawski, 2018).  

While overcoming such hurdles is not a trivial issue and existing methods fail to evaluate 

all three sustainability aspects across partnering partners, the significance of assessing 

sustainability is also emphasized by several international organizations including United 

Nations in the SDGs (Tajbakhsh and Hassini, 2015a). Hence, the purpose of this study is 

to develop a new method to measure environmental, economic, and social aspects across 

each member of the value chain, from raw material providers to consumers to reverse 

logistics providers. This study is built based on the conceptual framework developed in 

the first publications (Qorri, Mujkić and Kraslawski, 2018) and on the SSCM practices 

classifications developed in the third publication (Qorri, Gashi and Kraslawski, 2021). 

Thus, to help in addressing the complexity of assessing SC sustainability performance, 

we believe that the outcome of this study is significant, and the practical model proposed 

can be widely applied. 

4.4.2 Methodology and principal findings 

Based on the five phases methodology that combines both qualitative and quantitative 

data analysis techniques such as Content Analysis, Experts Evaluations, fuzzy Entropy 
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and fuzzy TOPSIS, we proposed a practical and novel method to measure SC 

sustainability performance.  

To demonstrate the feasibility and practicality of the proposed method we extracted data 

from sustainability reports published by large pharmaceutical companies and asked 

experts to rate each report according to measurement criteria used in the method. The 

results indicate that the proposed solution can be used by managers, scholars, and 

policymakers to benchmark SCs and measure the effectiveness of SSCM practices 

implemented. To check the accuracy and consistency of generated results, sensitivity 

analysis was used. The sensitivity analysis (usually) investigates differences in the final 

ranking by changing the criteria weights. Such analysis confirmed that the findings 

obtained from the proposed method are promising and robust. 

4.4.3 Contributions 

The proposed method for measuring SCs sustainability performance makes several 

contributions. First, the practicality of the developed solution helps to lower the resistance 

in integrating environmental and social practices into operational and strategic levels as 

it enables tracking their performance across SC partners. Second, the high agility and 

modularity of the proposed method make it unique in SSCM literature as it can be applied 

in different SC configurations, contexts, and sectors. Such features are important as they 

help to overcome problems with previous sustainability assessment methods, which are 

rarely used in practical applications (Büyüközkan and Karabulut, 2018).  

Third, the proposed solution responds to the call for the development of a holistic 

framework for measuring sustainability performance of pharmaceutical SCs (Singh, 

Kumar and Kumar, 2016; Milanesi, Runfola and Guercini, 2020). Thus, we provided a 

practical tool to managers operating in the pharmaceutical industry. Finally, using the 

proposed solutions, scholars and managers can benchmark and gain a better understating 

for their overall SC sustainability performance and for their chain partners. This helps 

managers to focus their energy on devising strategic plans and implementing initiatives 

for improving sustainability performance of their SCs. In sum, based on the sensitivity 

analysis and obtained results we are confident that the proposed solution is practically 

applicable and theoretically sound for measuring sustainability performance of SCs and 

presents a significant contribution to the SSCM literature. 
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4.5 Summary of publications 

The four publications contribute to our understanding of assessing sustainability 

performance of systems (e.g., SCs) by providing outputs that facilitate structuring 

thinking and adding new insights, tools, and relationships between elements of a 

performance measurement system. A summary of the research aim, main findings, and 

contribution of each publication included in this dissertation are presented in  Table 5.   

Table 5. Summary of publications included in the dissertation. 

 

Publication Objective Main findings Contributions 

I: 

A conceptual 

framework for 

measuring 

sustainability 

performance 

of supply 

chains 

To review the 

literature and 

analyse 

measurement 

approaches that are 

used to assess 

sustainability 

performance of 

supply chains 

Related research trends 

are identified, and an 

overview of methods 

used to assess 

sustainability is given. 

A novel conceptual 

framework and a concise 

guideline for measuring 

sustainability of supply 

chains are provided. 

It extends the current 

understanding of how 

existing studies assess 

sustainability of supply 

chains. 

New insights into the 

relationship between 

measurement tools, 

metrics, supply chain 

configurations, and 

stockholders are given.  

II:  

Green Supply 

Chain 

Management 

Practices and 

Company 

Performance: 

A Meta-

analysis 

approach 

To synthesize 

empirical findings 

related to the effect 

of GSCM practices 

on firm 

performance. 

A total of 25 hypotheses 

are tested for the 

relationships between 

Upstream Supplier 

Facing, Eco-Design, 

Green manufacturing, 

and Downstream 

Consumer Facing and 

firm performance.  

Findings contribute to 

supporting previous 

observations that GSCM 

practices have a positive 

impact on firm 

performance.  

The automotive industry 

benefits the most from 

implementing GSCM 

practices. 

III: 

Performance 

outcomes of 

supply chain 

practices for 

sustainable 

development: 

A meta‐

analysis of 

moderators 

To reconcile 

contradictory results 

between SSCM 

practices and firm’s 

environmental 

social, operational, 

and economic 

performance. 

To examine under 

what condition the 

link between SSCM 

practices and firm 

performance is 

stronger.  

Based on the largest 

empirical evidence in the 

literature, the results 

showed significant and 

positive correlations 

between environmental 

and social supply 

practices and several 

types of firm 

performance.  

Several moderators such 

as industry, ISO 

certification, source of 

performance data, and 

By combining existing 

frameworks into one 

comprehensive 

framework used in the 

study, we contributed to 

defining the boundaries 

of the SSCM more 

rigorously. 

Results supported the 

view that SSCM 

practice can be 

considered as bundles of 

strategic resources. 
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time evolution yielded 

significant impacts on the 

examined link. 

Managers and scholars 

can use the study to 

know more when 

payoffs are higher from 

SSCM practices.  

IV:  

A practical 

method to 

measure 

sustainability 

performance 

of supply 

chains with 

incomplete 

information 

To propose a 

method for 

measuring 

sustainability 

performance from 

the perspective of 

extended supply 

chain.  

We developed a practical 

method and applied it in 

the pharmaceutical 

sector.  

The obtained results are 

investigated further using 

sensitivity analysis, 

which confirmed that the 

proposed solution 

generates consistent and 

robust results.  

The proposed 

method allows 

comprehensive 

assessment of a supply 

chain sustainability 

performance even when 

partial data are 

available.  

Due to the high-level of 

agility and modularity, 

this method can be used 

in various supply chain 

configurations. 

The results of the 

proposed method 

contribute to improving 

transparency, 

sustainability 

management, and can 

support managers to 

make more informed 

decisions in their supply 

chains. 
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5 Discussion and Conclusion 

This chapter provides answers to the research questions. It also discusses theoretical and 

practical implications resulting from findings generated and ends with a synthesises of 

main limitations as well as it offers some fruitful research directions for scholars 

interested in examining sustainability assessment of systems and inter-firm processes.  

5.1 Answering research questions 

The primary goal of this dissertation was to explore, analyse and develop approaches for 

measuring and managing sustainability performance of supply chains. To fulfil this goal, 

we have broken down it into three research questions as posed in the Introduction section 

of this dissertation.  

The first question “What methods and tools can be used to assess sustainability 

performance of supply chains?” is addressed in Publication I (Qorri, Mujkić and 

Kraslawski, 2018). This study presents a comprehensive review of the SSCM and GSCM 

literature dealing with performance measurement approaches. The findings are generated 

and presented based on several clusters, categorizations, and cross-tabulations of 

sustainability dimensions, industrial sectors, measurement approaches, SC echelons, 

stakeholders, metrics used, and sources of data collected. Accordingly, the publication 

identifies, highlights, and discusses several trends, issues, and relationships between 

elements of the performance measurement system. Results show that the most used 

approaches include Analytical Hierarchy Process, Fuzzy set approach, Balanced 

Scorecard, Life Cycle Assessment, and Data envelopment analysis. Furthermore, the 

study proposes a novel conceptual framework to measure sustainability performance of 

SCs, which helps in structuring thinking and facilitates decision-making process about 

sustainability assessment across SC in operational, tactical, and strategic levels. Besides 

summarizing sustainability measurement approaches, this publication emphasizes the 

importance of collaboration and data sharing among decision-making levels and 

partnering firms of the value chain. 

The second question “How can a performance measurement system be developed to 

evaluate environmental, social, and economic aspects across partnering firms?” is 

tackled in Publication IV. This article develops a practical method that measures 

environmental, social, and economic sustainability aspects across all partnering firms, 

from raw material providers to consumers to reverse logistics providers. The conceptual 

framework proposed in Publication I (Qorri, Mujkić and Kraslawski, 2018) is used as a 

design structure and the SSCM practices identified in Publication III (Qorri, Gashi and 
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Kraslawski, 2021) are used as measurement criteria. To overcome the availability issue 

of incomplete information related to sustainability aspects for each SC partner, the 

proposed solution utilizes fuzzy set theory concepts and is applied based on data collected 

from sustainability reports of large companies in the pharmaceutical industry. The 

robustness of the results is confirmed by sensitivity analysis. The proposed method 

responds to the call of developing a practical solution that enables assessing sustainability 

of SCs and can be applied in any context, level, and SC design because the performance 

calculation procedure remains untouched and only measurement criteria should be 

modified. Thus, the proposed method can be generalized and overcomes the problem of 

aggregating different indicators expressed in various units and forms, resulting in 

comparable outputs that are able to “talk to each-other” (Büyüközkan and Karabulut, 

2018) and might be used by decision-makers to make more informed sustainability-

related decisions. 

The answer to the third question “What is the impact of environmental and social supply 

chain practices on firm performance, and when such impact is stronger?” is addressed in 

Publication II (Qorri et al., 2018) and in Publication III (Qorri, Gashi and Kraslawski, 

2021). While in the second publication we consider only green SC practices that are 

operationalized in four constructs, in the third publication we analysed all environmental 

and social SC practices presented in SSCM literature. Benefiting from large empirical 

evidence that consists of 145 independent effect sizes or 33,886 firms, the results indicate 

that firms receive positive payoffs in social, environmental, economic, and operational 

performance from implementing SSCM practices. Findings showed also that such 

practices can be considered as bundles of strategic resources and firms can develop them 

by collaborating and combining their resources and compatibilities. Additionally, this 

publication highlights the role of both approaches, namely, (i) inside-out—embracing and 

implementing sustainability principles within the company, from top-management to the 

daily operational activities, and to partnering firms; (ii) outside-in—usually the focal firm 

(manufacturer) in the SC collaborates and requires from their suppliers to adopt and 

develop their sustainability practices, resulting in performance improvements for all 

parties involved.  The answer to this question was important because as noted in a large 

body of relevant literature (Eltayeb, Zailani and Ramayah, 2011; Green et al., 2012; 

Paulraj, Chen and Blome, 2017), the link between SSCM practices and firm performance 

was unclear and several studies reported conflicting findings, leaving managers confused 

to which practice to implement. Hence, the outcomes from these publications will be 

handy for scholars and managers. Additionally, in the third publication moderator 

analysis indicates that the impact of SSCM practices on performance is stronger if firms 

operate in manufacturing sector vs. service sector and several other contingencies.   
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5.2 Theoretical implications 

This dissertation is an effort to advance the field of sustainability performance 

measurement and management of SCs. In doing so, the results are published in four 

publications, each of which adds to the relevant literature. The main theoretical 

contribution from this dissertation speaks to at least four streams of GSCM/SSCM 

literature.  

First, this research contributes to sustainability performance literature by providing an 

introduction and a detailed analysis of the measurement approaches used in the previous 

studies. In Publication I (Qorri, Mujkić and Kraslawski, 2018), we examined more than 

100 peer-reviewed studies and identified key trends, highlighted main challenges, and 

extended current understanding and knowledge related to assessing and managing 

sustainability of SCs. The adding value to the literature from this study is that for the first 

time our study is focused on the process (How is the sustainability assessment carried 

out? Or by which methods or tools?) and context (Under what condition does the 

measurement take place? Or which factors or stakeholders influence the most?), and not 

in the content (What is measured? Or which metrics?) (Ahi and Searcy, 2015). Thus, 

researchers can find this publication useful as it provides new insights and highlights new 

dimensions that need to be considered when evaluating and managing sustainability 

performance. Additionally, the state-of-the-art research recommendations are discussed 

to help scholars focus their future work.  

Second, the conceptual framework proposed in Publication I and further developed into 

a practical solution in Publication IV (Qorri, Gashi and Kraslawski, 2022) sheds light on 

the sustainability assessment across the SC. While the conceptual framework adds to the 

theoretical understanding of assessing sustainability, the developed method extends the 

knowledge by uncovering new interactions among elements of a performance 

measurement system. This is important as the results from Publication I identified several 

measurement approaches, but they were limited either by considering only subsets of 

sustainability dimensions and SC echelons or by being dependent on a few indicators that 

cannot be generalized, resulting in a sparse application, and generating not so useful 

results. Conversely, the proposed method generates comparable and easy to understand 

outcomes and is applicable in any SC configuration and context as well as it works also 

even if only partial sustainability data are available. Thus, taken together these proposed 

solutions help researchers to better understand the complexities, interactions, elements, 

and many other aspects for a successful design and adoption of a sustainability 

performance measurement system that should generate usable and important outputs and 

signals on continuous/periodic timeframes.  
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Third, the large empirical evidence used to generate results in Publication II (Qorri et al., 

2018) and in Publication III (Qorri, Gashi and Kraslawski, 2021) helps in reconciling a 

much debated issue related to mixed prior evidence, whether SSCM practices positively 

contribute in firm performance. Our findings indicate that both green and social SC 

practices are significantly and positively associated with firm’s social, environmental, 

economic, and operational performance. Performance gains mostly come in two forms: 

(i) directly within a company, by investing and adopting different sustainability practices 

aiming to reduce costs, energy and material usage, waste generation, and to improve 

efficiency, labour practices and safety procedures; and (ii) across the SC, by combining 

resources and compatibilities in collaborative sustainable practices with SC partners 

aiming to source, design, manufacture, transport, and use products with less material 

inputs and reduced or zero harmful elements. Such findings reveal that competitive 

advantages may emerge from exploiting resources and knowledge within and beyond 

firm boundaries, confirming that both intra- and inter-firm practices including internal 

sustainable management, eco-design, sustainable purchasing, cooperation with 

consumers, and reverse logistics can be considered as strategic resources. The latter 

argument is in line with the resource-based theories, namely, NRBV theory and the 

relational view theory. 

Fourth, besides helping to generalize the link between SSCM practices and firm 

performance, findings from moderator analysis reveal nuanced views. In Publication III, 

we identified and tested several moderators or contingency factors, including firm 

characteristics and methodological choices. Obtained results add to the body of relevant 

literature by revealing the conditions in which firms benefit the most from implementing 

SSCM practices. Additionally, for the first time in the SSCM literature in the third 

publication, we synthesised empirical evidence and tested the impact of social supply 

practices on various types of firm's sustainability performance. Another important 

implication from this study is the demonstration that social and green SC practices result 

in a “win-win” situation, contrasting the view of trade-offs between environmental, 

economic, and social performance (Schaltegger and Burritt, 2014; Adebanjo, Teh and 

Ahmed, 2016). In sum, these findings add to the literature by uncovering new 

relationships, proposing new methods, and reconciling conflicting views and thus help 

researchers to expand and structure their understanding of how to make SC more 

manageable and sustainable. 

5.3 Managerial implications 

The importance of accurate, credible, and timely information is essential for informed 

decision-making. Performance measurement is a mean that supports managers and 
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complements their intuition to make right choices. This dissertation is focused on 

evaluating SC sustainability performance, and thus naturally has several implications for 

managers and other stakeholders who are trying to make their firms and SCs more 

sustainable.  

First, this dissertation builds over the most extensive and holistic literature dealing with 

sustainability performance measurement, aiming to provide some practical insights and 

contributions to the performance management and decision-making process. 

Measurement approaches, current and future trends, and the list of literature given in 

Publication I, can help managers to familiarize and refresh their understanding about what 

has been previously done and what should be considered when designing their SC 

sustainability performance measurement. Additionally, managers benefit from the 

practical and concise guideline provided, which explains how to modify existing 

performance systems inside companies for integrating sustainability aspects and 

practices.  

Second, the proposed conceptual framework systematically integrates SC members, 

measurement tools, sustainability metrics, and stakeholders. This framework and the 

discussion of relationships between these components can be used by managers and other 

industry experts as a guideline or as a broad design structure for developing a 

sustainability performance measurement system across SCs. The relevant discussion 

provides further arguments why the measurement approach should also be apt to include 

and process incomplete sustainability data and how to solve this issue.  

Third, the proposed method in Publication IV equips managers with a handy tool to assess 

sustainability of their SC from suppliers to reverse logistics. The demonstration in the 

publication shows that it is practical and applicable, as well as it generates consistent and 

comparable results. Consequently, generated scores can be used by managers to 

benchmark SCs, discover which criteria are more important, and identify which SC 

partners are well/poorly aligned with the firm's environmental and social objectives.  

Fourth, findings in Publications II and III show that an organization can fulfil several 

sustainable development objectives through implementation of green and social SC 

practices, leading to improved value for all stakeholders. Additionally, results outline that 

managers should develop various skills and structures for managing intra- and inter-firm 

activities including collaboration with suppliers and consumers. Outcomes from 

moderator analysis give new insights and expand current knowledge on which conditions 

the payoffs are higher from adopting SSCM practices. 
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Overall, the contribution of this dissertation in practice is to (i) help decision-makers in 

understanding the importance of sustainable supply practices to improve environmental, 

operational, social, and economic performance; (ii) and to expand their knowledge about 

evaluating sustainability performance across entire SC by focusing their attention on key 

issues.   

