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management: Measuring the relative effectiveness of hard 

dimensions 

 
Abstract: Adopting green practices in supply chains contribute towards protecting the 

environment. For the successful adoption of Environmentally Sustainable Supply Chain 

Management (ESSCM), the dimensions related to technology, strategy and policy etc., termed 

as hard dimensions in the scholarly literature, play a significant role. However, the independent 

influence of these dimensions on ESSCM has not been previously studied. Therefore, the 

present study aims to fill this gap and evaluate the effectiveness of these dimensions. To do 

this, the most significant dimensions are identified through a thorough literature review and 

experts’ inputs. To determine their priority and cause-effect relationship, a combined approach 

of Best Worst Method (BWM) and Decision-Making Trial and Evaluation Laboratory 

(DEMATEL) is used. The analysis indicates that ‘Total Quality Management’, and 

‘Technologies for Cleaner Production’, are the most important causal dimensions and provides 

several insights to the decision-makers to formulate robust business strategies to the adoption 

of ESSCM. 

Keywords: Environmentally sustainable supply chain management; Technology; Business 

strategy; Best worst method; DEMATEL; Carbon emissions. 

 

1. Introduction  

 

Business are increasingly focusing upon implementation of sustainable business practices 

(such as sustainable purchasing, green manufacturing, green SCM etc.) in order to gain higher 

long-term sustainability and valuation in global context (Govindan et al., 2015; Tseng et al., 

2018). Current literature indicates a positive association of business performance and green 

management practices (Pullman et al., 2009; Jabbour et al., 2015; Abdul-Rashid et al., 2017; 

Singla et al., 2018). Due to more emphasis upon environmental sustainability, supply chain and 

operations management research have gain importance. A number of recent articles suggested 

a broader systems approach, hence connecting various stakeholders, towards environmental 

supply chain management (Golicic and Smith, 2013). Environmentally Sustainable Supply 

Chain Management (ESSCM) is a green business practice that not only advocates the 
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significance of sustainable growth but also ensures an augmented overall performance (e.g. 

economic, environment, social, and operation) of the business (Vijayvargy et al., 2017; Singla 

et al., 2018). The concept of ESSCM finds its roots in the growing rate of industrialization that 

has resulted into higher consumption levels and degraded natural resources (Luthra et al., 2016; 

Singla et al., 2018).  

Nowadays, leading businesses are giving a stiff competition to each other by employing 

advanced and innovative practices from Kaizen to customer satisfaction to quality assurance 

etc. in business operations (Abdul-Rashid et al., 2017). Implementing ESSCM helps businesses 

to gain a competitive advantage (Su et al., 2016; Vijayvargy et al., 2017). Conducive working 

conditions, minimized cost, easy exchange of information, are some of the benefits of ESSCM 

adoption (Singla et al., 2018). 

Present work considers Indian context to conduct the current analysis due to the following 

characteristics of this economy: 

• Indian economy is anticipated to become the third-largest consumer economy by 2025 

driven by growing consumption which is estimated to go triple to reach US$ 4 trillion by 

then (IBEF, 2019).  

• The Indian government has taken several initiatives to support the growth of the economy 

such as Make in India with the aim to transform the nation into a design and 

manufacturing hub at the global level. As a fast-growing nation, economic activities are 

expected to further intensify in India.  

• India is particularly more exposed to the consequence of climate change (Mani et al., 

2018). For instance, the average temperature in India can touch as high as 29.1° from the 

current level of 25.1° C by the end of this century, if climate change continues 

uninterrupted (Livemint, 2019). 

• India’s ranking on Global Environmental Index has deteriorated from 141 in the year 

2016 to 177 in the year 2018 (out of 180 countries) due to its failure to lower down the 

emission of greenhouse gases and improve the air quality (Cseindia, 2018). 

• Environmental governance of India is in a poor state due to the failure of implementation 

of environmental laws (Pandey, 2019). For an instance, on the matter of solid waste 

management, Supreme Court has recently expressed disappointment mentioning that 

larger chunk of the states in the country did not take any steps to comply with the orders 

passed by the Court and the directions given by the Ministry of Environment, Forests and 

Climate Change (Pandey , 2019). Additionally, the current literature also indicates the 

https://www.downtoearth.org.in/author/kiran-pandey-2299
https://www.downtoearth.org.in/author/kiran-pandey-2299
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inadequacies of existence and implementation of environmental rules and regulation to 

address environmental issues in India (Singh et al., 2015; Sharma et al., 2016; Gandhi et 

al., 2018). 

 

It is inevitable for Indian economy to further fuel its economic activities. However, science has 

proved that emissions from industries and other human doings are majorly responsible for 

climate change in terms of global warming (livemint, 2019). The World Bank has projected 

that climate change can turn out into a 9.8% decrease in per capita GDP of the more affected 

Indian regions (Mani et al., 2018). Therefore, it becomes quite crucial for India to ensure the 

increasing pace of economic growth and simultaneously, minimizing the harmful effects of its 

economic activities on the environment. Consequently, it is imperative for businesses operating 

in India to take the responsibility of lowering down the environmental footprint of their 

operation along with achieving financial performance. As a result, business organisations in 

India are increasingly focusing upon implementation of sustainable business practices (Mishra 

and Mishra, 2019). 

ESSCM is one such practice that would lead to achieving the stated objective in Indian context. 

In the light of increasing attention on ESSCM among practitioners and academics, Dubey et 

al. (2017) developed a model wherein they combined the hard (technology, strategy, and 

policy-related) and the soft (human-resource-related) dimensions to facilitate its 

implementation. In this study, they proposed an examination and evaluation of these two 

groups of dimensions separately by future studies. There are several benefits of exploring these 

dimensions (hard and soft) separately. Firstly, such analysis may provide a deep and robust 

framework for decision-makers at various levels to understand the influence of specific 

dimensions on ESSCM adoption (Jabbour et al., 2018). Numerous studies have been conducted 

to examine the influence of human-related dimensions in the setting of ESSCM implementation 

(Jabbour et al., 2018; Kumar et al., 2019; Ahuja et al., 2019). On the other hand, there is a 

dearth of studies (as mentioned in literature review section 2.3) that have explored hard 

dimensions which include technology and information paradigm regarding ESSCM 

implementation (Wicki and Hansen, 2019). Moreover, to the best of our understanding, no 

study attempts to explore hard dimensions in Indian setting. Considering prevailing gap in the 

literature, the current work aims to achieve the following objectives:  

• To explore the key dimensions – technology, strategy and policy and their significance 

in ESSCM adoption 
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• To identify the priority and cause-effect group of identified key dimensions and their 

cause-effect relationships 

• To identify vital practical implications and key strategies which may assist decision 

makers to implement a system of ESSCM 

 

To achieve these objectives, the current research study employs a hybrid approach of BWM 

and DEMATEL. BWM is basically employed to rank or prioritization of the selected variables 

(Rezaei, 2015; Rezaei, 2016a). However, this method is not capable of mapping the 

effectiveness of the dimensions via there interrelationship. Therefore, DEMATEL analysis is 

implemented to deduce interrelationships between the dimensions (Bai et al., 2017; Wu et al., 

2018; Tseng et al., 2018). A priority-based analysis leads to minimization of implementation 

cost of strategies to ensure optimum implementation (Luthra et al., 2016; Yang et al., 2019; 

Wicki and Hansen, 2019) and assists managers to craft a more effective action plan and strategy 

for ESSCM adoption (Singla et al., 2018). Therefore, mapping the relative effectiveness of the 

given hard dimensions and cause-effect interrelationship will ensure systematic 

implementation of ESSCM. Knowing about cause variables (which exert influence on other 

variables) will help decision-makers to ensure appropriate planning and execution of strategies 

towards ESSCM adoption. 