5.4 Policy implications 

This dissertation provides important implications for policy. The proposed method in 

Publication IV provides some guidance for policy makers on assessing the effect of 

policies on environmental, social, and economic aspects of sustainability. Likewise, this 

method combined with insights from the conceptual framework proposed in Publication 

I, can be used by governments to further adjust policy incentives, environmental policies, 

regulations, and measures. Requiring and/or promoting the implementation of sustainable 

initiatives usually is in two forms: (i) by imposing higher green taxes on firms that are 

hesitant to adopt sustainability practices; and (ii) by rewarding top firm performers with 

various subsidies or reducing their tax burden.  

Besides developing mechanisms that control and regulate issues relating to environmental 

and social aspects, governments should provide financial and technical assistance to 

organizations for developing green capabilities and expertise. Another important aspect 

is the need to invest in green technologies and infrastructure. Thus, authorities should 

embrace a dual approach and our results in Publication III indicate that SSCM practices 

can accelerate the economic growth and moderator analysis gives some insights on how 

to allocate resources more efficiently and effectively. 

5.5 Main limitations 

While the goal of this dissertation is achieved and answers are given to the posed 

questions, there are some limitations worth to be mentioned. They are related either with 

the focus of the research or with the methods selected and data used.  

The first limitation comes from the focus of the first publication on the methods and tools 

used to measure sustainability of SCs and not in the metrics or indicators. I can be argued 

for one or the other, but we choose to analyse measurement methods as there was no prior 

study that did so.  

The second limitation is related to the empirical data used and the research framework 

applied in the second and third publications. Although we did our best to develop the 

most holistic and comprehensive framework to categorize SSCM practices, other 
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researchers might argue that some constructs operationalized in the framework might be 

less or more specific and relevant with a given context. The issue of the data collection is 

directly linked with the research framework, and thus might present a potential limitation, 

despite that our study is based on huge empirical evidence (33886 firms). 

The third limitation comes also from the second and third publications because one might 

argue that a meta-analysis study suffers from inherent limitations. On the one hand, by 

definition, the meta-analytic findings depend on the quality of secondary data (available 

primary studies) used. Several steps are taken to address this issue and relevant 

explanations are given in individual publications. On the other hand, the combination of 

apples and oranges, or trying to synthesize results from studies that might not be 

conceptually comparable. Again, to overcome this issue we followed the most recent 

recommendations from prominent authors in the field and provided a detailed and 

transparent explanation of the methodology followed. 

The fourth limitation is related to data used to demonstrate the proposed sustainability 

measurement method in Publication IV. Although some assumptions are made and many 

steps to curate the data as much as possible are taken, the procedure we followed to extract 

sustainability data from GRI sustainability reports might be debatable. Thus, although the 

data used may, or may not be different from a real-life case, we are confident that the 

proposed method is robust as shown by sensitivity analysis.  

Overall, when scrutinizing results from this dissertation one should consider such 

limitations despite promising findings drawn from extensive sources and empirical 

evidence.   

5.6 Future research recommendations 

The recognition of the above-mentioned limitations presents opportunities for potential 

future work. 

One fruitful direction is to extend the proposed method in Publication IV by adding 

additional techniques to deal with uncertainty and/or aggregation of criteria into key 

performance indicators. Other techniques could potentially improve the measurement 

model and generate more accurate and pertinent results.  

Another research direction is to try and collected sustainability performance-related data 

directly from managers or databases owned by organizations. The utilization of such data 

could shed light on hidden interactions on sustainability dimensions and would uncover 

more insights that could be used to improve further the proposed solution.  
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Future work can also focus on the validation of the proposed method in different SC 

configurations and industries. For example, applying it in the oil and gas industry or in 

the construction sector might lead to interesting findings. Although the proposed solution 

uses SSCM practices as measurement criteria, other researchers can try to develop a set 

of standardized indicators that can be used in various processes and industries. The 

proposed method can also process such indicators without any modification needed. 

Finally, fruitful research directions include the examination of relationships between SC 

design or configuration with the performance measurement approaches listed in 

Publication I. The integration of the proposed solution into a software management 

system would be very significant as it would allow quick, easy, and real-time performance 

measurement and monitoring. This in turn would allow to make more informed decisions 

and improve sustainability management of SCs. 
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    

    

   

   



      

      



                                                                                                                    

                                                                                                 

                                                                                                                        

                                                                                                                 

                                                                                                                          

 

      

        

        

         

       

         

         

          

        

         

        

          

   

        

       

     

        

          

          

        

          

          

       

         

        

        



           

         

      

        

         

         

          

     

        

       

          

       

       

       

          

         

         

       

         

       

        

           

          

         

         

      

         

           

      

         

          

         

       

         

           

            

         

        

       

        

        

        

          

         

          

      

          

           

       

           

        

 

          

       

           

         

        

         

        

          

         

      

         

      

        

       

       

        

        

        

         

      

        

          

          

          

     

     

           

            



        

           

         

        

            

           

             

         

  

        

         

           

         

        

         

        

          

        

   

        

        

         

        

        

           

          

           

         

           

        

           

           

         

         

        

         

        

          

         

        

        

      

        

          

       

          

        

          

            

     

          

         

          

        

         

      

       

         

        

        

          

         

          

          

        

        

 

        

 









  





  





 



 

   



             

  

 









   

 







            

     

  







   

 





         

         

  

  







  





           

       

  







     





          

  

 









   





          

        

  







     





         

           

 

  



 

 



  





            

    



  





  

   

 







          

              

  



 

 



   

 







          

       

           



        

             

      

      

           

           

          

        

        

          

       

    

       

      

       

          

       

      

    

        



        

       

       

           

        

    

        

       

       

      

        

        

      

       

      

       

           

       

        

           

       

          

        

          

     

       

 

       

 

        

   

       

      

    

         

   

       

       

            

         

     

       

         

       

       

      

         

      



       

       

        

           

            

           

        

       

       

        

       

        

      

           

       

        

          

           

           

         

         

       

        

        

      

        

        

      

        

      

         

       

       

         

   

             

       

           

         

         

           

       

           

          

      

       

          

       

         

        

         

     

            



      

       

        

          

        

        

        

        

     

          

        

         

        

       

          

        

       

       

       

       

         

           

        

         

        

       

       

          

         

         

        

        

           

        

        

         

         

          

          

          

         

           

        

          

         

    

  

        

            

          

        

    

  

   

  

    

         

         

        

          

           

    

         

        

 

     

       

      

     

  

         

            

       

       

        

       

         

      

         

         

         

  

         

          

        

          

       

         

           

           

         

            

        

        

          

           

       

          

       

      

         



       

           



     

      

 

       

     



         

        

         

             

        

         

       

     

         

           

     

           



           

         

         

       

        

         

          

        

        

            

        

           

  

 

  

           

          

            

 

          

         

            

         

         

        

       

  

        

           

            

         

         

      

         

           





 



 



 

             

      
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             


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
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

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
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         

            



         

          

      

         

           

      

       

           

         

             

          

       

      

        

       

























          

 

       

   

   

   

   

    

   

   

     

    

   

    

    


        
        
        
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  

             

           



          

       

        

           

        

       

         

          

 

        

        

        

      

        

        

       

         



          

           

          

        

        

         

          

       

         

           

        

         

            

       

          

              

    

       

             

           

        

       

          

         

         

      

       

          

       

        

         

         

          

          

          

           

          

       

         

             

        

        

         

 

        



   

       

      

     

       

     

      

    

     

  



  

       

  



   

    


        
        
        















             














   

                      

   

            



          

            

            

          

          

           

        

           

             

         

          

           

        

           

        

           

          

           

          

           

           

       

          

          

          

            

       

        

        

       

         

         

         

           

          

          

            

           

        

          

          

            

           

 

         

       

        

          

          

         

      

           

          

         

          

            

        

          

 

       

    



  







 

     

      

    

       

     

        

       

       

   



     

          

  



       

          

 

                

             

       

         

         

            

         

          

        

         

          

          

          

       


              

           



         

        

        

        

        

       

         

          

       

       

         

       

           

           

         

          

           

       

         

         

   

      

  

          

           

         

        

        

           

          

             

        

             

         

         

         

     

         

       

           

      

           

        

         

           

        

        

          

       

       

         

         

        

     

       

             

          

       

          

           

          

         

         

          

        

         

          

         

       

         

            

      

        

         

         

       

         

        

           

       

  

      

  

      

      

       

          

        

        

          

        

         

          

          

        



        

       

       

            

        

      

        

        

           

           

         

           

         

          

       

           

   

        

        

        

        

       

         

         

         

        

       

         

         

        

            



      

        

           

      

       

         

        

      

         

         

     

         

        

         

        

          

            

           

           

       

            

          

         

      

          

        

            

        

      

  

        

         

        

      

        

      

      

           

         

        

        

         

         

         

        

        

       

        

         

        

         

        

          

          

          

           

         

           

           

         

          

           



         

        

       

          

     

      

        

      

        

          

              

          

        

        

           

            

   

           

        

      

        

          

        

          

    

        

  

           

         

        

          

        

        

        

        

       

         

       

    

       

         

         



     

        



  

       

       

        

           

         

      

        

          

      

       

        

     

      

       

        

    

 

           

        

        

          

         

          

        

         

         

           

        

          

          

          

        

   

   

          

       

       

        

         

         

           

       

          

           

        

          

           

      

      

         

         

        

              

         

       

            

       

        

       

       

            

       

          

          

             

         

         

      

          

      

         

          

          

        

         

            



           

         

       

        

        

        

     

       

          

         

 

        

       

        

         

           

       

     

        

          

       

        

    

          

          

        

       

      

       

            

         

           

        

      

  



         

        

          

          

     

          





           

        
         
         


           

           
 

           
        


          
          
   

             
          


         
         

   
          

       


          

         
       

           
           


          
         
   

          

         
     

          
            

  
           

          


            
           

  
            

       


         

         


           
  

          
          
         


           
        
      
      


          
  
    

        
             


           
          


         
          

    
           

      
           

           


           
          


         

          
  

          

          
 

        
        
   

        
        
         


         
             

        


            

            

 

           



           
       


           
         

       


         
            
 

          
      


            

        
      


          

          
   

           
        
      


         

         
   

         
         


            

         
 

            

          


         
      

     
          

          
     


           
         


           

           
    

          
         
      

          

         
         


         
          

     
           

          
     

             
        
     

               

             


          
        


              
        
     

           
           

 
          

  
           

         
     

           
          
     

         
            


         
        


           

          
       

             

          
    

            
           


           

     
         

        
     

       


           

            
           


          
        


         
     

         
        
   

           
     

           
          

 
          

          


           
      


           
           

       


           
            
     

           

          
   

           
        


          
       
            
        


           

       


            
       


           
         

     
           

        
    

          

          
 

            
           
  

           

            
        


            



          
    

         
          
 

          
           
 

            
          


         

         


           
          
 

          

          


             
       
           

     
          

        
      


          

          
    

          
       
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          
        
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          

         


         
         
         


         

           


           
          


         
       
          


          

    
           

      


         

          


            
         


            

        
     

          
       


         
          


           
       


           

        
   

           

         

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1. Introduction

Environmental management is an important issue in supply chain management (SCM) [1]. The SCM requires
integration and coordination of inter-organizational processes and strategy alignment across all companies in the
supply chain (SC) for the purpose of satisfying the final consumer [2]. Organizational processes include sourcing,
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Varying conceptualizations of green supply chain management (GSCM) practices can be observed in extant literature and there is
evidence of mixed results relating GSCM practices to firm performance. These inconclusive findings have often confused managers
which practices would yield desired performance outcomes. Hence, by applying meta-analysis approach in 85 independent effect
sizes with a total sample size of 20011 firms, we tested the impact of GSCM practices on firm performance. Findings indicate that
the relationship between GSCM practices and firm performance is positive and significant, providing empirical generalization and
support to practitioners and scholars. Likewise, the GSCM practices positively and significantly influence environmental, social,
operational and economic performance. This relationship is moderated by geographical region, industry type and firm size. Future
studies should test how ascendants of GSCM practices affect firm’s sustainability performance.
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manufacturing, distribution, marketing, information systems [2], and reverse logistics. All these processes should be
strategically aligned with environmental standards and concerns from government regulators, customers, and
competitors [3] to mitigate the risk of environmental hazards and reduce adverse publicity due to non-compliance
with associated government penalties as well as improve SC performance. With competition at SC level [4] and since
the focal company is often held responsible for the adverse environmental impacts of all organizations in its SC [3],
it is necessary to identify and adopt GSCM practices that yield competitive advantages. In this direction, the research
on GSCM is attracting a growing interest in academic literature [5].

Beamon [6] defined green SC as “the extension of the traditional supply chain to include activities that aim at
minimizing environmental impacts of a product throughout its entire cycle, such as green design, resource saving,
harmful material reduction and product recycle and reuse.” Thus, GSCM practices consist of different types of
activities and initiatives undertaken by companies to cope with institutional pressure and to improve the overall
performance of the company and in turn the overall SC performance. Although many studies have studied the
influence of GSCM practices on performance, the outcomes are mixed and not conclusive. While the majority of
studies found positive relationship [2,3,7–9], several studies have found negative [10–12] or no significant relationship
[13–16] between GSCM practices and corporate performance. Other studies including Azevedo et al. [1] and Wu and
Pagell [17] found a mix of positive and other relationships. However, results from two previous meta-analysis [18,19]
found a positive and significant relationship between GSCM practices and performance.

The meta-analysis by Golicic and Smith [18] tested only the relationship between GSCM practices and firm’s
financial performance but no relationship between GSCM practices and environmental, social, or operational
performance is tested. The meta-analysis by Geng et al. [19] tested the relationship between GSCM practices and
economic, environmental, social, and operational performance but their sample includes only studies from Asian
emerging economies in the manufacturing sector. Another factor that motivates our study is that both previous meta-
analyses violate the condition of independent samples [20] by using the same sample published in two or more studies
as independent samples.

To reconcile differences in these mixed results, several studies [1–3,5,21,22] have stressed the need for further
research on this topic. Additionally, GSCM practices have been operationalized differently and previous meta-
analyses are limited; hence, this study aims to provide new insights and empirical generalization on the relationship
between GSCM practices and firm performance.

To fulfill the research objective this study examined the empirical literature in the link on GSCM practices and
firm performance. This study followed the methods of meta-analysis recommended by Hunter and Schmidt [23] and
Geyskens et al. [20]. It contributes to theory and to practice by generalizing that GSCM practices have a positive and
significant impact on firm’s economic, environmental, social and operational performance. In doing so, SC managers,
using this study can identify GSCM practices that lead to desirable firm performance. Scholars find this study useful
because it provides new insights into the link between GSCM practices and firm performance and suggests possible
future research directions.

The remainder of this paper is organized as follows. The research framework adopted for this study is presented
in Section 2 followed by research methodology described in Section 3. The results of the study and their implications
are depicted and discussed in Section 4. The study ends with future research recommendations and conclusions.

2. Theoretical framework and hypotheses development

GSCM practices are initiatives that companies adapt to comply with environmental legislation, to minimize
negative impacts of their operations [16], and to improve their performance [9] as well as SC performance [1]. GSCM
practices include both coercive and vulnerary initiatives [7,11] and should incorporate both inter-organizational
practices [24,25] and intra-organizational practices [3]. These practices require that the focal company (manufacturer)
to collaborate with suppliers and consumers [26].

It is worth to note that various papers use different conceptual frameworks to test the relationship between GSCM
practices and corporate performance. Consequently, there is no universally accepted framework of GSCM practices
[14,16]. Based on the study by Golic and Smith [18], this paper operationalizes GSCM practices into four constructs–
Upstream Supplier Facing, Eco-Design, Green manufacturing, and Downstream Consumer Facing; firm performance
includes four constructs–Environmental, Social, Operational, and Economic Performance. Fig 1 presents the
theoretical research framework used in this study. The constructs of GSCM practices are the independent variable and
constructs of firm performance represent the depended variable. Control variables in primary studies are usually
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considered as moderating variables in meta-analysis [18]. A moderating variable in the meta-analysis is a third variable
that may affect the relationship or correlation between independent and depended variables [19,23]. In this study, we
tested three moderating variables: (i) firm size, (ii) geographical region, and (iii) industry type. Firm size is tested as
moderator since larger firms have more resources to implement GSCM practices [13]. Industry type and geographical
region are used as moderators since primary studies are drawn from various samples in both industry type and country.

Fig 1. Research framework.

Upstream supplier facing includes activities that aim to ensure the purchased items are reusable, recyclable, and
do not contain hazardous material [3,7,21]. Eco-Design is the design of products and services with environmental
objectives and impact in mind [26–28]. Green manufacturing includes activities that aim for continues improvements
of products and industrial processes to minimize harmful environmental impacts [22,29,30]. Downstream consumer-
facing includes activities that aim to improve environmental capabilities of distributors, retailers, and consumers
[1,16,21,31]. Environmental performance is concerned with saving energy and reducing emissions, pollution, and
waste [7,11,14,19]. Social performance includes items such as corporate image improvement, reduction in
environmental risks, improvement of the quality of life and health of workers and community through cleaner air and
water, reduced emissions [3,21,22] etc. Operational performance is measured by cost reductions, product quality
improvements, and improvements in delivery and flexibility [7,9,14,16,21]. Economic performance includes financial
benefits such as an increase in market share, productivity, and sales [7,21,32,33].