This study has six sections. Section 2 provides a comprehensive review. Section 3 puts forward 

the solution methodology. Section 4 documents the application of the proposed framework 

followed by section 5 that presents the result of the study and its practical implications. The 

last section of the study envelops conclusion, unique contributions of the current study and 

proposed further research directions. 

 

2. Literature Review  

 

The first part of this section presents the literature around environmentally sustainable SCM, 

in the second part proposed dimensions are described and the last part is all about research gaps 

and problem definition.   

 

2.1 Environmentally Sustainable SCM  

Traditional supply chain aims at cost reduction and service improvement with little concern 

about the environment and societal dimensions (Uygun and Dede, 2016). However, now 
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business organisations consider environment and society as key stakeholders and, focuses upon 

them also to ensure organisational long-term sustainability along with profit creation (Agi and 

Nishant, 2017; Singla et al., 2018). Therefore, a framework is for incorporating environmental 

concerns in business operations is required (Uygun and Dede, 2016). ESSCM can be defined 

as the embodiment of green practices at every possible step of the supply chain (Mangla et al., 

2016). Cousins et al. (2019) have concluded that ESSCM practices reflect as reduction in 

operational cost as well as better environmental performance. Therefore, organisations can gain 

a competitive edge by adopting ESSCM (Liou et al., 2016; Haq and Boddu, 2017). ESSCM 

aspires for optimal utilization of resources with negligible wastage, therefore ensures optimum 

production and environmental efficiency in operations (Uygun and Dede, 2016). As a result, a 

large number of companies are replacing their conventional SCM model with ESSCM (Ahmad 

et al., 2017; Haq and Boddu, 2017). The current literature proposes ESSCM as a strategy to 

enhance environmental sustainability and to advance the robustness of the supply chain (Luthra 

et al., 2016). Proper implementation of ESSCM can eradicate the ill effects that supply chain 

process leaves on the surroundings in which it operates (Tseng et al., 2019). While the ESSCM 

subsumes different elements of business processes such as the buying, processing and the 

delivery of the final goods to the customer, it also relates to the value of the products which 

have been already exhausted (Luthra et al., 2016; Ahmad et al., 2017).  

Although, ESSCM brings in a wide range of benefits aligning ecological, social, financial, 

governmental, and organizational parameters (Lin, 2013; Mangla et al., 2015) but from the 

industrial standpoint, its implementation is critical (Uygun and Dede, 2016). Therefore, this is 

a case-based study and considers experts recommendations. We consider the case of an Indian 

Automobile giant because the Indian automobile industry is projected to contribute 

significantly in ‘Make in India’ program (Delhi, S. I. N., 2015). Moreover, it is the key driver 

of technological development and macroeconomic growth in India and holds a 7.5% share in 

the nation’s GDP (ICAT, 2019). The Indian automobile industry is demonstrating a remarkable 

growth.  During FY 2018-19, 25 million vehicles were manufactured in India and 3.5 million 

were exported (Cseindia, 2018). Mckinsey and Company has projected that India will become 

the third-largest automotive market in the world by 2026 in terms of volume (MacKay and 

Company, 2018). The automobile industry in India has a competitive edge in terms of 

availability of semi-skilled and skilled labour, increasing income levels, low cost of labour, 

favourable policy framework, infrastructural development, government support etc. The case 

company has expressed the intentions to effectively incorporate green practices in their SCs 
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thus the study’s analysis will help not only the case company but also any company in the 

proper implementation of ESSCM practices.   

As mentioned above in literature, many studies examined that proper implementation of 

ESSCM in an organization demands to focus on both hard (technology, strategy and policy) 

and soft (human-resource-related) dimensions. Therefore, an independent analysis of 

dimensions in both categories is desired to better understand their respective roles in ESSCM 

adoption in order to assist managers/practitioners to craft their action plans accordingly (Kumar 

et al., 2019; Muduli et al., 2020).  

However, current literature does not document enough studies that have investigated strategy, 

technology and policy dimensions, separately and lack of this knowledge may lead to poor 

integration of hard dimensions with ESSCM adoption (Singla et al., 2018). On the other side, 

in today’s competitive business environment, corporates are well aware of the fact that 

organisational commitment towards environment and society is indeed a pre-requisite to have 

a long-term sustainable business (Luthra et al., 2011). Hence, a comprehensive analysis is 

required to develop an understanding of the key role that strategy, technology and policy 

dimensions play in ESSCM implementation. However, researchers have not made warranted 

efforts in this direction (Luthra et al., 2015; Muduli et al., 2020). 

Knowing these key dimensions in the adoption of ESSCM is not sufficient as precise 

information about their priority and interrelationship is required for right business strategy, 

planning and decision making (Luthra et al., 2016; Kumar et al., 2020). Therefore, this study 

also attempts to explore the priority of these dimensions and map their effectiveness by finding 

out the interrelationship between these dimensions. Both BWM and DEMATEL techniques 

have been implemented to address problems from various diverse fields, individually (as shown 

in Table 1 and Table 2).  

However, no study has applied a hybrid BWM-DEMATEL approach to evaluate hard 

dimensions (strategy, technology and policy) of an organisation that is business planning to 

adopt ESSCM. Therefore, the current study attempts to apply a hybrid approach of BWM-

DEMATEL to measure the role of hard dimensions concerning ESSCM adoption by taking the 

case of an Indian automotive company.  

 

2.2 Proposed Dimensions  

Current literature indicates that the dimensions – technology, strategy and policy play a vital 

role in the effective implementation of ESSCM. Following these dimensions are proposed for 
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evaluation based on a careful review of existing literature in the set context (validation of these 

dimensions is discussed in Section 4.2). 

 

2.2.1 Lean manufacturing  

Lean manufacturing concentrates on improving competitiveness through value creation, 

quality improvement, waste minimisation and delivery time optimisation (Piercy and Rich, 

2015; Meera and Chitramani, 2016). A wide range of studies proposes that integration of lean 

manufacturing and ESSCM meets a wide range of sustainability outcomes along with 

improvising productivity and environmental efficiencies (Parveen et al., 2011; Piercy and Rich, 

2015; Meera and Chitramani, 2016). Therefore, the application of lean manufacturing may 

enhance supply chain efficiency (Parveen et al., 2011). Bai et al. (2019) have recently reiterated 

that lean manufacturing triggers improvement in operational as well as environmental 

parameters within organisations. Additionally, Yun et al. (2019) have indicated that lean 

manufacturing helps in enhancing organisation’s social, economic, and environmental 

sustainability.  

 

2.2.2 Total quality management (TQM) 

The basis of TQM is to aspire for continuously improving production process (Yu et al., 2017) 

by minimising the waste during the manufacturing process. TQM aims to improve 

organisational performance by augmenting productivity, quality, profitability, and customer 

satisfaction considering the social, financial, and ecological risks (Alonso et al., 2017). TQM 

requires building state of the art infrastructure and applying the latest technologies to tackle 

obstacles that might interrupt attaining efficiency by minimising wastages (Yu et al., 2017). 

Adoption of ESSCM is embedded within the overall input transformation process (Bhandari et 

al., 2019) and to make that process green, advance technologies are much required (Luthra et 

al., 2016). Therefore, TQM is assumed to remain crucial for adoption of ESSCM.  

 

2.2.3 Supplier relationship management 

Relationship with the supplier has identified a factor for effective adoption of ESSCM 

identified by previous studies (Luthra et al., 2016). A strong relationship with an organisation 

may motivate their suppliers to join the new initiatives taken by the firm and the organisation 

can extend training programmes to educate their suppliers about such initiatives (Parveen et 

al., 2011). Consequently, a strong association between the firm and its suppliers enhances its 

ability to implement innovative strategies to make its supply chain operations eco-friendly 
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(Dubey et al., 2017). Hence, we assume that for adoption of ESSCM by the organisation, 

supplier relationship management plays a key role (Bag et al., 2018; Kumar and Rahman, 2015; 

Luthra et al., 2016).  

 

2.2.4 Technologies for cleaner production 

The production process in itself is crucial to maintain a balance in the production of goods and 

via the usage of improved technologies this process can be made more robust (Piercy and Rich, 

2015; Meera and Chitramani, 2016). Opting cleaner production process helps organisations to 

minimise the discharge of harmful elements during the process. However, due to various issues, 

it is difficult to put this process in place. Often, organisations lack the awareness about such 

technological advancements, implementation of which may bring in more efficiency in their 

production processes with respect to environmental protection (Yu et al., 2017). Moreover, 

cleaner production technologies contribute towards achieving financial and social 

sustainability in addition to environmental sustainability (Bhandari, 2019). Therefore, 

employing technologies for cleaner production is a paramount hard dimension to facilitate 

ESSCM implementation. 

 

2.2.5 Institutional pressures 

Increasing consumer awareness about the environment, ecological consciousness of 

organisations, formulation of strict environmental laws and government policies are not only 

putting pressure on firms to demonstrate commitment towards environment and society but 

also directing them to ESSCM (Ahmad et al., 2017). Institutional pressure is found to have 

crucial implications for adoption of socially sustainable supply chain management (Dubey et 

al., 2017; Kauppi and Hannibal, 2017). In the beginning, organisations were forced to adopt 

sustainable practices, but now they have realised that ESSCM is a sustainable practice that can 

also be taken as a business strategy which works towards bringing in positive reputation and 

performance at one go in today’s competitive market (Andersén et al., 2019). Therefore, 

companies must gain capabilities to manage this pressure and progress to adopt ESSCM as 

well as to strategize modification in current activities to develop sustainable business 

operations. 

 

 

 

2.2.6 Green logistics  



 

Sensitivity: Internal 

Nowadays firms are keeping high motivation levels to create global market value and make the 

business sustainable via adopting green SC practices; wherein, green logistics remains as a 

central construct (Luthra et al., 2016; Petljak et al., 2018). Vargas et al (2018) also identify 

green logistics as key enabler of sustainable supply chain management (SSCM). However, it 

has been quite challenging for the businesses to ensure environmentally friendly transportation 

to reasonable levels (Luthra et al., 2016). Often, green transportation does not receive 

warranted attention because the industry lacks knowledge about the significance of green 

transportation towards environmental protection once it is implemented (Chen et al., 2018). 

Activities related to green logistics are being strategic as well as operational in nature and 

therefore, organisations are required to put more attention and efforts in this direction (Petljak 

et al., 2018). Considering the significance of green logistics, current study assumes it as key 

dimension for adopting ESSCM. 

 

2.2.7 Green purchasing   

For adopting ESSCM, it is imperative that policies that an organisation implement to address 

environmental concerns align with its buying practices (Petljak et al., 2018). Malviya et al. 

(2018) and Vargas et al (2018) have identified green purchasing as determinant of ESSCM 

adoption. The core elements of green purchasing emphasise waste minimisation and increasing 

use of eco-friendly material (Dallasega and Sarkis, 2018; Tseng et al., 2019). Due to the rising 

consciousness of firms towards sustainability, green purchasing has gained huge attention from 

researchers in SC context (Luthra et al., 2016; Petljak et al., 2018).  

 

2.2.8 Innovation 

To be able to replace an existing process with a more efficient one requires some novel thinking 

and an out of the box approach (Luthra et al., 2015). For instance, innovation by employees 

towards waste minimisation, recycling and reuse turned out into improved environmental 

performance at Xerox (Muduli et al., 2020). Sustainability related innovations transmit into 

achievement of sustainability outcomes (social, economic, and environmental) via SSCM 

(Neutzling et al., 2018). Innovations happen when organisations inspire their employees to 

divert from conventional ways of looking at organisational processes, problems and facilitate 

them in bring in changes into the traditional way of paying off their organisational 

responsibilities and duties (Kumar and Rahman, 2015; Luthra et al., 2016). Firms need to 

ensure execution of necessary and periodic changes to promote environmentally friendly 

practices including implementation of ESSCM (Petljak et al., 2018).  
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2.2.9 Green manufacturing 

Green Manufacturing resonates with reduction of hazardous emission during the process of 

converting inputs into outputs while ensuring the quality of the output produced in the process 

(Piercy and Rich, 2015; Meera and Chitramani, 2016). Green manufacturing is considered to 

play a significant role in implementing ESSCM (Malviya et al., 2018). Vargas et al. (2018) 

also acknowledge green manufacturing as a key enabler of SSCM. During the recent past, a 

large number of business organisations have adopted Green Manufacturing and have made 

earnest attempts to imbibe and practice it holistically. Yet, a substantial amount of research is 

required in order to successfully implement Green Manufacturing (Orji and Wei, 2015; Seth et 

al., 2016).  

 

3. Research Methodology 

 

The solution methodology framework is presented in Figure 1.  

[Figure 1 about here] 

 

In the first phase, Identification of hard dimensions relevant for ESSCM implementation is 

done through experts’ inputs and literature resources. Priority ranks and cause-effect 

interrelationship of dimensions is determined in the second phase by using hybrid BWM-

DEMATEL approach.  