Based on the definition of constructs of GSCM practices and firm performance in previous paragraph and literature
reviewed several hypotheses are developed. Because the majority of the reviewed studies found a positive correlation
between GSCM practices and firm performance including economic performance [34], environmental [7,21], social
[3,22], and operational performance [2,21], the first hypothesis is proposed:

H1: Implementation of GSCM practices positively impact firm performance.

Zhu and Sarkis [7] found a positive relationship between the adaptation of GSCM practices and improvements in
environmental and economic performance. Similarly, Zhu et al. [27,35] and other studies [18,19,21] found a positive
and significant relationship between GSCM practices and economic and operational performance. Gimenez and
Tachizawa [36] and several other articles [3,9,21,33] found that the implementation of GSCM practices positively
impacts social and economic performance. Vachon and Klassen [16,37] found that cooperation with consumers and
suppliers improves operational and economic performance. In sum, based on the above discussion and literature
reviewed, it is hypothesized that:

H2: Implementation of GSCM practices positively impact environmental performance.
H3: Implementation of GSCM practices positively impact social performance.
H4: Implementation of GSCM practices positively impact operational performance.
H5: Implementation of GSCM practices positively impact economic performance.

It is worth noting that for each of the above hypothesis, we have tested four other sub-hypotheses, which consider

H1, 2, 3, 4, 5

Green supply chain management
practices

Upstream Supplier Facing
Eco-Design
Green manufacturing
Downstream Consumer Facing

Firm performance
Environmental Performance
Social Performance
Operational Performance
Economic Performance

Moderators
Firm size
Geographical region
Industry type
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one by one constructs of GSCM practices and constructs of firm performance used in this study. Thus, in total, we
have tested 25 hypotheses, and the outcomes of these hypotheses are presented in Section 4 of this study.

3. Methodology

Since the aim of this study is to synthesize and generalize the effect of GSCM practices on firm performance, a
meta-analysis of empirical research [20] is the best approach to test our hypotheses. A meta-analysis of effect sizes of
the focal link is conducted following recommendations from several studies [20,23] which can be used to generalize
quantitative results of previous research [19]. The effect size used in this study is the Pearson product-moment
correlation coefficient (r), which have been used mostly in operations management research [20].

3.1. Data collection and inclusion criteria
In line with the research objective of this study, we searched for empirical studies using keywords in SCOPUS

and Web of Knowledge databases. The keywords used in the searching procedure include sustainability,
environmental, green, social, corporate social responsibility, supply chain, value chain, performance, outcome,
benefit, practices, initiatives, activities, empirical, and quantitative. These terms were combined using Boolean logic
and references from two previous meta-analyses [18,19] were queried to look for any omitted study.

This searching process resulted in 350 articles after dropping the papers written in other languages than English
and published in not peer-reviewed sources. To obtain only papers that test the link between GSCM practices and firm
performance we read each abstract and screen content of each paper. This phase yielded 98 papers. Next, we started
to extract and code data from each article and looked for possible articles that use the same sample. This is a critical
step in meta-analysis since it ensures the independence of samples [20]. After removing articles that used the same
sample and used the same constructs in more than one study [38], 85 independent studies were left for conducting the
meta-analysis. We coded data from each article per each construct of GSCM practices and firm performance as well
as data relating to moderating variables used in this study. The correlation coefficient was directly recorded if it was
provided in the primary studies or it was derived from other statistics using formulas given by Lipsey and Wilson [44,
p. 201].

3.2. Meta-analysis procedures
Every effect size is first transformed into Fisher’s z and after analyses were performed all results are transformed

back to r correlation [20]. We used the fixed-effects model of meta-analysis because the selected papers included in
this study examine the link between GSCM practices and firm performance [18]. If multiple effect sizes per study
were reported in the primary articles, a single composite effect size is calculated using formulas by Hunter and Schmidt
[23]. Next, we meta-analytically estimated mean correlation and calculated 95% confidence interval around the mean
correlation. To examine the existence of moderators, a chi-square distributed statistic with  degrees of freedom
or Q-statistic is calculated [23], where k is number of samples. Finally, to provide confidence that publication bias is
not a concern, we calculated the so-called file drawer number and Egger’s regression. The failsafe analysis estimates
the number of unlocated studies that would affect the overall significance of our findings [18,23]. Egger's regression
test is often used to detect publication bias in meta-analyses [40]. In other words, if p-value of Egger’s test is not
significant, it means that there is no evidence to indicate publication bias. Analyses were performed in Comprehensive
Meta-Analysis (CMA) software.

4. Results and their implications

To test our study’s hypotheses, the correlation between multidimensional constructs of GSCM practices and firm
performance was calculated.
Table 1 depicts meta-analytic results. For each relationship we report: the number of independent samples (k), total
sample size (N), the mean correlation (r), the standard deviation (SE), the 95% confidence interval around the mean
(CI), the chi-square statistic for heterogeneity (Q), the failsafe number (Nfs), and the Egger’s regression intercept p-
value (Ep).

The total number of independent effect sizes is 85 with a sample size of 20011 firms. The overall association
between GSCM practices and firm performance is significant and positive (r = 0.2912, p<0.001). This indicates that
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adaptation of GSCM practices is fruitful for companies and provides evidence in support of H1. Similar results are
reported by previous meta-analysis [18,19]. Results also indicate that separately each GSCM practice is positively and
significantly correlated with overall firm performance, but Eco-design has the highest impact on firm performance (r
= 0.3604, p<0.001). Similar results are also found in other studies [7,21].

The overall impact of GSCM practices on environmental performance is positive and significant (r = 0.3144,
p<0.001), with a sample size of 12089 firms. This supports H2 and among GSCM practices, green manufacturing and
eco-design have the highest impact on environmental performance, with a mean correlation of 0.5007 and 0.4883,
respectively.

Table 1. Bivariate meta-analytic results.

k N r SE 5% CI 95% CI Q Nfs Ep

H1: GSCMPa 85 20011 0.2912 0.009 0.277 0.306 975.62*** 5416 0.2750
53 13784 0.2650 0.011 0.248 0.282 727.20*** 1938 0.0921
45 8416 0.3604 0.013 0.339 0.382 330.34*** 2117 0.4171

H1c: G 26 5872 0.2582 0.016 0.232 0.284 216.64*** 431 0.7424
40 7795 0.3121 0.013 0.290 0.334 210.03*** 1755 0.4651
51 12089 0.3144 0.012 0.295 0.333 966.05*** 1573 0.4283
36 9518 0.2435 0.013 0.222 0.265 733.72*** 647 0.2102
23 3623 0.4883 0.019 0.457 0.520 160.73*** 900 0.9985
15 2388 0.5007 0.024 0.461 0.541 109.31*** 315 0.4209
20 3347 0.3887 0.020 0.356 0.421 111.49*** 514 0.7992
14 2313 0.3240 0.025 0.283 0.365 45.14*** 232 0.8478

6 928 0.4481 0.038 0.386 0.511 16.57** 82 0.4120
8 1491 0.2915 0.031 0.240 0.343 17.68* 89 0.9436

 soc perf 4 580 0.2635 0.052 0.178 0.349 1.35 36 0.5711
7 1158 0.2516 0.035 0.194 0.309 13.57 50 0.7949

39 8524 0.2913 0.013 0.270 0.312 343.83*** 1211 0.1153
26 5229 0.3070 0.016 0.281 0.333 258.62*** 483 0.2381
24 5233 0.3020 0.017 0.274 0.330 147.08*** 601 0.0479
10 3589 0.1690 0.020 0.135 0.203 76.35*** 54 0.2735
24 4978 0.2647 0.017 0.237 0.293 95.02*** 628 0.2756

H5 53 12652 0.2888 0.011 0.271 0.307 558.56*** 1938 0.7548
33 9521 0.2752 0.013 0.254 0.297 440.22*** 709 0.7017
32 4952 0.3415 0.016 0.314 0.369 226.73*** 853 0.3930
16 2355 0.2991 0.024 0.260 0.339 138.09*** 85 0.5458
26 4628 0.3201 0.017 0.292 0.348 156.63*** 628 0.7835

Notes: aGSCMP means green supply chain practices; *p < 0.05; **p < 0.01; ***p < 0.001

There are only 14 studies that have studied the link between GSCM practices and social performance. Our results
suggest that this correlation is significant and positive (r = 0.3240, p<0.001) and adopting green purchasing practices
as well as collaborating with suppliers has the highest impact on social performance (r = 0.4481, p<0.001). Thus,
results provide evidence for supporting H3.

onal performance is significant
and positive (r = 0.2913, p<0.001) and is tested in 39 studies, with a total sample size of 8524 firms. This result
provides support for H4. Green purchasing and eco-design are the most positively correlated GSCM practices with
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operational performance with a mean correlation of 0.3070 and 0.3020, respectively. Similar results were reported by
Rao and Holt [33], and Younis et al. [9].

The relationship between GSCM practices and economic performance is strong and positive with a mean
correlation of 0.2888 (p<0.001, N=12656). All other GSCM practices are significantly and positively correlated with
economic performance. Economic performance benefits more from eco-design (r=0.3415, p<0.001) compared to
other GSCM practices. Consequently, H5 is confirmed and results show that the adoption of GSCM practices is
beneficial.

Publication bias is not a concern for our meta-analysis since failsafe numbers range between 36 to 5416, which
indicate the number of studies to be found in the literature that are not included in our meta-analysis. Furthermore,
none of the correlations have a significant Egger’s regression p-value. Therefore, we may conclude that our results
are robust.

A significant Q (p<0.05), suggests the existence of possible moderators. Table 2 shows the results of moderator
analysis. Results indicate that mean correlation (r = 0.2781, p<0.001) of large corporations is smaller than mean
correlation (r = 0.2962, p<0.001) of companies which are not large. This is in contrast with our expectations since
large companies have more resources to implement GSCM practices [13]. Next, we grouped studies based on the
geographical continent and results indicate that almost two-thirds of studies were conducted in Asia, with a mean
correlation of 0.4412. This correlation is the highest among other continents and similar results are reported by Golic
and Smith [18]. Two papers are classified under “World” as they include companies from different continents. Finally,
moderator analysis indicates that companies in the automotive industry have the highest correlation (r = 0.4977,
p<0.001) between GSCM practices and performance compared to other industries. This is in line with results from
the previous meta-analysis by Geng et al. [19] and Golic and Smith [18]. In this direction, Zhu et al. [27] highlighted
that GSCM practices are widely adopted in the automotive industry.

Table 2. Results of moderator analysis.

k N r SE 5% CI 95% CI Q Nfs Ep

Large companies 25 5385 0.2781 0.017 0.251 0.306 171.97** 499 0.1810
Other companies 60 14626 0.2962 0.010 0.279 0.313 802.64** 2601 0.6458
America 15 4380 0.1718 0.018 0.142 0.202 92.04** 133 0.4347
Europe 16 2820 0.3006 0.022 0.264 0.337 77.49** 298 0.0203
Asia 52 8315 0.4412 0.013 0.420 0.462 311.31** 4022 0.7018
World 2 4497 -0.0607 0.023 -0.098 -0.024 5.76* N/A N/A
Automotive 11 1200 0.4977 0.035 0.440 0.555 81.88** 82 0.4312
Electronics 8 1569 0.3979 0.030 0.348 0.448 33.16** 90 0.0905
Various industries 66 17242 0.2639 0.009 0.248 0.279 785.5** 3242 0.0612
Notes: *p < 0.05, **p < 0.001; N/A – not enough data to be calculated.

This study makes a significant contribution in supporting previous results that GSCM practices have a positive
impact on firm performance. The results from four constructs of GSCM practices in this study indicate that
environmental sustainability incorporates all companies in the SC. Other studies might analyze GSCM practices under
different constructs to examine if there is a difference between results presented in this study. Moderator analysis
suggests that correlations of different firm sizes are almost the same, but correlations differ by a larger degree
regarding the geographical region and industry type. We identified only two studies that investigated companies from
more than one continent, thus we recommend to scholars to include companies in various geographical regions. This
is necessary because global SCs include companies from different geographical regions. Likewise, results indicate
that SC managers working in the automotive industry are more interested and have higher pressure to implement
GSCM practices. Additionally, the results of this study reveal that SC managers of manufacturing firms should adopt
a mix of GSCM practices and not only one specific GSCM practice to improve the firm performance. Thus, in this
direction, the results from this study can be used to support SC practitioners in their reports and requests to top-
management of the company, that there is a need to work together with suppliers and consumers in the same time to



Ardian Qorri  et al. / Procedia Manufacturing 17 (2018) 317–325 323

achieve the desired sustainability performance.
It is worth to highlight that this study has several limitations. First, the decision about the studies included in the

meta-analysis might be considered subjective, although a-priory constructs of both GSCM practices and firm
performance are developed based on the literature reviewed. Second, although there is no indication of publication
bias in our analysis, there might be other studies not included in our study that examine the link between GSCM
practices and firm performance. Finally, we did not correct correlation coefficients in meta-analysis for any artifacts
including measurement error, range restriction, and dichotomization of a truly continuous variable.

5. Conclusions and future research recommendations

This study synthesized the empirical literature on the relationship between GSCM practices and firm performance.
Both GSCM practices and firm performance are operationalized using four constructs. The results show that the
overall association between GSCM practices and performance is positive and significant. Findings also indicate that
there is a need to work together with suppliers and consumers to achieve desired environmental, social, economic,
and operational performance.

Because only 14 studies examined the effect of GSCM practices on social performance, we suggest future studies
to be conducted in this direction. Future research should also consider if there is a difference in performance based on
the pressures for implementing GSCM practices. It is also worthwhile to analyze in more detail the reasons why some
industries and geographical regions have higher benefits from adopting GSCM practices. Only around half of the
studies specify the underpinning theories for the link of GSCM practices and firm performance and various constructs
were used to test this relationship. Thus, there is a need to develop a theoretical background and a more comprehensive
framework of constructs. Finally, future research should expand GSCM practices to include social SC practices and
test their impact on different dimensions of firm performance.
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      

     

       

    

  

    

    

 



    

      

  

 



         

            

           

           

             

            

           

          

         

         

           

            

          

           

             

            

 

   

        

  

  

         

          

        

       

          

         

      

     

        

          

          

         

        

          

          

       

      

        

       

        

          

        

        

   

           

 

              



          

        

        

          

          

        

        

        

          

        

         

        

          

       

         

           

           

          

        

         

   

      

         

          

           

       

         

       

         

          

        

        

          

        

       

          

         

       

        

          

        

     

       

          

        

         

         

          

              

          

          

         

        

      

         

         

         

        

       

         

         

          

         

        

          

        

    

       

        

          

         

      

        

       

        

       

         

        

        

       

          

        

         

        

           

         

       

       

        

           

         

       

        

        

          

         

       

    

        

       

   
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          

        



     



         

          

       

         

         

        

      

      

        

        

        

      

        

        

          

          

        

         

        

           

        

     

         

         

          

        

       

         

      

          

       

        

       

       

          

          

        

        

        

          

         

       

          

      

        

       

           

         

    

         

        

          

          

     

      

       

      

        

       

      

           

         

         

         

      

       

     

      

        

        

          

 








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





























































































     

     

   

    

    



   



             

   

 



    

  

  

 

    

    

 

      

    



       

 

    



      

    

    

    

  





   

    

   

   

 

     

     

     

     



      

  

     

    

  

     

   

    

     

   







    

  

    

    

    

 

      

    

       

   

      

     

  

     

     

    

   

   

    

     

     

      

     

      

 





   

  

  

      

 

    

     



     



   

    

    

  

  



 



    

    

    

   

   

      

     

  

      



      

 

     

    

  

      

 

      

    

     

    

   







    

  

    

 

     



    



     



     

 

   

   

     

    

      



   



     

        

        

         

        

         

          

         

       

      

      

        

       

 

       

        

         

      

        

        

       

         

          

         

        

        

         

        

        

         

        

      

         

          

     

   

        

         

          

        

         

       

        

           

         

      

        

         

      

         

       

        

         

          

         

          

        

      

         

       

         

      

   

   

      

    

   

     

      

     

  

    



       



  

    

     

   



 

    

    

    

 

     

      

 

     

 

     

   

    

      

 





    

     

 

     

      

      

    

   

 

   



         

   

        

         

          

          

      

       

        

      

         

         

         

         

         

       

       

         

        

      

       

           

         

 

   

          

            

         

        

        

         

          

           

          

           

            

          

       

        

       



   

       

        

            

   





  

   

    

  

      

      



      



     

   

 

      

    

  

    

   

    

 

    

  

   

    



    

    

      

     

       

 

    

      

   

     

   





  

  

   

    



     

   

       

      

  

     



      

  

   

     

   

   

   

   

 

     

   

 

     

    



      

       



      

     

    

     

      

 

   



        

        

         

           

        

        

         

            

          

           

       

         

         

        

          

        

     

          

          

          

          

         

      

            

          

       

       

  

       

     

       

      

         

         

           

        

        

           

            

          

          

       

         

          

         

        

      

        

   



 

 

 

 

 

 

 

 



 


 

 


 





 

 

 

 



 

 

    

   



           

       

          

           

         

 

        

            

        

         

           

           

         

       

        

         

        

      

       

     

         

       

        

       

        

       

        

          

        

        

        

        

           

        

        

          

         

       

            

      

         

          

        

         

         

         

         

          

         

       

       

       

     

       

        

        

            

         

         

        

            

         

      

       

         

       

         

            

           

          

        

        

      

     

          

         

       

       

      

        

      

        

         

          