There are several benefits of using combined approached, for instance, 1) its help to know the 

priority weight of the factors, 2) interrelationship among the factors can develop, 3) the 

combined approach of BWM-DEMATEL would help the managers to take a better decision 

by knowing the importance of a particular weight but also its relations with other factors. In 

literature, many authors have used this combined approach (Kumar et al., 2019; Govindan et 

al., 2020). Therefore, because of these benefits, to achieve the objectives of this study, a 

combined approach of BWM-DEMATEL is applied. A brief description of these methods is 

presented in the following sections:   
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Figure 1: Methodology framework of the study 

 

3.1 BWM 

While several dimensions are involved in the evaluation, certain problems can occur during 

data collection including a reliable and consistent comparison of pair, respondent fatigue and 

lack of knowledge. Multi-Criteria Decision Making (MCDM) methods are able to handle these 

problems. Jafar Rezaei (2015) developed BWM, which is quite capable of computing the 

weight of each dimension in a multi-dimension problem without putting consistency of results 

at risk (Rezaei et al., 2016). The proposed method gives flexibility to the decision-maker to 

select the best and worst dimensions among all. Table 1 shows applications of BWM reported 

in the recent literature. 

Table 1: Applications of BWM reported in the recent literature 

Author Application area  
Rezaei (2015) Description of Best Worst Method  
Gupta and Barua (2016) Technological innovation for Indian MSMEs 
Rezaei et al (2016) Description of the property of BWM 
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Ahmad et al. (2017) Evaluating external forces affecting the sustainability 
Ahmadi et al. (2017) Assessing the social sustainability in supply chain 
Rezaei et al. (2018) Measuring the logistics performance index indicators 
Shojaei et al. (2018) Airports evaluation 
Yadav et al. (2018) Offshore outsourcing adoption 
Kusi-Sarpong et al. (2018) Supply chain sustainability  
Kumar et al. (2019) Evaluating soft dimensions of green SCM  
Mosayebi et al. (2020) Evaluating university-industry collaboration 

 

Stages involved in BWM calculation process (Rezaei, 2015; Rezaei, 2016a) are provided in 

Appendix A. 

 

3.2 DEMATEL 

The calculation of selected dimensions weights is not the only objective of the current study as 

we also want to measure the interrelationship among these dimensions. For analysing the 

complex causal relationships among various dimensions, DEMATEL is the finest technique 

and was proposed by Fontela and Gabus in 1972. DEMATE helps in understanding the cause-

effect interrelationship among dimensions and in creating a structural model for dimensions 

(Wu et al., 2018). Therefore, DEMATEL is used heavily in the literature (as shown in Table 

2). 

Table 2: Application of DEMATEL reported in the recent literature 

Author Application area  

Bai and Sarkis (2013) Evaluating business process management CSFs  

Büyüközkan and Güleryüz (2016) Energy resources selection  

Bai et al. (2017) Low-carbon practices in SC 

Kumar and Dash (2017) Evaluation of online reputation management 

Bhatia and Srivastava (2018) Examine of external barriers to remanufacturing 

Tseng et al. (2018) Determine corporate sustainability performance 

Wu et al. (2018)  Marketing audit implementation 

Kumar et al. (2019) Evaluating soft dimensions of green SCM  

Ahuja et al. (2019) Evaluating human critical success factors of 

sustainable manufacturing 

Feng and Ma (2020)  Examine service innovation 

Song et al. (2020) Adopting sustainable online consumption 

 



 

Sensitivity: Internal 

For applying DEMATEL, the mathematical calculations steps are presented in Appendix B. 

 

4. Case Example  

 

In this section, a numerical illustration of the proposed framework is presented by using the 

case of real-world automotive manufacturer from an emerging economy i.e. India. The data 

collection, analysis and related results are presented in the following subsections. 

 

4.1 Industrial Background of the Case Company  

The case company is a pioneer automotive manufacturer in India. The company holds 108th 

spot rank in the Forbes list which has helped it to earn a venerable position worldwide. It is 

assiduous regarding its market share and holds a market share of 46 per cent of the Indian 

market, making it the most reliable automobile selling brand of the country. With its copious 

and high-powered network of distributors and service outlets disseminated across the nation, it 

shares the vision of delivering the best in class automobiles to the society and offering 

engineering advanced and best-fitted products to customer needs. The vision is translated into 

reality through its four leading manufacturing plants with a possessing capacity of deploying 

two-wheelers in numbers more than 7.2 million annually. The company rolls out 17 products 

to its customers that are scattered across geographic limits. The case company is dedicatedly 

involved into manufacturing of four-stroke, electric motorcycle and scooters of eclectic engine 

specifications. Proving to be a paragon in the conventional automobile segment within and 

outside the country, the case company now endeavours to branch out its portfolio. In an agile 

fashion, it is now moving ahead in the electric vehicle segment. 

The company is actively putting innovative, environment-friendly and connected activities in 

motion. The company has taken various green initiatives. The company’s focus is on upgrading 

itself via its ESSCM initiatives. The case company’s management is determined to single out 

and analyse the hard dimensions concerning green supply chain. Selected employees from 

supply chain planning, supply chain innovation, operation, logistics, supplier selection and 

procurement-related departments of the case company were contacted. These experts were 

required to fulfil the minimum criteria of holding an experience of more than ten years in 

respective and related departments, and they should be engineering graduate with a 

management degree. 

Current study focuses upon automobile industry in India. Currently, this industry is 

contributing 50% towards Indian manufacturing GDP (Khan, 2019). This industry is 
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characterised by strong backward and forward ties with various other key sectors of the 

economy. Indian automobile exports increased by 14.50% during FY19 and likely to expand 

at a CAGR of 3.05% through 2016-2026; this industry received Foreign Direct Investment of 

US$ 22.35 billion during April 2000 to June 2019 (IBEF, 2020). Moreover, this industry is 

expected to become the leading driver of Make in India campaign (Make in India, 2020) As a 

result, issue of sustainable operations carries a key importance for automobile industry in India. 

Consequently, this sector is amongst the early adopters of various green practices to embrace 

sustainable operations (Khan, 2019). However, it is observed that supply chain operations 

contribute maximum towards the environmental hazardous caused during the production 

process (Centre for Science and Environment, 2020). Therefore, the current study is likely to 

provide important insights to the industry players that are making efforts to minimise their 

environmental footprints by implementing the system of ESSCM.  

 

4.2 Validation of Dimensions 

The dimensions (strategy, technology and policy) that influence ESSCM have been identified 

earlier thorough literature. However, the practical application of these dimensions may vary 

from one organisation to the other. Therefore, experts who meet the set criteria of expert 

selection were contacted separately to check the practical applicability of the identified 

dimensions in the automobile sector. In order to collect expert opinion and feedback on hard 

dimensions in the given setting, a survey questionnaire was designed (as shown in Appendix 

C).  

The experts were required to specify whether a dimension is relevant in adopting ESSCM. The 

flexibility of adding new dimensions was given to the experts. Since experts strongly believe 

that dimension ‘green manufacturing’ is part of other dimensions namely ‘technologies for 

cleaner production’. Therefore, these two dimensions were clubbed together into one for 

further analysis. Moreover, experts found all the eight identified hard dimensions relevant in 

the given context. In this way, we checked the conceptual and practical applicability of all 

selected eight hard namely, Lean manufacturing (D1); Total quality management (D2); 

Supplier relationship management (D3); Technologies for cleaner production (D4); 

Institutional pressures (D5); Green logistics (D6); Green purchasing (D7); and Innovation 

(D8). 