        

        

         

         

        

          

         

        

      

       

     

      

       

        

            

         

        

   



        

          

        

         

          

          

           

       

        

          

           

          

 

       

     



         

          

           

          

        

           

 

   

        

          

         

         

          

          

        

      

         

          

          

        

          

          

           

         



        

         

         

       

          

         

        

        

         

           

        

           

          

         

         

         

          

           

       

         

        

       

        

        

        

       

           

      

          

        

         

         

          

       

         

         

         

        

        

          

       



         

         

        

      

        

         

         

         

        

        

          

         

          

         

         

       

          

       

   



           

          

        

         

          

      

         

        

         

          

        

         

        

         

          

            

           

         

           

         

          

           

              

       

  

     

        

           

        

       

         

           

       

          

            

         

         

          

        

           

          

     

    

         

          

         

          

              

          

       

          

     

         

        

           

           

            

    

   

           

         

            

         

          

          

         

           

        

        

           

          

            

       

        

        

        

         

  

   

           

       

          

            

          

         

          

           

        

          

          

          

             

         

   



           

          

          

       

           

          

           

           

         

           

        

           

         

          

           

         

           

         

        

        

        

       

        

        

         

        

          

         

   

          

         

          

        

        

           

          

       

         

  

        

          

             

   




















     

      

     

   

   



         

         

          

            

      

        

         

         

      

         

            

         

          

            

   

         

      

         

   

         

             

   

         

        

       

            

        

        

         

         

          

           

         

          

  

          

        

         

            

             

        

       

       

          

        

          

         

           

         

           

     

       

           

            

           

           

        

  

            

        

        

          

          

          

             

         

        

            

        

        

    

       

           

            

          

           

          

      

         

         

        

        

          

         

       

        

        

       

         

     

   

           

        

        

        

            

         

         

            

             

   



          

        

        

        

          

        

       

         

           

          

          

          

           

         

          

          

         

       

          

             

          

       

         

        

           

             

         

          

          

            

             

         

            

         

             

           

    

  

           

         

      

              

        

           

           

           

           

                       

                 

  

               

        

           

           

           

           

           

           

           

           

           

           

                       

                  

                

        

   



                   

      

 

      

      

 

 

      

      

      

      

        

      

 



      

      

 

 

      

      

 



       

      

 



      

      

 

 

       

       

 



      

      

      

       

      

      

      

      

      

 



      

      



   



        

        

          

         

       

            

         

       

            

        

         

         

          

           

           

          

          

          

      

          

           

         

        

       

         

         

        

        

        

   

       

        

        

          

          

        

        

      

           

          

       

          

        

          

        

          

          

          

 

       

           

          

        

        

         

           

              

       

           

        

           

          

        

         

         

         

         

         

         

            

         

       

          

       

         

         

      

         

       

          

          

   

      

      

      

 

                       

                

   



         

        

             

        

         

       

           

        

       

        

          

           

         

       

        

         

           

         

          

       



         

         

         

          

        

           

        

      

          

          

          

          

          

          

           

         

          

          

             

          

           

         

           

         

        

        

           

          

           

        

           

           

       

        

          

       

          

       

         

        

          

         

         

          

          

       

         

         

          

       

           

            

          

        

      

         

         

          

            

           

          

          

        

         

           

          

            

          

            

         

     

         

      

        

          

     

          

        

         

        

          

         

         

          

    

   



     

         

         

      

        

       

       

       

         

        

       

        

          

      

        

       

         

          

         

        

          

       

         

        

        

       

       

          

       

         

  

         

        

        

        

        

       

          

        



       

          

        

        

        

         

          

          

    

        

           

        

          

        

        

        

        

       

        

           

          

          

       

       

            

        

    

     

          

        

            

        

           

         

         

            

         

        

            

         

           

          

         

         

            

         

       

        

       

          

          

       

          

           

       

         

         

         

        

        

         

         

   



         

          

        

         

 



          

        

           

     

  

           

      



  



            

         

    

           

        

      

       

        

          

       

            

       

       

     

            

          

     

          

       

   

           

      

     

          

      

           

  

            

      

    

           

        

        

 

                

       

       

   

            

        

      



            

      

        



             

         

       



          

       



         

        

     

        

    

         

       

 

           

       

       

             

       

 

           

      

        

           

       

       



            

         

   

               

        

      



               

       

        

     

          

        

 

          

        

     

             

       

     

               

         

   

              

       

     

             

          

       

       



   



              

         

      

        

            

         

     

         

         

     

            

        

      



            

      

     

      

           

       

    

         

          

     

            

            

         

  

              

        

       

  

         

       

       

           

      

        

      

           

       

     

            

        

      

  

          

      

        

  

           

       

      

     

           

         

        



         

       

        

   

           

        

       

     

             

       

     

             

       

      

     

         

        



          

         

  

           

       

      

      

       

 

            

       

    

          

       



        

            

       

             

     

  

             

       

      

            

          

        

        

   

           

         

       

        



        

        

       



           

        

       

           

    

           

    

           

        

     

           

       

       



   



          

         

   

            

      



           

        

     

           

      

         

 

              

        

        

 

           

          



            

          

     

                

        

         

        

       

  

         

        

      

          

         

        

 

            

        

     

            

       

   

              

       

        

        

   

            

        

          

       

               

         

       

             

         

       

 

              

         

      

              

         

       

   

              

       

        

   

            

       

       



            

       

  

              

       

          

  

             

       

        

            

       

   

            

      



            

       

  

            

      

   

          

      

     

            

        

   

             

       

  

          

        

      

             

       

      

           

        

        

      



        

         



            

        

    

          

 

          

        

     

         

       

        

   

   



          

       

        

      

            

        

     

          

        

        

      

          

       

       

  

          

        

       

        

  

          

        

 

            

         

       

  

           

         

     

             

   

       

       

       



            

        

        

           

      

        

 

          

        

    

              

         

         

        

            

        

       

 

             

      

       

           

       

   

            

        

   

             

       

  

           

        

   

      

       

     

          

    

              

        

         



           

      

     

           

       

 

            

        

   

           

        

    

         

      

     

               

      

        

       

           

       

   

            

        

       



          

      

    

          

     

          

      

     

         

       

   

               

        

         

 

           

      

       



              

       

      

   



          

       

      

            

           

  

            

         

        

   

              

        

        

     

          

       

          

        

        

          

       

 

          

       

       



           

     

         

      

      

               

        

        

      

             

         

        

  

           

     

             

        

       

   

               

      

       



             

      

       



          

        

        

              

         

         

         

             

       

        

  

             

        

        

 

             

      

         

   

           

       

   

           

       

     

          

        

        



          
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Abstract 

Measuring and managing supply chain sustainability is essential for achieving sustainable 

development goals. Existing methods fail to assess all three sustainability aspects across supply 

chain partners when measuring sustainability performance. Hence, this paper aims to develop a 

new method that evaluates environmental, social, and economic sustainability aspects across the 

entire supply chain, from raw material providers to consumers to reverse logistics providers. By 

combining content analysis, expert’s evaluation, fuzzy Shannon’s Entropy, and fuzzy TOPSIS, we 

develop a novel approach to measure the end-to-end supply chain sustainability performance. 

Utilizing data from six sustainability reports published by large pharmaceutical companies we 

demonstrate the practicality and ease of application of the proposed solution. Results show that 

the developed method can be used by managers and policymakers to benchmark supply chains and 

evaluate the effectiveness of adopted sustainable supply chain initiatives. Additionally, the 

sensitivity analysis indicates that the results obtained from the proposed method are promising and 

robust. Researchers and practitioners can use the proposed approach to measure sustainability, 

increase their value chain transparency, and identify potential environmental and social issues 

across their supply chains, leading to more informed decision-making about the implementation 

of sustainability practices across inter-organizational processes. 

Keywords: Performance Measurement, Pharmaceutical industry, SSCM, Sustainable 

Environmental Performance, Fuzzy TOPSIS, Fuzzy Entropy
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1. Introduction 

Supply chains (SCs) are the backbone of each company. Improving sustainability management 

and transparency of interdependent activities and processes throughout a value chain is difficult 

and often impossible without a successful adoption of a performance measurement system at SC 

level (Beske-Janssen et al., 2015). Consequently, many large and small companies (e.g., Apple, 

BMW, Xerox) have started to integrate sustainability practices throughout their SCs (Li et al., 

2019) and to report their sustainability performance (Papoutsi and Sodhi, 2020). Understanding 

how to turn a SC into sustainable ecosystems requires a holistic approach where each member firm 

should set environmental, social, and economic goals (Rao and Holt, 2005) and adopt appropriate 

green/sustainable supply chain management (GSCM/SSCM) practices to attain such goals (Linton 

et al., 2007). Despite investment, SSCM practices demand cooperation and involvement of many 

stakeholders including suppliers, manufacturers, distributors, and consumers to reduce 

environmental impacts (Zhu and Sarkis, 2007) and to act socially responsible throughout the 

lifecycle of a product or a service (Mani et al., 2016).  

Besides, helping companies to cope with increasing pressure from the community and 

governments for reducing or eliminating negative environmental (e.g., waste, GHG emissions) and 

social (e.g., poor working conditions) impacts (Esfahbodi et al., 2017) through their production 

processes and value chain activities, SSCM practices can potentially create new revenue streams 

(Qorri et al., 2021; Tajbakhsh and Hassini, 2015). However, due to the lack of comprehensive 

performance measurement methods and frameworks that evaluate sustainability of SCs (Qorri et 

al., 2018; Schöggl et al., 2016), the potential of SSCM practices cannot be fully understood and 

utilized (Ahi and Searcy, 2015; Hassini et al., 2012).  
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Measuring performance across firms is complex for many reasons including non-standardized 

metrics (Ahi and Searcy, 2015), cultural and geographical differences, poor understanding of 

measures (Hervani et al., 2005), and lack of cooperation and data sharing across SC firms (Qorri 

et al., 2018). Likewise, the complexity of sustainability performance measurement is increased by 

numerous tiers within a SC (Sloan, 2010). While overcoming these barriers is not a trivial issue, 

the firm’s sustainability performance and competitiveness might rely on the successful 

implementation of the performance measurement system that evaluates all three sustainability 

aspects (Hervani et al., 2005). Moreover, performance measurement enables managers and 

policymakers to evaluate and trace the sustainability of products and companies (Schöggl et al., 

2016) and is crucial for both internal control and external reporting (Piotrowicz and Cuthbertson, 

2015). 

The importance of sustainability assessment spans beyond academia as several initiatives are 

proposed and implemented by international organizations (e.g., United Nations, Dow Jones 

Sustainability Indices) (Allen, Cameron and Clouth, 2012; Tajbakhsh and Hassini, 2015). 

However, despite numerous contributions (Ahi and Searcy, 2015; Govindan et al., 2013; Hervani 

et al., 2005; Piotrowicz and Cuthbertson, 2015; Tajbakhsh and Hassini, 2015), the literature on 

measuring sustainability performance of SCs is fragmented and incomplete (Qorri et al., 2018). 

Most of the research is focused on assessing performance of individual firms or between suppliers 

and manufacturers (Yakovleva et al., 2012) and the evaluation is mainly focused on environmental 

performance (Hassini et al., 2012). Furthermore, the performance measurement frameworks that 

evaluate environmental, social, and economic dimensions across each SC member are not well-

developed (Beske-Janssen et al., 2015; Qorri et al., 2018). Thus, there is a significant need to 

develop a method to assess sustainability on three dimensions across all SC partners. To bridge 
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this gap, this study aims to develop a novel method that helps to assess the SC sustainability 

performance based on all three sustainability dimensions across each member of the value chain.  

The contribution of this study in SSCM literature and practice is as follows. First, by combining 

methods such as content analysis, expert’s evaluation, fuzzy Entropy, and fuzzy TOPSIS, we 

develop a novel and practical approach to measuring SC sustainability performance. The proposed 

method helps in integrating sustainability practices into operational and strategic levels and 

enables tracking their performance across SC partners. Second, given the enormous impact of 

pharmaceutical industry on people’s lives (Milanesi et al., 2020), and responding to the call for 

development of a holistic framework for assessing performance across the pharmaceutical SC 

(Chaturvedi et al., 2017; Ding, 2018; Singh et al., 2016), we applied the proposed approach based 

on data collected from pharmaceutical companies. Third, utilizing the proposed method, 

practitioners can benchmark and gain more granular understating for their overall SC sustainability 

performance and for each SC tier. This allows managers to focus their attention on developing 

strategic plans and implementing initiatives for improving SC sustainability. Finally, because we 

use SSCM practices as performance criteria, we believe that the proposed method can be easily 

applied in other industries and contexts.  

Following the introduction, we review the SSCM literature in pharmaceutical sector and 

identify relevant sustainability practices. Next, we describe the research methodology, starting 

with sample selection, data collection and a step-by-step explanation of methods used, followed 

by a presentation of the findings. Finally, we discuss implications of our results and note the 

limitations of our analysis as well as provide recommendations for future research.  
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2. Literature Review 

In this section, the research relating to sustainability performance measurement and SSCM 

practices in pharmaceutical industry are reviewed and discussed. Sustainability reporting practices 

are also discussed at the end of this section. 

2.1. Measuring supply chain sustainability performance 

Measuring SC sustainability performance is necessary to manage and guide sustainability 

improvements across partnering firms as it provides useful information for decision-making at 

strategic, tactical, and operational levels (Hervani et al., 2005). Given that sustainability 

performance measurement should assess social, environmental, and economic dimensions across 

all partners in a SC, it becomes a challenging and inherently complex process (Sloan, 2010).  

Sustainability performance is complex, nonlinear, integrated, and difficult to be assessed 

(Pavláková Dočekalová et al., 2017). Consequently, a sustainability measuring system should be 

apt to use and process multidimensional, partial, subjective, and vague data in an integrated manner 

(Ahi and Searcy, 2015). Likewise, sustainability performance is assessed by both qualitative and 

quantitative criteria (Govindan et al., 2013), and SC performance is evaluated using both tangible 

and intangible performance measures (Chan et al., 2003) as well as striving to improve socio-

economic benefits while reducing negative environmental impacts, often results in conflicting 

criteria/objectives in decision making (Erol et al., 2011). Thus, measuring SC sustainability 

performance is a multi-criteria decision making (MCDM) problem (Diaz-Balteiro et al., 2017) and 

fuzzy logic is a suitable approach for integrating uncertainty, intangibility and vagueness (Kannan 

et al., 2014; Uygun and Dede, 2016).  
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In a recent review, Qorri et al. (2018) found that the application of MCDM techniques for 

measuring SC sustainability performance is increasing and argued that to increase the accuracy of 

the assessment, such methods should be combined with fuzzy logic. Other reasons that justify the 

use of fuzzy logic in sustainability assessment include (1) multifaceted nature of sustainability, (2) 

partial or vague quantitative data, (3) for many (social) criteria only linguistic description is 

available (qualitative data), and (4) sustainability assessment often involves consulting experts 

with varying experience across many fields whose opinions cannot be modeled using traditional 

mathematics of crisp numbers. (Pavláková Dočekalová et al., 2017; Phillis et al., 2010). More info 

about fuzzy logic is provided in the section of Preliminaries.  

In SSCM literature, several performance management systems have been proposed (for a 

review see Qorri et al. (2018), Schöggl et al. (2016), and Beske-Janssen et al. (2015)) to help in 

addressing the complexity of evaluating sustainability performance. For example, a social lifecycle 

assessment framework for wine industry is proposed by Arcese et al. (2017), whereas a modified 

Balanced Scorecard is suggested by Shafiee et al. (2014). Tajbakhsh and Hassini (2015) developed 

a method based on Data Envelopment Analysis. While several studies proposed conceptual 

frameworks (Hassini et al., 2012; Hervani et al., 2005; Qorri et al., 2018; Sloan, 2010), only few 

papers used MCDM techniques and fuzzy set theory (Agrawal et al., 2016; Erol et al., 2011; Uygun 

and Dede, 2016) to develop models for measuring sustainability. However, most of the proposed 

approaches assess sustainability performance solely among suppliers and manufacturers, omitting 

other SC members such as distributors, consumers, and reverse logistics providers (Qorri et al., 

2018). Likewise, except conceptual frameworks, other proposed approaches are developed by 

focusing solely on aggregating metrics or measures and not on inter-organizational practices (e.g., 

supplier selection, eco-design) and interdependent and collaborative processes. But previous 
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research has shown that standardized sustainability metrics are missing (Ahi and Searcy, 2015) 

and in many companies such metrics are kept disaggregated, leading to useless results (Wicher et 

al., 2019). Furthermore, most of the existing sustainability assessment frameworks lack to consider 

social sustainability (Hassini et al., 2012) and fail to “talk to each other” (Büyüközkan and 

Karabulut, 2018), resulting in sparse application of the proposed methods (Qorri et al., 2018).  

However, among proposed analytical sustainability assessment approaches, in terms of 

usefulness and practicality, the most promising solution seems to be the one that combines MCDM 

techniques with fuzzy logic. To our knowledge, only three studies attempted to build an overall 

SC sustainability assessment framework based on this solution. Erol et al. (2011) proposed a 

framework for retail industry that follows the logic of composite indicators based on fuzzy entropy 

and fuzzy multi-attribute utility. A simple fuzzy rule-based system to evaluate performance of a 

closed-looped SC is developed by Olugu and Wong (2012). Combining fuzzy ANP and fuzzy 

TOPSIS, Uygun and Dede (2016) proposed a framework for evaluating GSCM performance. 