 

4.3 Evaluating Dimensions using BWM-DEMATEL 
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4.3.1 Priority rank of the hard dimensions 

After finalisation of the dimensions, another questionnaire was designed (see phase 2 of the 

questionnaire provided in Appendix C) to collect expert opinions. The experts were asked to 

select the best (the most desirable) and the worst (less desirable) dimensions among all 

according to their expertise and experience. Considering these two, they were asked to do a 

pair-wise comparison with rest other dimensions on a 1-9 scale. The final inputs given by the 

experts are given in Appendix D (Table D1). Table D2, which is given in Appendix D shows 

the best dimension selected by the experts and their pair-wise comparison with other 

dimensions by using a nine-point scale. The experts’ preferences others-to-worst dimensions 

in ESSCM adoption are provided in Appendix D (Table D3). 

After collecting data from experts, the Consistency Ratio (CR) is calculated by using Eq. (5). 

CR values of each expert’s matrix are shown in Table D4 (Appendix D). Since all the values 

are close to zero, it indicates that comparisons are consistent (Rezaei, 2015; Rezaei et al., 2016). 

Final optimal weights were calculated for all nine experts by using Eq. (1) to Eq. (4). Mean 

value of respective weights by each expert was calculated for every dimension to ascertain the 

final weight for all the eight dimensions (as given in Table 3). 

Table 3: Final weights for each hard dimension  

Dimensions Weight Ranking 
Lean Manufacturing (D1) 0.161 3 
Total Quality Management (D2) 0.250 1 
Supplier Relationship Management (D3) 0.125 4 
Technologies for Cleaner Production (D4) 0.166 2 
Institutional Pressures (D5) 0.063 8 
Green Logistics (D6) 0.089 5 
Green Purchasing (D7) 0.065 7 
Innovation (D8) 0.082 6 

 

‘Total Quality Management (D2)’ with highest relative weight takes the topmost rank and 

emerges as the most important dimension. However, Abbas (2020) also indicated that TQM 

has a remarkably positive impact on corporate’s green performance. While, ‘Technologies for 

Cleaner Production (D4)’ score 16.6% and ‘Lean Manufacturing (D1)’ with 16.1% relative 

weights occupy second and third place, respectively. These results are consistent with the 

findings of Silva et al. (2019). They have also acknowledged the crucial significance of 

technologies for cleaner production and lean manufacturing towards attaining higher 

operational, environmental, financial, and social performance via implementing ESSCM. The 
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priority rank of all the eight dimensions taken in the study are given above in Table 3. 

‘Institutional Pressure (D5)’ has attained the last rank in the current analysis indicating the 

weak significance of this dimension. In an empirical analysis Dubey et al. (2015) also found 

similar results. 

 

4.3.2 Causal interrelationships among hard dimensions 

The average matrix of hard dimensions is given in Appendix D (Table D5) that are critical for 

ESSCM implementation is obtained from expert’s inputs thru Eq. (6). After that, the average 

direct matrix is converted into a normalised matrix (U) using Eqs (8-9), given in Appendix D 

(Table D6). Next, the total relation matrix (T) is computed through Eqs. (8) and (9), as shown 

in Appendix D (Table D7). Table 4 shows the impact result by using Eqs. (10) and (11). 

Table 4: Impact results of hard dimensions in ESSCM adoption 

Dimensions R+C R-C Impact 
Lean Manufacturing (D1) 16.269 -1.131 Effect 
Total Quality Management (D2) 15.755 0.731 Cause 
Supplier Relationship Management (D3) 15.782 -0.075 Effect 
Technologies for Cleaner Production (D4) 16.496 0.514 Cause 
Institutional Pressures (D5) 16.845 -0.707 Effect 
Green Logistics (D6) 15.707 -0.491 Effect 
Green Purchasing (D7) 14.341 0.294 Cause 
Innovation (D8) 14.984 0.864 Cause 

 

To avoid minor impact, the threshold value (α) is computed by using Eq. (12).   

1 1 0.986

n n

ij
i j

N

t
α = =

 
 

= =
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To create an interrelationship map among dimensions, all values greater than the threshold are 

used. Figure 2 demonstrates the graphical cause-effect representation of dimensions and the 

corresponding digraph. 
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Figure 2: Causal map of the ESSCM oriented hard dimensions 

 

The interrelationship map as pictured in Figure 2 considered only those values that are > the 

threshold of 0.986. For instance, the total relation matrix (T) i.e. 𝑡𝑡41(1.116) > 𝛼𝛼 (0.986); this 

relationship in the digraph is presented using a solid arrow from D4 to D1 indicates that D4 is 

capable of exerting an impact on D1 whereas, dotted line in the digraph represents the two-way 

relationship between dimensions. DEMATEL classifies the selected dimensions into two 

groups: 1) cause and 2) effect. Cause group dimensions have positive (r-c) value and directly 

impact the other dimensions, therefore decision-makers need to address the variables the join 

this group. Four out of total eight hard dimensions under consideration for the current study 

fall in cause group for the set context namely, ‘Total Quality Management (D2)’; 

‘Technologies for Cleaner Production (D4)’; ‘Green Purchasing (D7)’; and ‘Innovation (D8)’ 

with values of 0.731, 0.514, 0.294 and 0.864, respectively. Whereas, ‘Lean Manufacturing 

(D1)’; ‘Supplier Relationship Management (D3)’; ‘Institutional Pressures (D5)’; and ‘Green 

Logistics (D6)’ belongs to effect group with values -1.131, -0.075, -0.707 and -0.491 in the 

same order. Feng et al. (2018) have acknowledged green purchasing as important variable 

which lead to drive other variables such as supplier relationship management. Dahlmann and 

Roehrich (2019) indicated that supplier relationship management can trigger innovation. 

However, current analysis identifies innovation as cause group variable and supplier 
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relationship management as effect group variable. Similarly, contrary to current findings, Dey 

et al. (2019) found lean practices as more important than innovation. Regarding green logistics, 

our results converge with the findings of Dubey et al (2017). They also observed that green 

logistics is characterised by lower driving power and higher dependence. DEMATEL results 

put institutional pressure into effect group. This finding is contradictory to the results of study 

conducted by Feng et al (2018). They conducted this study in Chinese setting and found 

institutional pressure (from government) of key significance. However, in India government 

control is quite less.  

 

5. Discussion and Implications to Business Practice 

 

BWM analysis indicates the first priority rank to the dimension ‘Total Quality Management 

(D2)’ and DEMATEL analysis also put it into the cause group. These results fairly indicate the 

crucial significance of total quality management system for organisations that aspire to adopt 

ESSCM. Our results regarding this variable fall in line with the existing the literature which 

indicates that for ESSCM adoption, the total quality management system of an organisation is 

not only significant in itself but it also influences the other important dimensions that play a 

key role in ESSCM implementation. Moreover, Figure 2 clearly indicates that total quality 

management directly influences Lean manufacturing (D1), Supplier relationship management 

(D3), Technologies for cleaner production (D4), Institutional pressures (D5), and Green 

logistics (D6) during ESSCM adoption process. Hence, in order to adopt ESSCM to fulfil the 

commitment towards protecting the environment, managers of the case company need to put 

in efforts to have a robust and flexible total quality management system in place that 

complements ESSCM adoption. 