While these studies present important contributions in developing an overall sustainability 

measurement system, their applicability and comprehensiveness is limited because they are 

developed based on either limited number of metrics, which are not standardized among firms and 

industries (Ahi and Searcy, 2015; Qorri et al., 2018) or are not designed for scalability and 

flexibility as well as fail to consider multi-dimensional aspects of sustainability. In GSCM/SSCM 

literature, there are other studies (e.g., Govindan et al., 2013; Kannan et al., 2014) that combine 

MCDM techniques and fuzzy logic but their scope is much narrower (e.g., supplier selection) 

compared with our study, and thus will not be reviewed. 

In line with the recommendations of many authors in the SSCM literature (Hassini et al., 2012; 

Hervani et al., 2005; Linton et al., 2007; Qorri et al., 2018; Tajbakhsh and Hassini, 2015), we 
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conceptualize the SC sustainability performance measurement as a system that integrates the 

performance of each individual partnering firm of the chain. Therefore, to overcome the above 

limitations, we aim to develop a usable and practical method for measuring sustainability of SCs 

based on SSCM practices, by integrating all partners and sustainability dimensions in the 

assessment process. Since our proposal for measuring sustainability performance utilizes SSCM 

practices as criteria, they are discussed subsequently.  

2.2. Sustainable supply chain management practices 

To explain better GSCM or SSCM practices discussed in extant literature, we initially present 

the most prominent definitions. Srivastava (2007) defined GSCM as “integrating environmental 

thinking into supply chain management, including product design, material sourcing and 

selection, manufacturing process, delivery of the final product to the consumers as well as end-of-

life management of the product after its useful life”. Based on a comparative analysis of 22 

definitions for GSCM and 12 definitions for SSCM, Ahi and Searcy (2013) defined SSCM as: 

“The creation of coordinated supply chains through the voluntary integration of economic, 

environmental, and social considerations with key inter-organizational business systems designed 

to efficiently and effectively manage the material, in- formation, and capital flows associated with 

the procurement, production, and distribution of products or services in order to meet stakeholder 

requirements and improve the profitability, competitiveness, and resilience of the organization 

over the short- and long-term.” Further clarity was added by Mani et al. (2016) who defined social 

sustainability practices as “the way companies interact with the people spanning across all three 

tiers of the supply chain, in terms of addressing their safety, health, hygiene, wages, labor rights, 

etc., leading to the sustainability of the firm”. Therefore, based on these definitions it is evident 

that sustainable supply practices and initiatives consist of and span across many firms and business 
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functions, from suppliers to manufacturers to reverse logistic providers, resulting in diverse 

initiatives that should integrate environmental, social, and economic dimensions throughout value 

chain to meet stakeholder requirements over the short- and long-term.  

Many authors highlighted the importance of SSCM in achieving sustainable development goals 

described by the United Nations (Eltayeb et al., 2011; Tachizawa et al., 2015; Vanalle et al., 2017; 

Zhu and Sarkis, 2004), but a holistic framework for categorizing SSCM practices does not exist 

(Laosirihongthong et al., 2013). Constructing a general and comprehensive framework is difficult 

because SSCM practices are diverse and have a wide area of application across various industries 

and firm sizes (Qorri et al., 2021). However, most authors used the framework proposed by Zhu 

and Sarkis (2007), who categorized SSCM practices into Internal Environmental Management, 

Eco Design, Cooperation with Customers, Green Purchasing, and Investment Recovery. 

Moreover, following recent suggestions, we complement this framework with other practices 

including Sustainable Manufacturing (Abdul-Rashid et al., 2017), Sustainable Distribution and 

Packaging (Esfahbodi et al., 2017), Reverse Logistics (Sroufe, 2003), Socially Inclusive Practices 

for Community, and Socially Inclusive Practices for Employees (Das, 2017). Thus, grounded on 

extant literature, we propose to categorize SSCM into ten practices as shown in Table 1. This 

categorization can be considered comprehensive as it includes other frameworks which have 

divided SSCM initiatives into internal (inbound) and external (outbound) practices (De Giovanni, 

2012; Rao and Holt, 2005), or monitoring-based and collaboration-based practices (Tachizawa et 

al., 2015). Furthermore, such categorization is also supported by a recent comprehensive meta-

analysis (Qorri et al., 2021), which found that SSCM practices are positively correlated with firm’s 

performance regardless of firm size and industry type, as well as firms profit more when such 

environmental and social supply practices are integrated and managed cohesively with internal 
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functions and inter-organizational processes. In the following section, we discuss SSCM practices 

adopted by pharmaceutical companies.  

2.3. Sustainable pharmaceutical supply chain practices 

The pharmaceutical sector is highly regulated and complex with many processes, interactions, 

stakeholders, and companies involved in the discovery, development, production, distribution and 

marketing of drugs (Halabi and Gostin, 2015; Viegas et al., 2019). Although pharma SC is 

fragmented and complex, Singh et al. (2016) showed that SSCM practices are strategic issues in 

the pharmaceutical industry and emphasized that for improving overall performance, pharma 

companies need to integrate their resources and processes with performance measures from social, 

environmental, and economic aspects.  

Before starting the production of pharmaceuticals, manufacturers should buy their raw material 

ingredients and other material inputs from suppliers that comply with environmental and social 

standards (Xie and Breen, 2012). To select sustainable suppliers in the pharma industry, a few 

solutions are proposed. For example, Low et al. (2016) recommended utilizing analytic hierarchy 

process (AHP) and Roschangar et al. (2017) proposed a simple “Green Scorecard” based on 

ISO1400 standard. These methods are limited as either depend on subjective weights or do not 

consider enough metrics to measure all three sustainability dimensions.  

Although the focus in the design stage of pharmaceuticals is on safety and quality, drugs can 

still be designed to be more sustainable (Ding, 2018). For example, by substituting toxic and 

hazardous chemicals, reducing or eliminating harmful ingredients, and employing green chemistry 

principles to promote substitutions and the inclusion of lifecycle analysis in the research and 

development process of medicines (Koenig and Dillon, 2017; Xie and Breen, 2012). A framework 
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that incorporates environmental criteria into the design of a pharmaceutical SC network is 

proposed by Low et al. (2016) but lacks practical application.  

The manufacturing of pharmaceutical products requires water, energy, active pharmaceutical 

ingredients, and other inputs, which also generates waste and pollution in different forms (Li and 

Hamblin, 2016). As such, emerging Industry 4.0 technologies can be used for cleaner 

pharmaceutical production and to upgrade batch-based mass manufacturing with sustainable, 

efficient, smart, patient-centered and continuous production (Ding, 2018). Furthermore, other 

technologies and initiatives aiming to improve eco-efficiency and reduction of input resources are 

essential to be implemented by manufacturers for improving their environmental footprint 

(Gernaey et al., 2012).  

After pharmaceuticals are manufactured, they should be packaged, distributed to hospitals or 

retailers (e.g., pharmacies) via forward flow, whereas returned and recalled medicines should be 

collected via reverse flows. In this context, packaging should be designed and produced in close 

collaboration with all parties involved, from logistic providers to patients, to convey the details of 

the product (medicine) in an appealing way, and to protect the product as well as to be easily 

handled in the transportation (Kumar et al., 2008). Besides, packaging materials should be 

recyclable, lightweight, reusable (Meherishi et al., 2019), and package sizes and shapes should 

encourage patients to use the drug completely, reducing waste generation and facilitating reverse 

logistics (Ding, 2018; Xie and Breen, 2014).  

Packaged pharmaceuticals are distributed via a complicated network of logistics. Possible 

approaches to minimize harmful impacts and emissions in distribution include a combination of 

modes of transportation that use alternative fuels, more energy efficient warehouses and better 

optimization of their locations, as well as utilizing emerging technologies in inventory control and 
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storage (Esfahbodi et al., 2017). Using interpretive structural modelling Gardas et al. (2019) 

identified several environmental and social criteria for the selection of third-party logistics service 

providers in the pharmaceutical industry.  

The need and importance of coordination and collaboration in pharmaceutical SC among 

suppliers, producers, distributors, consumers, and other stakeholders to improve sustainability 

performance is discussed by Nematollahi et al. (2018) and Veleva et al. (2018). Regarding social 

sustainability, the drug availability, quality, accessibility, and community involvement and 

development are considered as main social responsibilities in the pharmaceutical SC (Nematollahi 

et al., 2018; Zahiri et al., 2017). Apart from social practices focused on community, pharmaceutical 

companies should provide good working conditions, respect human and labor rights, as well as 

offer a healthy and safe workplace to their workers (Milanesi et al., 2020).  

For more information about the evolution and adoption of sustainable procurement, design, 

manufacturing, and distribution practices in the pharmaceutical industry see two recent reviews 

(Chaturvedi et al., 2017; Ding, 2018). A more general review of sustainability aspects including 

social practices in the pharmaceutical industry is done by Milanesi et al. (2020). While sustainable 

packaging practices are reviewed by Meherishi et al. (2019), reverse flows including investment 

recovery practices were reviewed by Viegas et al., (2019). Additionally, Xie and Breen (2012) 

proposed a green pharmaceutical SC that can prevent pharmaceutical waste. In line with the 

literature discussed above, we adopted the SSCM practices for the pharmaceutical industry as 

shown in Table 1. 

2.4.  Sustainability reporting in supply chain research 

Among several reporting guidelines proposed by numerous agencies, the Global Reporting 

Initiative (GRI) is the most used across all industrial sectors (Chaturvedi et al., 2017; Papoutsi and 
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Sodhi, 2020). Following GRI guidelines, companies are increasingly disclosing sustainability 

performance of their initiatives undertaken to minimize impacts on the environment and society 

(Aras et al., 2018). As such, the sustainability report is becoming a common and credible mean of 

communication to stakeholders (Azim and Azam, 2013). Although, usually sustainability reports 

are not audited like annual reports, Papoutsi and Sodhi (2020) concluded that sustainability reports 

indicate actual sustainability performance of companies. Their finding is derived from analyzing 

331 sustainability reports across many industries and geographical regions.  

Managing, measuring, and reporting SC sustainability practices assist companies to add 

business value to their processes (Qorri et al., 2018). By reviewing 11 corporate sustainability 

reports in the pharmaceutical sector, Schneider et al. (2010) found that pharma companies are 

increasingly implementing more programs to improve their sustainability performance. Such 

programs include initiatives for climate change, air emissions, water, waste, product stewardship, 

wastewater, supplier management, and labor practices. Likewise, Min et al. (2017) found that 

pharmaceutical companies are increasingly reporting on environmental, social, and economic 

aspects. The authors also conclude that corporate sustainability reporting should be viewed as a 

long-term investment because it improves reputation and profitability as well as helps in 

stakeholder management by creating positive relationships.  
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Table 1. Description and measurement items of sustainable supply chain management (SSCM) practices (Modified 

from Qorri et al. (2021)).   

Practice Description Exemplary items References 

In
te

rn
al

 S
u

st
ai

n
ab

le
 

M
an

ag
em

en
t 

(C
1

) 

Refers to strategies, 

processes and 

procedures supporting 

intra-organizational 

environmental and 

social objectives.  

• Written sustainability policy promoting 

transparency and ethics 

• Environmental management system adopted, ISO 

9000, ISO 14001, SA8000 and/or ISO 26000 

standards, and regulatory compliance. 

• Top and middle management support and 

commitment to environmental and social 

programs. 

• Cross-functional cooperation for sustainable 

improvements. 

(Abdul-Rashid et al., 

2017; Eltayeb et al., 

2011; Milanesi et 

al., 2020; Vanalle et 

al., 2017; Zhu and 

Sarkis, 2007) 

S
u

st
ai

n
ab

le
 P

u
rc

h
as

in
g

 

(C
2

) 

Reflects the 

importance of 

cooperating with 

suppliers for the 

purpose of developing 

products that are 

environmentally and 

socially sustainable. 

• Select suppliers who control hazardous 

substances and have or are obtaining standards 

such as ISO 14001, OHSAS 18000, ISO 9000, 

SA8000, and/or ISO 26000. 

• Environmental and social audit of suppliers’ 

internal management practices. 

• Cooperation with suppliers for improving 

environmental and social practices to achieve 

sustainability goals. 

(Govindan et al., 

2013; Kannan et al., 

2014; Mujkic et al., 

2019; Tachizawa et 

al., 2015; Vanalle et 

al., 2017) 

S
u

st
ai

n
ab

le
 P

ro
d

u
ct

 D
es

ig
n

 

(C
3

) 

The design of 

products/drugs with 

environmental and 

social objectives and 

impacts in mind during 

their entire lifecycle. 

• Design products for reuse, recycle, recovery of 

material and component parts.  

• Design products to reduce or eliminate the use of 

harmful/hazardous and toxic materials. 

• Design products/drugs to store at room 

temperature and to reduce storage area needed in 

transportation. 

• R&D of products following green chemistry 

principles. 

• Provide design specifications to partners that 

include environmental and social requirements 

for purchased items. 

(Abdul-Rashid et al., 

2017; Chaturvedi et 

al., 2017; Ding, 

2018; Eltayeb et al., 

2011; Esfahbodi et 

al., 2017; Zhu and 

Sarkis, 2007, 2004) 

S
u

st
ai

n
ab

le
 P

ro
d

u
ct

io
n

 

(C
4

) 

All activities 

implemented that 

require less energy and 

resource use and 

minimize 

environmental impacts 

in manufacturing 

processes.  

• Use of pollution prevention and energy-efficient 

technologies 

• Use of Industry 4.0 manufacturing technologies 

and practices that reduce raw material 

consumption, land, water, pollution, waste, and 

effluents 

• R&D for sustainable and continuous production 

innovation. 

(Abdul-Rashid et al., 

2017; Esfahbodi et 

al., 2017; Li and 

Hamblin, 2016) 
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S
u

st
ai

n
ab

le
 P

ac
k

ag
in

g
 a

n
d

 

D
is

tr
ib

u
ti

o
n

 

(C
5

) 

Any means of 

transportation from 

suppliers to 

manufacturers to final 

customers with the 

purpose of having the 

minimal harmful 

impacts and packaging 

usage. 

• Cooperate with vendors to standardize and 

downsize packaging and to use renewable energy 

in transportation. 

• Promote ecological materials and adopt reusable 

and recycled packaging.  

• Use of alternative fuel vehicles and collaborative 

warehouses. 

• Combine modes of transportation and upgrade 

freight logistics to minimize negative 

environmental impacts. 

• Customer feedback regarding the use of green 

transportation.  

(Çankaya and Sezen, 

2019; Eltayeb et al., 

2011; Gardas et al., 

2019; Meherishi et 

al., 2019; 

Nematollahi et al., 

2018) 

C
u

st
o

m
er

 S
u

st
ai

n
ab

le
 

C
o

o
p

er
at

io
n
 

(C
6

) 
 

 

Working with customers 

(wholesalers, 

pharmacies, and 

patients) to better 

understand and integrate 

their sustainability 

perspectives and 

assuring high-quality 

medicines.  

• Cooperation with customers for sustainable 

purchasing. 

• Customer cooperation for sustainable design and 

production 

• Customer cooperation for green distribution and 

packaging. 

• Customer cooperation for reverse logistics. 

• Cooperation with customers for improving 

quality of products 

(Çankaya and Sezen, 

2019; Esfahbodi et 

al., 2017; Zahiri et al., 

2017; Zhu and Sarkis, 

2007) 

R
ev

er
se

 L
o

g
is

ti
cs

 

(C
7

) 

Include activities that 

aim at taking products 

back or materials from 

consumers to 

manufacturers for the 

purposes of reuse or 

recycling.  

• Retrieve returned and recalled drugs and 

materials for recycling, reusing, and safe 

disposal. 

• Waste management policies and waste collectors 

• Reprocessing of the used products by the 

company. 

(Eltayeb et al., 2011; 

Rao and Holt, 2005; 

Sroufe, 2003; 

Viegas et al., 2019) 

In
v

es
tm

en
t 

R
ec

o
v

er
y
 

(C
8

) 

Reflects the 

importance of 

capturing value 

through resell and 

reuse of used materials. 

• Sale of excessive capital equipment. 

• Sale of scrap and used materials 

• Sale of excessive inventories or materials 

(De Giovanni, 2012; 

Viegas et al., 2019; 

Zhu and Sarkis, 

2004) 

S
o

ci
al

 P
ra

ct
ic

es
 

fo
r 

E
m

p
lo

y
ee

s 

(C
9

) 

 

Firm’s efforts to 

induce socially 

responsible behavior in 

its own operations and 

the operations of its 

partners. 

• Respect human rights and create non-

discrimination workplace  

• Provide training, education, and fair 

compensation for all workers 

• Embrace gender equality, justice, and diversity 

inclusion 

• Provide safe and healthy working conditions 

(Aras et al., 2018; 

Chaturvedi et al., 

2017; Das, 2017; 

Mani et al., 2016; 

Milanesi et al., 

2020) 

S
o

ci
al

 p
ra

ct
ic

es
  

fo
r 

co
m

m
u

n
it

y
 

(C
1

0
) 

Firm’s investments in 

surrounding 

community in terms of 

generation of 

employment and 

business opportunities, 

providing education, 

training, healthcare 

facilities etc. 

• Supporting projects facilitating local 

communities’ development 

• In compliance with anti-corruption and anti-

bribery laws 

• Enhancement of well-being and rights of people 

in community 

• Expanding affordability and accessibility of 

drugs 

• Improving safety and quality of medicines 

produced and served 

(Das, 2017; Mani et 

al., 2016; Milanesi 

et al., 2020; Viegas 

et al., 2019; Xie and 

Breen, 2012) 
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Utilizing data from sustainability reports, several studies have analyzed sustainability practices, 

metrics, trends, and performance outcomes. For example, utilizing data collected from 12 

sustainability reports, Aras et al. (2018) proposed a sustainability performance evaluation model 

for Turkish banks. Environmental indicators reported by pharmaceutical companies are reviewed 

by Veleva et al. (2003). In their study, Demir and Min (2019) showed that sustainability reporting 

in the pharmaceutical sector outperforms other industries, but certain discrepancies exist among 

companies in the content of their disclosures.  

Since sustainability assessment is complex, and this study aims to develop a new method which 

considers qualitative, quantitative, and partial data for each SC partner, we employ fuzzy logic 

concepts, which will be discussed subsequently. 

3. Preliminaries 

In the SC context, decision-making is a complex process due to imprecise data, incomplete 

information and uncertainties of human thinking and reasoning (Kumar et al., 2019). The natural 

language used by experts to express judgments and perceptions is uncertain, subjective, vague, or 

all three (Govindan et al., 2013). To deal with the subjectivity and vagueness of human judgment, 

Zadeh (1965) proposed fuzzy set theory. Decision-makers or experts express their preferences in 

the fuzzy set theory using linguistic terms. An expert using linguistic terms such as high, medium, 

low etc., can provide evaluation for different problems (e.g., sunny weather). Likewise, in many 

other situations, crisp numbers are insufficient to model real world systems as for example in 

supplier selection problem where performance weights cannot be assigned precisely (Kannan et 

al., 2014). Thus, there is a need to apply fuzzy set theory concepts to solve such problems. In our 

study, a triangular fuzzy number is used as membership function, because it captures the vagueness 

of the linguistic assessments, it is intuitively easy for the decision makers to use and calculate (Erol 
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et al., 2011) as well as it is very commonly used in practical applications. In the following we 

present some definitions of fuzzy numbers (dos Santos et al., 2019; Govindan et al., 2013; Kannan 

et al., 2014; Şengül et al., 2015) used in our study. 

Definition 1. A fuzzy set is defined as a set of ordered pairs (𝑋, 𝑓) where 𝑋 is a nonempty set 

and 𝑓: 𝑋 → [0,1] is a membership function. The 𝑋 is called universe of discourse and for each 

element 𝑥 in 𝑋, the value 𝑓(𝑥) is called the grade/degree membership of 𝑥 in (𝑋, 𝑓). The 

function 𝑓 = 𝜇𝐴̃(𝑥) is called the membership function of the fuzzy set 𝐴̃ = (𝑋, 𝜇𝐴̃(𝑥)|𝑥 ∈ 𝑋). 

Definition 2. The 𝛼 − cut (𝛼 − level set) of a fuzzy number 𝑎̃ is defined as  

𝑎̃ 𝛼 = {𝑥 ∈ 𝑋 | 𝜇𝑎̃(𝑥) ≥ 𝛼},where 𝛼 ∈ [0,1] (1) 

Definition 3. A triangular fuzzy number can be represented by a triplet 𝑎̃ =

(𝑎1, 𝑎2, 𝑎3) where 𝑎1, 𝑎2, and 𝑎3 are real numbers and 𝑎1 ≤ 𝑎2 ≤ 𝑎3 as illustrated in 

Figure 1. The degree of membership function 𝜇𝑎̃(𝑥) of a triangular fuzzy number 𝑎̃ is defined 

as:  

𝜇𝑎̃(𝑥) =  

{
 
 

 
 
𝑥 − 𝑎1
𝑎2 − 𝑎1

,   𝑎1 ≤ 𝑥 ≤ 𝑎2

𝑎3 − 𝑥

𝑎3 − 𝑎2
,   𝑎2 ≤ 𝑥 ≤ 𝑎3 

0,      𝑥 < 𝑎1, 𝑥 > 𝑎3 

 (2)  

 

Figure 1. Membership function 𝜇𝑎̃(𝑥) of triangular fuzzy number 𝑎̃ = (𝑎1, 𝑎2, 𝑎3) . 
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Definition 4. Given any positive real number k and two positive fuzzy triangular numbers 𝑎̃ =

(𝑎1, 𝑎2, 𝑎3) and 𝑏̃ = (𝑏1, 𝑏2, 𝑏3), the main operations are expressed as follows: 

𝑎̃ + 𝑏̃ = (𝑎1 + 𝑏1,  𝑎2 + 𝑏2, 𝑎3 + 𝑏3) (3) 

𝑎̃ − 𝑏̃ = (𝑎1 − 𝑏1,  𝑎2 − 𝑏2, 𝑎3 − 𝑏3) (4) 

𝑎̃ ∗ 𝑏̃ = (𝑎1 ∗ 𝑏1,  𝑎2 ∗ 𝑏2, 𝑎3 ∗ 𝑏3) (5) 

𝑎̃/𝑏̃ = (𝑎1/𝑏1,  𝑎2/𝑏2, 𝑎3/𝑏3) (6) 

𝑎̃−1 = (
1

𝑎1
,
1

𝑎2
,
1

𝑎3
) (7) 

𝑘 ∗ 𝑎̃ = (𝑘 ∗ 𝑎1, 𝑘 ∗ 𝑎2, 𝑘 ∗ 𝑎3) (8) 

− 𝑎̃ = (−𝑎1, −𝑎2, −𝑎3) (9) 

Definition 5. The distance between two fuzzy triangular numbers 𝑎̃ = (𝑎1, 𝑎2, 𝑎3) and 𝑏̃ =

(𝑏1, 𝑏2, 𝑏3) using the vertex method is calculated as:  

𝑑(𝑎̃, 𝑏)̃ = √1/3[(𝑎1 − 𝑏1)2 + (𝑎2 − 𝑏2)2 + (𝑎3 − 𝑏3)2] (10) 

Definition 6. Assume that a decision group consist of k members (𝐷1, 𝐷2, . . , 𝐷𝑘), and the fuzzy 

rating of each decision maker can be represented as a positive triangular fuzzy number 𝑅̃𝑠 =

(𝑎𝑠, 𝑏𝑠, 𝑐𝑠), (𝑠 = 1,2, … 𝑘) with membership function 𝜇𝑅̃(𝑥). Then the aggregated fuzzy rating 

can be defined as: 

𝑅̃ = (𝑎, 𝑏, 𝑐), where   𝑎 = min
𝑠
𝑎𝑠 , 𝑏 =

1

𝑘
∑ 𝑏𝑠, and   𝑐 = max

𝑠
𝑐𝑠

𝑘

𝑠=1
, 𝑠 = 1,2, … 𝑘 (11) 

A linguistic variable is expressed with words or sentences in natural or artificial language. As such, 

it is useful for providing approximate characterization of phenomena that are too complex or ill-

defined to be described in conventional quantitative terms (Zadeh, 1965). In the fuzzy set theory, 
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conversion scales are applied to transform the linguistic terms into fuzzy numbers. In this study, 

we will use a scale of 1–9 to rate the criteria (SSCM practices) as shown in Table 2.  

Table 2. Linguistic terms for the alternative ratings. 

Linguistic 

expression 

Fuzzy 

numbers 
Description 

Very Poor (VP) (1, 1, 3) Very little and sparse information provided. 

Poor (P) (1, 3, 5) Brief statements and some information provided. 

Fair (F) (3, 5, 7) More substantial information with some detail provided. 

Good (G) (5, 7, 9) Good coverage provided with some detail missing. 

Very Good (VG) (7, 9, 9) Extensive information with lots of detail provided. 
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4. Methodology 

The methodology section of this paper includes both qualitative and quantitative data analysis 

techniques including Content Analysis, Experts Evaluations, fuzzy Entropy and fuzzy TOPSIS. 

For the sake of clarity, the analysis procedure is divided into five phases shown in Figure 2. While 

the first phase—criteria identification (SSCM practices) is presented in the Literature review 

section, other phases are discussed in detail in the following sub-sections.  

 

 

 

 

 

 

Figure 2. Five-phase research methodology. 

 

4.1. Sample selection and data collection 

Since pharmaceutical firms are seen as the leader in SC sustainability initiatives (Demir and 

Min, 2019) and managing, measuring, and reporting sustainability performance is essential for 

pharmaceutical companies (Qorri et al., 2018; Schneider et al., 2010), as well as sustainability 

reports can be considered to indicate the actual (accurate) sustainability performance (Papoutsi and 

Sodhi, 2020) of the company, we have chosen to analyze data collected from such reports.  

Phase 1 – Criteria identification  Through Literature Review  

Phase 2 –Sample Selection  GRI database and inclusion rules 

Phase 3 – Obtaining criteria values  Content Analysis and Expert Ratings  

Phase 4 – Determining criteria weights Fuzzy Entropy  

Phase 5 – Performance measurement  Fuzzy TOPSIS  
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In this study, sustainability reports were retrieved from GRI Database 

(https://database.globalreporting.org/search/) using following inclusion criteria:  

• The sustainability report is categorized in the sector of healthcare products 

• The sustainability report is prepared in accordance with the latest GRI Standards 

• The sustainability report is published by a European pharma firm 

• The sustainability report is published from a large or multi-national enterprise (MNE) 

• The sustainability report discloses information for 2017, 2018, or 2019  

The last search for reports was conducted in the end of 2020 and returned 25 sustainability 

reports. Whenever, more than one report was available for a specific company, we selected the 

newest published sustainability report. Next, we skimmed and partly read the content of 

downloaded reports, after which, eight reports were dropped because they were not written in 

English. Likewise, to ensure some comparability between companies in terms of revenues, number 

of employees etc., we were forced to further filter downloaded reports. Therefore, we decided to 

retain only reports from companies that fall in range of net sales between one to five billion dollars 

and employ between 3000 and 9500 workers. This process yielded a final number of six 

sustainability reports shown in Table 3. 

 Table 3. A summary of sustainability reports used in the study. 

Company Country 
Reporting 

Year 
Number of 

pages 
Number of 
employees 

Net sales in 
millions $ 

Chiesi Group Italy 2019 156 5854 1993 

ConvaTec Great Britain 2019 54 9197 1827 

LEK Sandoz Slovenia 2018 94 4084 1061 

Orion Finland 2019 59 3265 1051 

Richter 
Gedeon 

Hungary 2017 43 7036 1437 

UCB Belgium 2019 241 7606 4784 
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In the next phase, these reports are analyzed and assessed independently by three scholars who 

have been actively publishing in environmental and sustainable operations and SC management 

literature for more than 20 years. After explaining and discussing the aim and the methodology of 

this study through several meetings, we asked these experts to read and evaluate each sustainability 

report according to linguistic terms shown in Table 2 for each SSCM practices presented in Table 

1. In addition, to increase the reliability of evaluations obtained from experts, we cleaned each 

report from data that can be used to identify the company. Likewise, to increase the reproducibility 

and consistency of ratings, we asked experts to evaluate sustainability reports twice with two 

weeks gap between evaluations. No significant differences were noted between two independent 

assessments. Hence, we believe that the assessment of criteria (SSCM practices) is as objective as 

possible.  

However, since information disclosed in sustainability reports vary in format and content, as 

well as human judgments and preferences are often complex and vague, we guided our experts to 

use linguistic ratings during their evaluation. Consequently, to analyze the retrieved data, we 

employ fuzzy Entropy to calculate criteria weight and fuzzy TOPSIS to rank companies based on 

their sustainability disclosure.  

4.2. Fuzzy Shannon’s Entropy based on 𝜶 − 𝒔𝒆𝒕𝒔 

There are several methods for determining criteria weights in multi attribute decision making 

(MADM) literature. However, no single method can guarantee an accurate result and determine 

what the true weight is (Erol et al., 2011). While subjective weighting methods (e.g., Delphi 

method, AHP, expert survey) take decision makers’ experiences and opinions into the account in 

criteria weighting process, in objective weighting methods (e.g., entropy, multiple objective 
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programming), criteria weights are estimated from mathematical models and algorithms without 

any consideration of the decision maker’s preferences.  

In this study, to overcome the shortage of subjective weighting methods, the entropy method is 

used to calculate objectively the weights of SSCM practices. The entropy concept is proposed by 

Shannon (1948) and has wide applications in physics, mathematics, social sciences (Şengül et al., 

2015), and recently in operations management literature (dos Santos et al., 2019). Lotfi and 

Fallahnejad (2010) extended the Shannon’s entropy for the interval and fuzzy data cases. Steps to 

determine criteria weights using fuzzy Shannon’s Entropy are as follows:  

Step 1:  Arrange the initial decision matrix: Suppose there are m alternatives (rows) to 

evaluate and n evaluation criteria (columns) structured in a matrix 𝐷 = (𝑥𝑖𝑗)𝑚𝑥𝑛, 

where each 𝑥𝑖𝑗 is a fuzzy triangular number.  

Step 2:  Transform fuzzy data into interval data using the α-level sets: To find the 𝛼 −cut 

of a fuzzy triangular number 𝑎̃ = (𝑎1, 𝑎2, 𝑎3), we use Equation (1). First, we set 𝛼 equal 

to the left and right membership function of 𝑎̃ using Equation (2) and solve for x, then 

we can write the fuzzy interval in terms of 𝛼 −set interval as: 

𝑎̃𝛼 = [ 𝛼 ∗ (𝑎2 − 𝑎1) + 𝑎1, 𝛼 ∗ (𝑎2 − 𝑎3) + 𝑎3] (12) 

Step 3:  Normalization of decision matrix: Criteria of decision matrix should be normalized 

due to unit differences with the following equations: 

𝑝𝑖𝑗
𝑙 =

𝑥𝑖𝑗
𝑙

∑ 𝑥𝑖𝑗
𝑢𝑚

𝑖=1

, 𝑝𝑖𝑗
𝑢 =

𝑥𝑖𝑗
𝑢

∑ 𝑥𝑖𝑗
𝑢𝑚

𝑖=1

, 𝑖 = 1,… ,𝑚;  j = 1,… , n (13) 

Step 4:   Calculate the lower bound (ℎ𝑗
𝑙) and upper bound (ℎ𝑗

𝑢) of interval entropy with the 

following equations: 



 

24 

 

ℎ𝑗
𝑙 = 𝑚𝑖𝑛 {−ℎ0∑ 𝑝𝑖𝑗

𝑙 𝑙𝑛
𝑚

𝑖=1
𝑝𝑖𝑗
𝑙 , −ℎ0∑ 𝑝𝑖𝑗

𝑢 𝑙𝑛
𝑚

𝑖=1
𝑝𝑖𝑗
𝑢 } , j = 1,… , n ( ) 

ℎ𝑗
𝑢 = 𝑚𝑎𝑥 {−ℎ0∑ 𝑝𝑖𝑗

𝑙 𝑙𝑛
𝑚

𝑖=1
𝑝𝑖𝑗
𝑙 , −ℎ0∑ 𝑝𝑖𝑗

𝑢 𝑙𝑛
𝑚

𝑖=1
𝑝𝑖𝑗
𝑢 } , j = 1, … , n (14) 

where is ℎ0 = 1/ ln𝑚, and 𝑝𝑖𝑗
𝑙 𝑙𝑛 𝑝𝑖𝑗 

𝑙 or 𝑝𝑖𝑗
𝑢 𝑙𝑛 𝑝𝑖𝑗 

𝑢 is defined as 0 if 𝑝𝑖𝑗
𝑙 = 0 or 𝑝𝑖𝑗

𝑢 = 0  

Step 5:  Calculate the lower bound (𝑑𝑗
𝑙) and upper bound (𝑑𝑗 

𝑢) of degree of diversification 

as follows: 

𝑑𝑗
𝑙 = 1 − ℎ𝑗

𝑢,  𝑑𝑗
𝑢 = 1 − ℎ𝑗

𝑙 ,   𝑗 = 1,… , 𝑛 (15) 

Step 6:  Calculate the lower bound (𝑤𝑗
𝑙) and upper bound (𝑤𝑗 

𝑢) of interval weight with the 

following equations: 

𝑤𝑗
𝑙 =

𝑑𝑗
𝑙

∑ 𝑑𝑠
𝑢𝑛

𝑠=1

, 𝑤𝑗
𝑙 =

𝑑𝑗
𝑢

∑ 𝑑𝑠
𝑙𝑛

𝑠=1

, j = 1,… , n (16) 

The averages between 𝑤𝑗
𝑙 and 𝑤𝑗 

𝑢 for each criteria generates the final weight that will be used 

in the TOPSIS to rank the alternatives. It is worthy to note that the higher the entropy weight is, 

the more important the criteria is considered. 

4.3. Fuzzy TOPSIS 

The technique for order preference by similarity to ideal solution (TOPSIS) is proposed by 

Hwang and Yoon (1981). This method aims to choose the shortest distance from the positive ideal 

solution that maximizes the benefit and the longest distance from the negative-ideal solution that 

maximizes cost. Govindan et al. (2013) lists several advantages of TOPSIS compared with other 

techniques (e.g., AHP/ANP) including the avoidance of pairwise comparison and a relatively 

simple computation process. To deal with incomplete and inaccurate information TOPSIS is 

combined with the fuzzy set theory by many researchers and applied in many real word problems 
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such as supplier selection (Kannan et al., 2014; J. Li et al., 2019), assessing renewable energy 

systems (Şengül et al., 2015), evaluating sustainable transportation systems (Awasthi et al., 2011) 

and measuring corporate sustainability performance (Aras et al., 2018). Hence, we use fuzzy 

TOPSIS in our study to measure sustainability performance of pharmaceutical SC by assessing 

SSCM practices reported in sustainability reports. Steps involved in calculating fuzzy TOPSIS are 

as follows: 

Step 1:  Construct the fuzzy decision matrix 𝐷̃ composed of m alternatives and n criteria, 

where fuzzy values 𝑥̃𝑖𝑗 = (𝑎, 𝑏, 𝑐) denote the rating of alternative 𝐴𝑖  with respect to 

criterion 𝐶𝑗 .  