With the weight score of 16.6, the dimension ‘Technologies for Cleaner Production (D4)’ has 

obtained second priority rank and is also a cause group dimension. ESSCM adoption is required 

to be embedded in organisational processes; therefore, in order to have a process that is 

environment friendly, implementation of advance technologies is highly required (Luthra et 

al., 2016). In addition, Figure 2 demonstrates that D4 impacts D1, D2, D3, D5, and D6. Figure 

2 also shows that total quality management and technologies for cleaner production are critical 

hard dimensions for ESSCM adoption. Moreover, total quality management and technologies 

for cleaner production together influence other dimensions and exert influence on each other 

as well. 



 

Sensitivity: Internal 

The hard dimension ‘Innovation (D8)’ is positioned in a cause group and holds the sixth rank 

with a weighted score of 8.2. It can be observed from Figure 2 that D8 is a fundamentally 

significant dimension as it has a spill-over impact on other five hard dimensions (Lean 

manufacturing (D1), Supplier relationship management (D3), Technologies for cleaner 

production (D4), Institutional pressures (D5), and Green logistics (D6)) that are critical for 

ESSCM implementation. 

Another cause group dimension is ‘Green Purchasing (D8)’ and it has obtained the seventh 

rank among all hard dimensions. Green purchasing is a vital part of ESSCM process and play 

a decisive role in obtaining superior performance of GSC (Zhu et al., 2017). The 

interrelationship graph also reveals that this dimension impacts other dimensions also and 

hence, is an important hard dimension from ESSCM implementation standpoint. 

The effect dimensions are ‘Lean Manufacturing (D1)’, ‘Supplier Relationship Management 

(D3)’, ‘Institutional Pressures (D5)’ and ‘Green Logistics (D6)’; and secure third, fourth, eighth 

and fifth ranks, respectively. A change in these dimensions can be triggered by cause group 

dimensions. It is clear from Figure 2 that ‘Lean Manufacturing (D1)’ and ‘Institutional 

Pressures (D5)’ get influenced directly by four causal dimensions. Hence, these are quite 

sensitive dimensions. It can be observed from Figure 2 that ‘Supplier Relationship 

Management (D3)’ and ‘Green Logistics (D6)’ have comparatively smaller distance from the 

causal group and therefore, these variables are less sensitive towards changes in the cause group 

dimensions.  

Decision-maker is required to have an inclusive understanding of the priority ranks of variables 

under considerations and cause-effect relationships between them for planning and execution 

to implement ESSCM in a most appropriate manner. Current work offers support to decision-

makers by providing priority ranks and cause-effect relationships between the eight crucial 

hard dimensions which are expected to play a decisive role in ESSCM adoption by the case 

company.  

 

5.1 Implications to Practice 

The current research provides several insights which can help decision-makers to formulate 

robust business strategies to facilitate environmentally SSCM adoption. Awareness about 

supply chain efficiency has grown remarkably over the last two decades due to pressure from 

stakeholders and government and more importantly because organisations have realised the 

significance of sustainable and eco-friendly supply chain structures in the wake of growing 

environment concerns (Zhu et al., 2017). Findings of the current study are likely to help 
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decision-makers in a variety of ways. There are numerous hard dimensions relating to strategy, 

technology and policy that contribute towards the adoption of ESSCM practices successfully 

(Su et al., 2016). However, the present research has identified the most significant hard 

dimensions applicable in ESSCM implementation framework through literature review and 

experts’ inputs. Hence, it is recommended that decision-makers should focus upon these 

dimensions to achieve the stated objective. 

By applying the hybrid approach, current work provides precise information about the relative 

importance of each hard dimension through their respective priority ranks and their cause-

effect interrelationship. All identified dimensions are categorized into two groups i.e. cause 

and effect. The effect group variables can be modified to the desired state by making changes 

in the cause group variables. Therefore, managers can optimise their efforts by putting more 

emphasis on cause dimensions while keeping a tab on the ranking of dimensions in the process 

of ESSCM implementation in their organisation. For instance, ‘Total Quality Management 

(TQM)’ takes first and ‘Technologies for cleaner production’ holds second priority ranks and 

both are in cause group which make both the variables very crucial for the purpose of planning. 

Therefore, managers must remain diligent and careful about strategizing to put a robust and 

flexible TQM along with most appropriate technologies for cleaner production in place. 

Therefore, organisations that are thriving to implement ESSCM should remove barriers related 

to the adoption of technologies for cleaner production and optimise their TQM system.  

‘Green Purchasing’ is also a cause group dimension. Supplier selection is significant for green 

purchasing. Moreover, organisations should conduct training programs to impart desired 

knowledge and skills to their employees and trade partners to facilitate the translation of the 

green concept into practice. For instance, The Coca-Cola Company has established a robust 

supplier development program to facilitate their supplier to build capabilities and capacity by 

augmenting their awareness about its environmental commitments. The case company can also 

plan training programs on similar lines. 

The case company also needs to focus upon building a culture that promotes innovative 

approach at all levels. Although, the dimension ‘Innovation (D8)’ stands 6th on the priority 

ranking it is a cause group variable. Moreover, Figure 2 indicates that it influences five other 

variables (D1, D3, D4, D5 and D6). And this list of variable contains technologies for cleaner 

production which is a notable cause group variable. And this is to be pointed out here that 

innovation is the only dimension that has a unidirectional influencing relationship with 

technologies for cleaner production. This finding has an implication for the government and 

policymakers also as it’s important to find out new ways to look at and address the 
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environmental issues at the topmost level to be able to deal with it effectively and efficiently. 

‘Green Logistics’ and ‘Lean Manufacturing’ have occupied 5th and 3rd spot in priority ranking 

and both are falling in effect group. Interestingly, both the dimensions are not influencing rest 

others but are influenced by the majority of them. Therefore, decision-makers may not focus 

on working upon these two dimensions but must plan to bring in the other variables in place 

which will lead to not only cost-effectiveness but also streamlining of these two dimensions. 

The current study discovers that institutional pressure is appearing at the bottom in priority 

ranking table and it is an effect group variable also. The study findings offer an interesting 

implication for policymakers. As the results indicate that ‘Institutional pressure’ is not driving 

this organisation to make effort to move towards environmentally sustainable operations, 

therefore, government and policymakers should focus on spreading awareness that degrading 

environment is a cause of concern for everyone and playing a supporting role in helping 

individual and organisations to transit towards sustainable operations.  

Broadly, the current work offers insights for decision-makers at different levels concerning 

optimised planning around hard dimensions and implementation of these plans to ensure 

ESSCM adoption in a unique setting of the Indian economy.  