𝐷̃ =  
𝐴1
⋮
𝐴𝑚

[
𝑥̃11 ⋯ 𝑥̃𝑛
⋮ ⋱ ⋮
𝑥̃𝑚1 ⋯ 𝑥̃𝑚𝑛

] , 𝑖 = 1,… ,𝑚;  j = 1,… , n (17) 

Step 2:  Normalize the fuzzy decision matrix denoted by 𝑅̃ using the following formulas:  

𝑅̃ = [𝑟̃𝑖𝑗]𝑚x𝑛, 𝑖 = 1,… ,𝑚;  j = 1,… , n  (18) 

where  

𝑟̃𝑖𝑗 = (
𝑎𝑖𝑗

𝑐𝑗
+ ,
𝑏𝑖𝑗

𝑐𝑗
+ ,
𝑐𝑖𝑗

𝑐𝑗
+) , 𝑐𝑗

+ = max
𝑖
𝑐𝑖𝑗  and 𝑗 belongs to benefit criteria (19) 

 and 

𝑟̃𝑖𝑗 = (
𝑎𝑗
−

𝑐𝑖𝑗
,
𝑎𝑗
−

𝑏𝑖𝑗
,
𝑎𝑗
−

𝑎𝑖𝑗
) , 𝑎𝑗

− = min
𝑖
𝑎𝑖𝑗  and 𝑗 belongs to cost criteria (20) 

Step 3:  Calculate the weighted normalized decision matrix denoted by 𝑉̃ using the 

following formulas:  

𝑉̃ = [𝑣̃𝑖𝑗]𝑚x𝑛, 𝑖 = 1,… ,𝑚;  j = 1,… , n  (21) 
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where elements of this matrix are calculated using 𝑣̃𝑖𝑗 = 𝑟̃𝑖𝑗⊗ 𝑤̃𝑗, and 𝑤̃𝑗 represents the 

weight of criterion 𝐶𝑗. 

Step 4:  Determine the fuzzy positive ideal solution (FPIS, 𝑨+) and fuzzy negative ideal 

solution (FNIS, 𝑨−) using the following formulas:  

𝐴+ = (𝑣1
+, 𝑣2

+, … , 𝑣𝑛
+) (22) 

𝐴− = (𝑣1
−, 𝑣2

−, … , 𝑣𝑛
−) (23) 

where 𝑣𝑗
+ = max

𝑖=1,..,𝑚
𝑣̃𝑖𝑗 and 𝑣𝑗

− = min
𝑖=1,..,𝑚

𝑣̃𝑖𝑗,   j = 1,2, … , n. 

Step 5:  Calculate the distance of each alternative from FPIS and FNIS using the following 

formulas: 

𝑑𝑖
+ =∑𝑑(𝑣̃𝑖𝑗 , 𝑣1

+), 𝑖 = 1,2, … ,𝑚 

𝑛

𝑗=1

(24) 

𝑑𝑖
− =∑𝑑(𝑣̃𝑖𝑗 , 𝑣1

−), 𝑖 = 1,2, … ,𝑚 

𝑛

𝑗=1

(25) 

where 𝑑(𝑣̃𝑖𝑗, 𝑣1
+) 𝑎𝑛𝑑 𝑑(𝑣̃𝑖𝑗 , 𝑣1

−) are distances between two fuzzy numbers and are 

calculated using Equation (10). 

Step 6:  Compute the closeness coefficient (𝑪𝑪𝒊) of each alternative using the following 

equation:  

𝐶𝐶𝑖 =
𝑑𝑖
−

𝑑𝑖
+ + 𝑑𝑖

− , 𝑖 = 1,… ,m (26) 

Step 7:  Rank the alternatives  After the closeness coefficients are determined, alternatives are 

ranked in descending order based on 𝐶𝐶𝑖 values. Clearly, the closer the value of 𝐶𝐶𝑖 is 

to 1 (approaches FPIS), the respective alternative 𝐴𝑖 is more feasible (better) for the 

decision-maker to select it. 
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5. Application of the proposed methodology 

In the SC context, measuring sustainability performance is complex as each firm in a chain should 

be assessed (Qorri et al., 2018). To address this complexity, in the following we examine the 

practicality and the effectiveness of the proposed approach to assess the sustainability performance 

of the pharmaceutical SCs. Initially, three experts evaluated independently the degree of 

information disclosed in sustainability reports for each criteria (SSCM practices) presented in 

Table 1 using linguistic terms given in Table 2. These ratings by experts for the alternatives 

(sustainability reports) are given in Tables 4a, 4b, and 4c.  

Table 4a. Evaluation of sustainability reports by the first expert. 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

Chiesi Group (A1) VG VG VG G F G G VP VG VG 

ConvaTec (A2) VG G VG VG G F F P VG VG 

LEK Sandoz (A3) VG G G F G F F P G G 

Orion (A4) VG VG VG VG G G G VP VG G 

Richter Gedeon (A5) G F F G G P P P G F 

UCB (A6) VG G G G F G G F VG VG 

Table 4b. Evaluation of sustainability reports by the second expert. 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

Chiesi Group (A1) G VG G VG F G F P VG G 

ConvaTec (A2) VG VG G VG G G G P VG VG 

LEK Sandoz (A3) G G G G G F F VP VG G 

Orion (A4) VG VG G VG G F G F VG G 

Richter Gedeon (A5) G G F G F P F P G G 

UCB (A6) VG G G VG F G F P VG VG 

Table 4c. Evaluation of sustainability reports by the third expert. 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

Chiesi Group (A1) G VG VG G F G F P VG G 

ConvaTec (A2) VG VG G VG G F G P VG VG 

LEK Sandoz (A3) VG G F F G F F P G G 

Orion (A4) VG VG G VG VG G VG P VG G 

Richter Gedeon (A5) G F F G G P P P G F 

UCB (A6) VG G VG G F G G F VG VG 
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Next, we converted linguistic terms into triangular fuzzy numbers according to conversion scales 

given in Table 2, and then using Equation (11) we calculated aggregated fuzzy ratings, which are 

shown in Table 5.  

 

Once we obtained the aggregated fuzzy evaluations of alternatives, we used the interval Shannon's 

Entropy method to determine weights of ten criteria (SSCM practices). In the subsequent sections, 

the calculations were done using MS Excel 2019. 

5.1. Weight determination of SSCM practices 

The fuzzy data in Table 5 are transformed into interval data using Equation (12) by setting 𝛼 =

0.9. Next, using Equation (13) the normalized interval decision matrix is determined and shown 

in Table 6. 

Table 6. The normalized interval decision matrix. 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

A1 [0.15, 0.15] [0.19, 0.19] [0.18, 0.19] [0.16, 0.17] [0.12, 0.13] [0.19, 0.20] [0.15, 0.17] [0.11, 0.13] [0.18, 0.18] [0.16, 0.17] 

A2 [0.18, 0.18] [0.17, 0.18] [0.17, 0.18] [0.19, 0.19] [0.17, 0.18] [0.15, 0.17] [0.17, 0.18] [0.14, 0.16] [0.18, 0.18] [0.19, 0.19] 

A3 [0.16, 0.17] [0.15, 0.15] [0.14, 0.15] [0.12, 0.13] [0.17, 0.18] [0.14, 0.15] [0.13, 0.14] [0.11, 0.13] [0.15, 0.15] [0.15, 0.16] 

A4 [0.18, 0.18] [0.19, 0.19] [0.17, 0.18] [0.19, 0.19] [0.19, 0.20] [0.17, 0.19] [0.20, 0.22] [0.14, 0.17] [0.18, 0.18] [0.15, 0.16] 

A5 [0.13, 0.14] [0.12, 0.13] [0.11, 0.12] [0.15, 0.15] [0.15, 0.17] [0.08, 0.09] [0.09, 0.11] [0.14, 0.16] [0.13, 0.14] [0.12, 0.13] 

A6 [0.18, 0.18] [0.15, 0.15] [0.17, 0.18] [0.16, 0.17] [0.12, 0.13] [0.19, 0.20] [0.17, 0.18] [0.20, 0.23] [0.18, 0.18] [0.19, 0.19] 

 

Table 5. Aggregated evaluation of sustainability reports. 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

A1 (5, 7.67, 9) (9, 9, 9) (5, 8.33, 9) (5, 7.67, 9) (3, 5, 7) (5, 7, 9) (3, 5.67, 9) (1, 2.33, 5) (9, 9, 9) (5, 7.67, 9) 

A2 (9, 9, 9) (5, 8.33, 9) (5, 7.67, 9) (9, 9, 9) (5, 7, 9) (3, 5.67, 9) (3, 6.33, 9) (1, 3, 5) (9, 9, 9) (9, 9, 9) 

A3 (5, 8.33, 9) (5, 7, 9) (3, 6.33, 9) (3, 5.67, 9) (5, 7, 9) (3, 5, 7) (3, 5, 7) (1, 2.33, 5) (5, 7.67, 9) (5, 7, 9) 

A4 (9, 9, 9) (9, 9, 9) (5, 7.67, 9) (9, 9, 9) (5, 7.67, 9) (3, 6.33, 9) (5, 7.67, 9) (1, 3, 7) (9, 9, 9) (5, 7, 9) 

A5 (5, 7, 9) (3, 5.67, 9) (3, 5, 7) (5, 7, 9) (3, 6.33, 9) (1, 3, 5) (1, 3.67, 7) (1, 3, 5) (5, 7, 9) (3, 5.67, 9) 

A6 (9, 9, 9) (5, 7, 9) (5, 7.67, 9) (5, 7.67, 9) (3, 5, 7) (5, 7, 9) (3, 6.33, 9) (1, 4.33, 7) (9, 9, 9) (9, 9, 9) 
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Finally, interval entropy values (ℎ𝑗
𝑙, ℎ𝑗

𝑢), interval diversification values (𝑑𝑗
𝑙 , 𝑑𝑗

𝑢), and interval 

weight boundaries (𝑤𝑗
𝑙 , 𝑤𝑗

𝑢) are computed using Equations (14) – (16) and shown in Table 7. 

Table 7. Interval entropy, diversification, and boundaries. 

  

 𝜶 = 𝟎. 𝟗 𝜶 = 𝟎. 𝟓 𝜶 = 𝟎. 𝟏 

[𝒉𝒍, 𝒉𝒖] [𝒅𝒍, 𝒅𝒖] [𝒘𝒍, 𝒘𝒖] 𝒘𝒋 [𝒘𝒍, 𝒘𝒖] 𝒘𝒋 [𝒘𝒍, 𝒘𝒖] 𝒘𝒋 

C1 [0.986, 0.998] [0.002, 0.014] [0.005, 0.189] 0.0973  [0.000, 1.486] 0.7432  [0.000, 3.966] 1.9832 

C2 [0.974, 0.994] [0.006, 0.026] [0.016, 0.351] 0.1834  [0.001, 2.453] 1.2268  [0.000, 6.339] 3.1695 

C3 [0.966, 0.994] [0.006, 0.034] [0.018, 0.472] 0.2447  [0.003, 3.595] 1.7985  [0.001, 9.511] 4.7559 

C4 [0.975, 0.995] [0.005, 0.025] [0.014, 0.343] 0.1787  [0.001, 2.448] 1.2244  [0.000, 6.339] 3.1694 

C5 [0.962, 0.993] [0.007, 0.038] [0.019, 0.517] 0.2680  [0.003, 3.917] 1.9602  [0.001, 10.126] 5.0640 

C6 [0.945, 0.983] [0.017, 0.055] [0.048, 0.754] 0.4008  [0.009, 4.907] 2.4578  [0.004, 12.319] 6.1615 

C7 [0.946, 0.989] [0.011, 0.054] [0.031, 0.745] 0.3885  [0.004, 5.376] 2.6899  [0.001, 13.774] 6.8878 

C8 [0.920, 0.989] [0.011, 0.080] [0.031, 1.089] 0.5598  [0.005, 8.143] 4.0740  [0.003, 20.108] 10.055 

C9 [0.990, 0.998] [0.002, 0.010] [0.006, 0.142] 0.0739  [0.000, 1.020] 0.5100  [0.000, 2.657] 1.3284 

C10 [0.974, 0.995] [0.005, 0.026] [0.015, 0.353] 0.1838  [0.001, 2.475] 1.2379  [0.000, 6.352] 3.1760 

 

In the following step, these criteria weights obtained from interval Shannon’s Entropy are used in 

the proposed fuzzy TOPSIS to rank sustainability performance scores.  

 

5.2. Ranking firms based on Fuzzy TOPSIS 

For the TOPSIS method, the criteria should be classified in Cost or Benefit Criteria. According to 

the definition of SSCM practices given in Table 1, all criteria (C1-C10) fall under the benefit 

category. Hence, using data from Table 5 as decision matrix and applying Equation (19), the 

normalized fuzzy decision matrix is obtained and shown in Table 8.  
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Table 8. Normalized fuzzy decision matrix. 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

A1 
(0.556, 

0.852, 1) 
(1, 1, 1) (0.556, 

0.926, 1) 
(0.556, 

0.852, 1) 
(0.333, 

0.556, 0.778) 
(0.556, 

0.778, 1) 
(0.333, 

0.630, 1) 
(0.143, 
0.333, 
0.714) 

(1, 1, 1) (0.556, 
0.852, 1) 

A2 
(1, 1, 1) (0.556, 

0.926, 1) 
(0.556, 

0.852, 1) 
(1, 1, 1) (0.556, 

0.778, 1) 
(0.333, 

0.630, 1) 
(0.333, 

0.704, 1) 
(0.143, 
0.429, 
0.714) 

(1, 1, 1) (1, 1, 1) 

A3 
(0.556, 

0.926, 1) 
(0.556, 

0.778, 1) 
(0.333, 

0.704, 1) 
(0.333, 

0.630, 1) 
(0.556, 

0.778, 1) 
(0.333, 
0.556, 
0.778) 

(0.333, 
0.556, 
0.778) 

(0.143, 
0.333, 
0.714) 

(0.556, 
0.852, 1) 

(0.556, 
0.778, 1) 

A4 
(1, 1, 1) (1, 1, 1) (0.556, 

0.852, 1) 
(1, 1, 1) (0.556, 

0.852, 1) 
(0.333, 

0.704, 1) 
(0.556, 

0.852, 1) 
(0.143, 

0.429, 1) 
(1, 1, 1) (0.556, 

0.778, 1) 

A5 
(0.556, 

0.778, 1) 
(0.333, 

0.630, 1) 
(0.333, 
0.556, 
0.778) 

(0.556, 
0.778, 1) 

(0.333, 
0.704, 1) 

(0.111, 
0.333, 
0.556) 

(0.111, 
0.407, 
0.778) 

(0.143, 
0.429, 
0.714) 

(0.556, 
0.778, 1) 

(0.333, 
0.630, 1) 

A6 
(1, 1, 1) (0.556, 

0.778, 1) 
(0.556, 

0.852, 1) 
(0.556, 

0.852, 1) 
(0.333, 

0.556, 0.778) 
(0.556, 

0.778, 1) 
(0.333, 

0.704, 1) 
(0.143, 

0.619, 1) 
(1, 1, 1) (1, 1, 1) 

 

Next, using Equation (21) and criteria weights from interval Shannon’s Entropy, the weighted 

normalized decision matrix is obtained and shown in Table 9. 

Table 9. Weighted normalized fuzzy decision matrix. 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

A1 

(0.054, 
0.083, 
0.097) 

(0.183, 
0.183, 
0.183) 

(0.136, 
0.227, 
0.245) 

(0.099, 
0.152, 
0.179) 

(0.089, 
0.149, 
0.208) 

(0.223, 
0.312, 
0.401) 

(0.129, 
0.245, 
0.388) 

(0.080, 
0.187, 
0.400) 

(0.074, 
0.074, 
0.074) 

(0.102, 
0.157, 
0.184) 

A2 

(0.097, 
0.097, 
0.097) 

(0.102, 
0.170, 
0.183) 

(0.136, 
0.208, 
0.245) 

(0.179, 
0.179, 
0.179) 

(0.149, 
0.208, 
0.268) 

(0.134, 
0.252, 
0.401) 

(0.129, 
0.273, 
0.388) 

(0.080, 
0.240, 
0.400) 

(0.074, 
0.074, 
0.074) 

(0.184, 
0.184, 
0.184) 

A3 

(0.054, 
0.090, 
0.097) 

(0.102, 
0.143, 
0.183) 

(0.082, 
0.172, 
0.245) 

(0.060, 
0.113, 
0.179) 

(0.149, 
0.208, 
0.268) 

(0.134, 
0.223, 
0.312) 

(0.129, 
0.216, 
0.302) 

(0.080, 
0.187, 
0.400) 

(0.041, 
0.063, 
0.074) 

(0.102, 
0.143, 
0.184) 

A4 

(0.097, 
0.097, 
0.097) 

(0.183, 
0.183, 
0.183) 

(0.136, 
0.208, 
0.245) 

(0.179, 
0.179, 
0.179) 

(0.149, 
0.228, 
0.268) 

(0.134, 
0.282, 
0.401) 

(0.216, 
0.331, 
0.388) 

(0.080, 
0.240, 
0.560) 

(0.074, 
0.074, 
0.074) 

(0.102, 
0.143, 
0.184) 

A5 

(0.054, 
0.076, 
0.097) 

(0.061, 
0.116, 
0.183) 

(0.082, 
0.136, 
0.190) 

(0.099, 
0.139, 
0.179) 

(0.089, 
0.189, 
0.268) 

(0.045, 
0.134, 
0.223) 

(0.043, 
0.158, 
0.302) 

(0.080, 
0.240, 
0.400) 

(0.041, 
0.058, 
0.074) 

(0.061, 
0.116, 
0.184) 

A6 

(0.097, 
0.097, 
0.097) 

(0.102, 
0.143, 
0.183) 

(0.136, 
0.208, 
0.245) 

(0.099, 
0.152, 
0.179) 

(0.089, 
0.149, 
0.208) 

(0.223, 
0.312, 
0.401) 

(0.129, 
0.273, 
0.388) 

(0.080, 
0.347, 
0.560) 

(0.074, 
0.074, 
0.074) 

(0.184, 
0.184, 
0.184) 
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Finally, distance of each company to FPIS and FNIS, closeness coefficient and ranks are obtained, 

using Equations (22) – (26) and shown in Table 10. 