 

6. Impact and Concluding Remarks 

 

Organisations that are intended to put in efforts towards attaining sustainability at a global level 

are increasingly focusing on ESSCM practices. Such practices are the initiatives taken by firms 

to minimise the harmful impact of the supply chain activities on the environment. In the current 

research, a hybrid BWM-DEMATEL approach is used to prioritise ESSCM oriented hard 

dimensions, and to extract interrelationships among them. At first, key hard dimensions are 

extracted from literature and subsequently, these dimensions are finalised through expert 

validation. Data for the current analysis is collected from an Indian automotive company (case 

company). Current work finds that ‘Total Quality Management’, ‘Technologies for Cleaner 

Production’, ‘Green Purchasing’ and ‘Innovation’ are the most critical dimensions; hence, 

these dimensions must be prioritised over others for efficient ESSCM implementation. In a 

similar manner, outcomes of the current research provide substantial information to decision-

makers to efficiently channelize their effort in order to accomplish ESSCM implementation 

thru hard dimensions. 

The current study carries relevance for all the stakeholders of a business. As business 

operations impact a variety of entities such as owners, employees, trade partners, government, 
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society, environment etc. The interest of each stakeholder is mutually connected. Results of the 

current research are likely to help decision-makers to efficiently run a business while working 

towards enhancing its own sustainability along with minimising the negative effect of supply 

chain operations on the environment. The current study also provides insights to employees at 

different levels to understand how they can contribute toward optimising hard dimensions in 

access to boost organisational sustainability. A sustainable business will generate greater 

business opportunities for its trade partners; and a stream of consistent profits for investors and 

owners for the long term. Hence, owners and investors must extend flexibility to managers to 

formulate strategies to implement ESSCM and suppliers should also join and support 

organisations to move to green supply chain operations. In a nutshell, the outcome of the 

current study will enable each stakeholder to comprehensively understand their respective role 

in driving the identified hard dimensions into the required state and to contribute accordingly 

towards taking leaps towards sustainability via ESSCM implementation.  

The study has few limitations also that can be addressed by researchers in future studies. The 

current work is based on an Indian automotive company. For generalizability, future studies 

can take into account multiple companies and also conduct a comparative analysis. In the same 

context a multi-countries perspectives studies can be conducted in the future. The weights of 

the dimensions are calculated by BWM but other MCDM methods can be employed for the 

same and weights comparison can also be performed in future research. Based on the cause-

effect model further research can be conducted for the development of the hypothesised model.   
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Appendix A 

 
BWM calculation process: 

Step 1. Identify the set of decision dimensions(𝐷𝐷1,𝐷𝐷2, … . . ,𝐷𝐷𝑛𝑛). 
 

Step 2. Identify the most and least preferred dimensions among all. 

 

Step 3. Identify the best dimension over others based on 1-9 scale, the resultant of best-to-

others would be: 

𝐴𝐴𝐵𝐵 = (𝑎𝑎𝐵𝐵1, 𝑎𝑎𝐵𝐵1, … . . ,𝑎𝑎𝐵𝐵𝑛𝑛),                        (1) 

Where, 𝑎𝑎𝐵𝐵𝐵𝐵 indicates the best dimension B over dimension j. 

 

Step 4. Identify the worst dimension, where, 1 for the worst dimension and 9 for the most 

important, the others-to-worst would be: 

𝐴𝐴𝑤𝑤 = (𝑎𝑎1𝑤𝑤 ,𝑎𝑎1𝑤𝑤 , … . . ,𝑎𝑎𝑛𝑛𝑤𝑤)𝑇𝑇,                        (2) 

Where, 𝑎𝑎𝐵𝐵𝑤𝑤 indicates the dimension j over the worst dimension W. 

 

Step 5. Calculate the weight of each dimension. The problem statement is written as: 

min max𝐵𝐵 ��𝑤𝑤𝐵𝐵 −  𝑎𝑎𝐵𝐵𝐵𝐵𝑤𝑤𝐵𝐵�, �𝑤𝑤𝐵𝐵 −  𝑎𝑎𝐵𝐵𝑤𝑤𝑤𝑤𝑤𝑤��  

subject to 

� w𝐵𝐵 = 1
𝑗𝑗

,                       (3) 

𝑤𝑤𝐵𝐵  ≥ 0 𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑗𝑗   

We can solve this by converting its linear programming formulation as under: 

Min ξ* 

Subjected to 

�𝑤𝑤𝐵𝐵 −  𝑎𝑎𝐵𝐵𝐵𝐵𝑤𝑤𝐵𝐵� ≤ ξ , 𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑗𝑗 

�𝑤𝑤𝐵𝐵 −  𝑎𝑎𝐵𝐵𝑤𝑤𝑤𝑤𝑤𝑤� ≤ ξ , 𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑗𝑗 

�w𝑗𝑗 = 1
𝑗𝑗

 

𝑤𝑤𝑗𝑗  ≥ 0 𝑓𝑓𝑓𝑓𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎 𝑗𝑗                       (4) 

The model (4) is a linear programming problem and must have a unique solution.  
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By carrying out the above-mentioned steps, the optimal weights (𝑤𝑤1∗, 𝑤𝑤2
∗

, … . ,𝑤𝑤𝑛𝑛∗) are obtained. 

Taking help from Consistency Index (CI) as shown in Appendix A.2, we can estimate the 

consistency ratio (CR), using ξ* and the corresponding consistency index, as below: 

CR =
ξ∗

𝐶𝐶𝐶𝐶
       (5) 

A value of CR which is closer to zero indicates higher consistency. 
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DEMATEL calculation process: 

Step 1. Recognize the dimensions for the research. 

 

Step 2. Frame the direct relation matrix. The decision makers are requested to evaluate the 

influence among the 𝑛𝑛 dimension (𝑖𝑖, 𝑗𝑗 = 1, …𝑛𝑛) on a scale from 0 to 4 (0 = no influence and 4 

= very high influence). Next, the average direct relation matrix (aij) is formed using Eq.(6): 

aij = 
1

1 H
k

ij
kH x
=
∑  where H is number of experts with 1 ≤ 𝑘𝑘 ≤ 𝐻𝐻                 (6) 

 

Step 3. Prepare a normalized matrix by using Eqs.(5-6): 

,U k A= ×                                                                                                                                         (7) 

1 1

1 1min , , , 1, 2,..... .
max max

n n

i ij j ij
i j

k i j n
a a

= =

 
 
 = =    
         

∑ ∑
                       (8) 

 

Step 4. Compute the total relation matrix (T) using Eq.(9). 

𝑇𝑇 = 𝑈𝑈(𝐶𝐶 − 𝑈𝑈)−1                                    (9)  

Total sum of rows and columns of the T matrix, are obtained by Eqs.(8-9) as below: 

[ ] 1
1 1

n

i ijn
j n

r r t
×

= ×

 
= =  

 
∑                                           (10) 
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[ ]1
1 1

n

i ijn
i n

c c t
×

= ×

 = =   
∑                                           (11) 

Where tij is total relation matrix, for i, j = 1, 2, …., n.  

 

Step 5. In order to obtain the digraph and to eliminate minor effects by Eq.(12).  

1 1

n n

ij
i j

N

t
α = =

 
 

=
∑∑

                                                                                                                       (12) 

Where, 𝑁𝑁 represents all elements in matrix 𝑇𝑇. The values greater than (α) are considered and 

plotted on the digraph. 
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Phase 1 - Validation of hard dimensions questionnaire  

Greetings!!!! 

Dear respondent, present research aims to evaluate the significance of dimensions (strategy, 

technology and policy - related) on the subject of Environmentally Sustainable Supply Chain 

Management (ESSCM) implementation. We have identified the below mentioned dimensions 

through current literature. Please provide your response (0 signifies irrelevance and 1 signifies 

relevance) regarding the applicability of these dimensions concerning ESSCM implementation. 

Kindly add/delete/rephrase/merge the dimensions. 

 

Hard dimensions to ESSCM adoption Response 
Lean Manufacturing   
Total Quality Management   
Supplier Relationship Management   
Technologies for Cleaner Production   
Institutional Pressures    
Green Logistics   
Green Purchasing   
Innovation   
If you want to mention any other specific dimension   
If you want to mention any other specific dimension  
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Phase 2 - Evaluating the hard dimensions  

Dear respondent, present study seeks to explore the significance of dimensions (strategy, 

technology and policy) regarding ESSCM implementation. Please select and place the most 

important dimension from the given list of eight hard dimensions in the first column and 

compare the most important dimension with the rest others on a scale of 1-9.  

The most important dimension  
Lean Manufacturing   
Total Quality Management   
Supplier Relationship Management   
Technologies for Cleaner Production  
Institutional Pressures    
Green Logistics   
Green Purchasing   
Innovation   

 

Subsequently, please select the least important dimension and compare it with the remaining 

dimensions on a scale of 1-9. 

The least important dimension  
Lean Manufacturing   
Total Quality Management   
Supplier Relationship Management   
Technologies for Cleaner Production  
Institutional Pressures    
Green Logistics   
Green Purchasing   
Innovation   

 

 

Causal interrelationships among hard dimensions using DEMATEL 

Dear respondent, we also seek to determine the interrelationships among the stated dimensions 

((strategy, technology and policy) regarding ESSCM implementation. For this purpose, the 

following questionnaire is prepared to measure the interrelationship among these dimensions 

on a 0-4 scale. Please tick (√) in the appropriate box. (“4 = Very high influence” to “0 = No 

influence”)  
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With respect to: The 

Overall Goal 
Compare the influence of one dimension over another 

 

Main dimensions 
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Lean Manufacturing  0                                    

Total Quality 

Management  
     0                          

     

Supplier Relationship 

Management  
          0                     

     

Technologies for Cleaner 

Production 
               0                

     

Institutional Pressures                       0                

Green Logistics                           0           

Green Purchasing                                0      

Innovation                                     0 
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Table D1: Identified best/worst dimensions in ESSCM adoption 

Dimensions Identified as ‘Best’ by the experts Identified as ‘Worst’ by the experts 
D1 2, 5 8, 9 
D2 3, 4, 7, 8  
D3 1  
D4 6, 8  
D5  1, 2, 3, 4, 5, 6, 7 
D6   
D7   
D8   

 
Table D2: Best to other dimensions in ESSCM adoption  

Experts Best D1 D2 D3 D4 D5 D6 D7 D8 
1 D3 3 2 1 5 6 3 4 4 
2 D1 1 2 7 3 8 6 5 4 
3 D2 2 1 3 4 9 6 5 3 
4 D2 3 1 3 5 6 5 5 5 
5 D1 1 2 5 3 8 4 6 7 
6 D4 7 5 3 1 6 4 8 2 
7 D2 2 1 7 8 4 3 6 5 
8 D2 8 1 4 2 5 6 7 3 
9 D4 9 2 3 1 6 4 5 2 

 

Table D3: Others-to-worst dimensions in ESSCM adoption  

Experts 1 2 3 4 5 6 7 8 9 
Worst D5 D8 D8 D8 D8 D8 D8 D1 D1 

D1 3 5 5 5 8 6 6 1 1 
D2 5 5 6 5 7 7 7 7 8 
D3 5 4 4 4 4 4 4 6 7 
D4 4 3 4 4 6 5 5 4 9 
D5 1 1 1 1 1 1 1 5 4 
D6 3 2 3 2 5 3 3 2 5 
D7 3 2 2 2 3 2 2 3 6 
D8 4 3 4 3 2 8 8 8 8 
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Table D4: Consistency analysis  

Experts ABW ξ* CR 
1 6 0.222 0.060 
2 8 0.125 0.042 
3 9 0.319 0.071 
4 6 0.338 0.076 
5 8 0.330 0.074 
6 8 0.315 0.071 
7 8 0.189 0.042 
8 8 0.301 0.067 
9 9 0.331 0.062 

 

 

Table D5: Average matrix of hard dimensions in ESSCM adoption  

Dimensions D1 D2 D3 D4 D5 D6 D7 D8 
D1 0.111 2.889 2.889 2.444 3.111 3.111 2.778 2.000 
D2 2.556 0.222 2.889 3.111 3.333 3.333 3.000 2.778 
D3 3.000 3.222 0.000 3.222 3.222 3.222 1.444 2.667 
D4 2.889 2.889 3.222 0.000 3.667 3.333 2.889 3.111 
D5 3.000 2.667 3.222 3.556 0.000 2.667 2.333 3.222 
D6 2.889 3.000 3.000 2.889 3.444 0.000 1.889 2.222 
D7 5.556 1.444 2.222 2.556 2.444 2.111 0.000 1.778 
D8 2.778 2.667 2.778 2.667 3.556 3.000 2.889 0.000 

 

 

Table D6: Normalized initial direct-relation matrix  

Dimensions D1 D2 D3 D4 D5 D6 D7 D8 
D1 .005 .127 .127 .107 .137 .137 .122 .088 
D2 .112 .010 .127 .137 .146 .146 .132 .122 
D3 .132 .141 .000 .141 .141 .141 .063 .117 
D4 .127 .127 .141 .000 .161 .146 .127 .137 
D5 .132 .117 .141 .156 .000 .117 .102 .141 
D6 .127 .132 .132 .127 .151 .000 .083 .098 
D7 .244 .063 .098 .112 .107 .093 .000 .078 
D8 .122 .117 .122 .117 .156 .132 .127 .000 
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Table D7: Total relation matrix (T) 

Dimensions D1 D2 D3 D4 D5 D6 D7 D8 
D1 0.944 0.924 0.969 0.961 1.067 0.995 0.866 0.844 
D2 1.124 0.891 1.045 1.061 1.160 1.080 0.942 0.940 
D3 1.086 0.969 0.890 1.021 1.109 1.034 0.847 0.898 
D4 1.167 1.024 1.087 0.970 1.204 1.111 0.964 0.978 
D5 1.116 0.971 1.038 1.056 1.011 1.038 0.901 0.938 
D6 1.054 0.934 0.978 0.981 1.085 0.880 0.838 0.857 
D7 1.118 0.845 0.916 0.932 1.011 0.930 0.758 0.807 
D8 1.092 0.954 1.005 1.009 1.127 1.031 0.906 0.799 
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Table E1: Consistency index  

aBW 1 2 3 4 5 6 7 8 9 
CI (max ξ) 0 0.44 1 1.63 2.3 3 3.73 4.47 5.32 
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