Table 10.TOPSIS ranking of sustainability performance scores.  
 

   

  

𝜶 = 𝟎. 𝟗  𝜶 = 𝟎. 𝟓  𝜶 = 𝟎. 𝟏 

𝒅+ 𝒅− 𝑪𝑪𝒊 Rank  𝒅+ 𝒅− 𝑪𝑪𝒊 Rank  𝒅+ 𝒅− 𝑪𝑪𝒊 Rank 

A1 0.966 1.282 0.570 4  6.806 8.782 0.563 4  17.240 22.432 0.565 4 

A2 0.876 1.362 0.608 3  6.098 9.389 0.606 3  15.384 24.006 0.609 3 

A3 1.151 1.117 0.492 5  8.010 7.725 0.491 5  20.330 19.739 0.493 5 

A4 0.798 1.487 0.651 1  5.558 10.279 0.649 1  14.006 26.230 0.652 1 

A5 1.360 0.963 0.415 6  9.392 6.705 0.417 6  23.872 17.116 0.418 6 

A6 0.878 1.416 0.617 2  6.155 9.757 0.613 2  15.598 24.848 0.614 2 

According to the results obtained from Table 10, the pharmaceutical company with the most 

sustainable SC is Orion Pharma (A4), followed by UCB corporation (A6), CovaTec (A2), Chiesi 

Group (A1), LEK-Sandoz (A3), and Richter Gedeon (A5). To examine robustness of the results 

from the proposed method, in the following section we perform a sensitivity analysis.  

5.3. Sensitivity analysis 

To consider the impact of the criteria weights in assessing sustainability performance of pharma 

SCs for analyzed companies, a sensitivity analysis is performed. The sensitivity is checked by 

using different alpha cutting levels (𝛼 = 0.9;  𝛼 = 0.5; 𝑎𝑛𝑑 𝛼 = 0.1), which generates various 

criteria weights as shown in Table 7. These weights are used to investigate ranking of companies 

obtained in fuzzy TOPSIS method. According to the results shown in Table 10, changing alpha 

cutting levels generates different criteria weights but the sustainability performance scores did not 

vary significantly.  
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To further investigate the ranking of companies when different criteria and/or different decision-

makers are selected, we have considered 12 additional cases. The details and results of these cases 

are shown in Table 11 and Figure 3. Although such results show the ranking of companies is 

slightly changed, it is evident that the fourth company (A4) is generally selected with the most 

sustainable SC. Therefore, the sensitivity analysis indicates that the proposed fuzzy Entropy and 

fuzzy TOPSIS methodology is promising and produces consistent results. 

 

 

Figure 3. Results of sensitivity analysis. 
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Table 11. Details and results of cases generated for sensitivity analysis.  

Case Decision criteria Decision makers Firm ranking (respectively) 

Initial Case  C1, C2, C3, C4, C5, C6, C7, C8, C9, C10 DM1, DM2, DM3 A4, A6, A2, A1, A3, A5 

Case 1 C1, C2, C3 DM1, DM2, DM3 A4, A1, A2, A6, A3, A5 

Case 2 C4, C5, C6 DM1, DM2, DM3 A4, A2, A1, A6, A3, A5 

Case 3 C7, C8, C9, C10 DM1, DM2, DM3 A6, A4, A2, A1, A3, A5 

Case 4 C9, C10 DM1, DM2, DM3 A2, A6, A1, A4, A3, A5 

Case 5 C1, C2, C3, C4, C5, C6 DM1, DM2, DM3 A4, A2, A1, A6, A3, A5 

Case 6 C1, C2, C3, C7, C8, C9, C10 DM1, DM2, DM3 A4, A6, A2, A1, A3, A5 

Case 7 C1, C2, C3, C9, C10 DM1, DM2, DM3 A2, A6, A4, A1, A3, A5 

Case 8 C4, C5, C6, C9, C10 DM1, DM2, DM3 A2, A4, A6, A1, A3, A5 

Case 9 C1, C2, C3, C4, C5, C6, C7, C8 DM1, DM2, DM3 A4, A6, A2, A1, A3, A5 

Case 10 C1, C2, C3, C4, C5, C6, C7, C8, C9, C10 DM1 A6, A2, A4, A1, A3, A5 

Case 11 C1, C2, C3, C4, C5, C6, C7, C8, C9, C10 DM2 A4, A2, A6, A1, A3, A5 

Case 12 C1, C2, C3, C4, C5, C6, C7, C8, C9, C10 DM3 A4, A6, A2, A1, A3, A5 
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6. Discussion 

Since SSCM practices play a significant role in achieving sustainable development (Govindan 

et al., 2013), the measurement and assessment of SCs sustainability is attracting more attention, 

but the evaluation of sustainability performance is difficult (Aras et al., 2018). Existing 

measurement approaches lack to consider all three sustainability aspects or are focused on 

measuring sustainability performance only between suppliers and manufacturers, but not across 

all SC echelons (Qorri et al., 2018; Schöggl et al., 2016). In this context, the aim of this study was 

to propose a method to assess the performance of a supply chain by considering all member firms 

and sustainability dimensions. By combining Content Analysis, Expert ratings, fuzzy Entropy, and 

fuzzy TOPSIS, we developed a novel approach to measure sustainability performance of a SC 

from suppliers to consumers to reverse logistics providers.  

While fuzzy logic allows the integration of vague, qualitative, interval values, and subjective 

data (Pavláková Dočekalová et al., 2017), MCDM techniques allow the ranking of alternatives by 

considering together multiple criteria (e.g., environmental, social, and economic aspects) 

(Govindan et al., 2013) and thus they are combined in our study. This is in line with current 

literature, where it has been argued that sustainability assessment is a MCDM problem (Diaz-

Balteiro et al., 2017). Therefore, the accuracy and quality of results obtained by the proposed 

solution can be seen as more robust because the model considers the inherent subjectivity and 

uncertainty of data collected in assessing sustainability.  

The proposed approach is demonstrated and validated utilizing data collected from six 

sustainability reports published by pharmaceutical companies. Initially, three experts evaluated the 

extent of sustainability disclosure for each SC practice given in Table 1 using fuzzy terms shown 
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in Table 2. The retrieved evaluations were aggregated and used as inputs in fuzzy interval 

Shannon’s Entropy to determine criteria weight (SSCM practices), which are then used in fuzzy 

TOPSIS to obtain sustainability performance scores for each company. Thus, the obtained findings 

allow to determine the most sustainable company and can be used to compare and benchmark 

sustainability performance of SCs. Furthermore, the proposed method can be used to better 

understand the complexities involved in assessing sustainability of a SC. 

In SSCM literature the combination of fuzzy logic with MCDM methods is used frequently to 

study problems related to sustainability assessment including green supplier selection (dos Santos 

et al., 2019; Govindan et al., 2013), sustainable transportation systems (Awasthi et al., 2011), 

materiality assessment in sustainability reporting (Calabrese et al., 2016), and corporate 

sustainability performance assessment (Wicher et al., 2019). However, the scope of such studies 

is narrower compared with our study, as they examine few subsets of the SC sustainability 

performance. In contrast, we consider the end-to-end SC, and thus we believe that the results of 

our study extend SSCM literature and respond to research and practical needs (Beske-Janssen et 

al., 2015; Büyüközkan and Karabulut, 2018; Qorri et al., 2018) for developing a practical and 

usable methodology for assessing sustainability performance of SCs.  

Additionally, to the best of our knowledge, only three studies (Erol et al., 2011; Olugu and 

Wong, 2012; Uygun and Dede, 2016) attempted to build an overall SC sustainability assessment 

framework based on fuzzy logic. However, the proposed solutions fall short in terms of 

applicability and comprehensiveness because they are based on either limited number of metrics 

that are not (and cannot be) standardized among firms and industries (Ahi and Searcy, 2015; Qorri 

et al., 2018) or are not designed for scalability and flexibility as well as fail to consider multi-

dimensional aspects of sustainability. Given that our proposed methodology is based on SSCM 
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practices and not on specific indicators or metrics as sustainability measurement criteria and it 

incorporates vague and subjective data stemming from environmental, social, and economic 

aspects, it has a significant advantage over existing measurement approaches. Thus, the proposed 

solution enables the sustainability performance assessment in an integrated and multidimensional 

manner, providing flexibility and comprehensiveness. Such features are useful for decision-makers 

and scholars alike.  

Sensitivity analysis was performed to measure the influence of criteria weights and experts on 

the final ranking, using different alpha-cutting levels of fuzzy data in the Entropy method. From 

the definition of Equation (1), the 𝛼 value ranges between 0 and 1. In this paper, we used alpha 

values (𝛼 = 0.1, 0.5, 0.9) that are mostly adopted in literature (Lotfi and Fallahnejad, 2010; Şengül 

et al., 2015). Utilizing these values in the fuzzy interval Shannon's Entropy, various criteria 

weights are obtained, which are used to investigate the ranking of companies in fuzzy TOPSIS. A 

MCDM model is said to be robust if the final ranking remains stable or variations are in an 

acceptable range, after changing weights of some criteria (Govindan et al., 2013; Yazdani et al., 

2019). In our study, since changes in the sustainability performance rankings in Table 10 and in 

Table 11 are minimal, we can say that the proposed method is robust and generates consistent 

results. Similar findings are reported by other scholars who used fuzzy Entropy and Fuzzy TOPSIS 

to address problems such as green supplier selection (dos Santos et al., 2019; Govindan et al., 

2013) and ranking renewable energy supply systems (Şengül et al., 2015). It is also important to 

note that we used only objective criteria weights (obtained from fuzzy Entropy). The reason to not 

use subjective weighting methods (e.g., asking experts to rate the importance of each criteria) was 

to avoid vagueness, impreciseness, and other subjective factors (e.g., knowledge, background, 

experience) involved with human judgment. 
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Clearly, the proposed method in our study depends also on the number of SC echelons. For 

instance, if we assume that the downstream SC practices (e.g., C6-Customer Sustainable 

Cooperation, C7-Reverse Logistics, and C8-Investment Recovery) for examined firms are not 

relevant or there is no data available, the final ranking would have been changed to 

A2>A4>A6>A1>A3>A5 from initial ranking A4>A6>A2>A1>A3>A5. Therefore, although, we 

developed the proposed method from the perspective of the extended SC, and which was suitable 

for large pharmaceutical companies, other firms in different sectors may have different SC 

configurations that could consist of fewer (or more) echelons. However, the proposed 

methodology can be easily applied by simply adopting SSCM practices (Table 1) accordingly to 

the context, whereas the overall procedure and calculation steps remain untouched. This feature of 

modularity makes the proposed methodology unique in SSCM literature and helps in overcoming 

several issues of previous sustainability assessment frameworks that are sparsely used in practical 

applications (Qorri et al., 2018), and are hard to be adopted and fail to “talk to each other” 

(Büyüközkan and Karabulut, 2018).  

Based on the results obtained from fuzzy TOPSIS method, sustainability performance scores 

of each company can be used to identify problems with SSCM practices and to implement 

necessary corrective actions for sustainability improvements. Likewise, these scores can be used 

to monitor and compare sustainability performance of SCs between companies and to provide 

insights about the extent of sustainability disclosure by each company in their sustainability report. 

Hence, we can claim that the proposed method is theoretically sound and practically applicable for 

the assessment of sustainability performance and presents a significant contribution to the 

literature. 
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6.1. Managerial and policy implications 

The results of this study have some implications for managers and policymakers. First, by 

providing a list of evaluation criteria (SSCM practices), managers can better understand the 

concept of sustainability and focus their resources on measuring and managing sustainability 

performance than on developing new assessment methods. Second, the sustainability scores 

obtained are helpful for managers to discover which criteria are the most important for their SC, 

and to identify which SC partner(s) is(are) well or poorly aligned with the company's 

environmental and social objectives. Third, the proposed multi-criteria assessment method 

produces comparable results, which can be complemented with managers’ intuition for more 

informed and justifiable decisions. Such scores can also be used to benchmark SCs. Similarly, 

these results can serve investors that consider acquisitions in the industry and other stakeholders 

to better understand the sustainability performance of a company and its SC as well as its progress 

towards sustainable development. Although assisting managers to identify opportunities and 

problems both within their company and across SC is essential to improve the sustainability 

performance, we acknowledge the fact that sustainability scores obtained from the proposed 

method should not be seen as the final answer, but as part of the overall learning and improvement 

process. 

Finally, the findings have some policy implications as well. Using the proposed method to 

assess environmental, social, economic performance of a SC might provide guidance for 

policymakers on evaluating the impact of their policies. Specifically, governments might further 

tailor their policy measures, incentives, environmental policies, and regulations to promote the 

adoption of sustainable initiatives by rewarding top performers or imposing higher green taxes on 

companies that are hesitant to adopt social and environmental initiatives into their SCs. Likewise, 
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the proposed method can be used by regulators to develop systematic sustainability disclosure 

guidelines. 

7. Conclusion 

Existing sustainability assessment methods lack effective ways of dealing with incomplete and 

qualitative information (Büyüközkan and Karabulut, 2018; Qorri et al., 2018) and traditional 

mathematical tools of crisp data are insufficient for capturing the vague nature of sustainability 

(Pavláková Dočekalová et al., 2017). Hence, there is a strong need to develop new performance 

measurement approaches that incorporate all sustainability aspects and integrate quantitative and 

qualitative data including vague and subjective evaluations by managers/experts. Benefiting from 

the combination of (1) fuzzy logic which allows the integration of vague data (e.g., some social 

measures cannot be expressed by numeric values) into the model through linguistic variables, and 

(2) MCDM techniques that deal with decision problems characterized with many decision criteria 

such as sustainability assessment (Diaz-Balteiro et al., 2017), we proposed a practical solution. 

Specifically, by combining Content Analysis, Expert ratings, fuzzy Shannon’s Entropy, and fuzzy 

TOPSIS, we developed a novel approach to measure sustainability performance of a SC from 

suppliers to consumers to reverse logistics providers. The proposed solution enables a 

comprehensive assessment of SC sustainability performance and provides high-level modularity 

for utilizing in different SC configurations. Indeed, the outcomes from the proposed method can 

support decision-makers to signal and identify early potential sustainability performance problems 

across the entire SC.  

7.1. Limitations and Future Research  

As in any other study, the findings of this paper should be considered in the light of its 

limitations. First, although, we tried to identify the most relevant criteria through extensive 
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literature review, there could be other criteria that we have omitted. Second, we have determined 

only objective criteria weights using fuzzy Entropy method and did not consider subjective weights 

because experts have different opinions, work experience and knowledge. However, Joshi and 

Kumar (2018) developed a method which combines both subjective and objective weights to rank 

alternatives following the VIKOR technique. Finally, due to the lack of availability of data needed 

for application of the proposed method, we used data derived from sustainability reports. But this 

does not imply that the proposed method is depended on data obtained from sustainability reports. 

On the contrary, one can apply the proposed method in any context as long required data for SSCM 

practices are available. Furthermore, we did not cross-check whether the data disclosed in 

sustainability reports represent the actual sustainable performance, but rather we assumed that the 

data provided in these reports are accurate and asked experts to assess such information and 

employed fuzzy Entropy and fuzzy TOPSIS to deal with incomplete preferences of experts.  

The recognition of these limitations constitutes the basis for the development of future work. 

Other possible techniques including ANP/AHP, VIKOR, MULTIMOORA, and DEMATEL can 

be used in the future research. The results obtained from such methods could be compared with 

findings presented in this study. Furthermore, we are planning to use the Fuzzy VIKOR method in 

another study to measure sustainability performance of SCs. Future research could also examine 

what kind of information should be disclosed by companies (e.g., in sustainability reports) for 

easier application of the proposed method. Likewise, future research can study other approaches 

to determine the extent of sustainability disclosure in sustainability reports or to ask managers to 

evaluate criteria used to measure sustainability performance. Finally, in future studies it is also 

important to extend the proposed approach with other more advanced Pythagorean Fuzzy 

developments including Pythagorean fuzzy interactive Hamacher power aggregation operators 
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(Wang et al., 2021), Pythagorean fuzzy TOPSIS (Rani et al., 2020), and Entropy Measure for 

Linguistic Pythagorean Fuzzy Sets (N. Li et al., 2019). The results obtained from such methods 

could be compared with findings of this study.  
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