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Abstract

Digital technologies have become a cause célèbre among
academics and practitioners as great tools capable of
building resilient and sustainable supply chains. This
chapter provides an overview of the recent developments in
data analytics applications in supply chain resilience (SCR)
and supply chain sustainability (SCS). There has been an
exponential growth of literature on data analytics
applications for SCR and SCS, with a particularly notable
increase observed since 2015. In this systematic literature
review, we find that both SCR and SCS research are
concentrated around five main themes: (1) data analytics
capabilities, (2) role of Industry 4.0, (3) blockchain
adoption, (4) big data analytics, and (5) machine learning.
Closed-loop supply chain design and circular economy are
of unique focus in SCS, while digital twin only emerged as
a research theme in SCR research. The underlying themes
in SCR contexts are more dispersed than in SCS, mostly
due to the comparative maturity of SCS research. In light
of the promising developments in data analytics
applications for SCR and SCS, promising avenues for future
inquiry are the design of effective data-sharing incentive
mechanisms, and the utilization of big data from social
media platforms, yielding valuable insights for both
research and practitioners.

Keywords Data analytics – Artificial intelligence – Supply
chain management – Supply chain resilience – Sustainable
supply chain

1.1 Introduction

The rapid deployment of digital technologies and sensors in
business and production processes has exposed
organizations to the large volumes of data generated daily.
In addition to the large volumes, data are also generated at



an extremely high speed (in fraction of seconds and
minutes) and a variety of formats. This is commonly
referred to as the 3Vs of big data—volume, velocity, and
variety. Other characteristics such as validity, variability,
value, vagueness, veracity, venue, and vocabulary have
since been introduced to provide a more comprehensive
understanding of big data (Tsai et al. 2015). With the
advancement in data analytics tools and techniques,
multiple applications of big data in supply chain
management (SCM) have been leveraged by organizations
across industries. Some of the widely adopted applications
are in manufacturing, warehousing, logistics management
and transportation, procurement, and demand planning
(Nguyen et al. 2018). SCM activities such as supplier
selection and management, sourcing risk and cost
optimization, production planning and control, product R &
D, order picking, inventory control, and demand
forecasting have improved significantly through big data
analytics (Nguyen et al. 2018). Although the SCM literature
devoted a lot of attention to big data analytics (BDA), less
effort has been dedicated to synthesizing these
contributions. This chapter addresses this gap by revisiting
the concept of data analytics in SCM literature, identifying
key conversational landmarks, and discussing future
research avenues.

The core idea of a data analytics system is to collect data
from various predetermined sources, processes them to
extract valuable information, and finally use them to help
organizations and management make informed decisions.
In essence, data analytics involves three core activities: (1)
input generation, (2) data analysis, and (3) output
generation (Tsai et al. 2015). Input generation
encompasses various functions including data collection,
cleaning, selection, preprocessing, and transformation.
Data analysis refers to the use of domain- or context-
specific methods and tools, including artificial intelligence



algorithms and statistical methods for creating valuable
information. Finally, outputs are generated and evaluated
according to performance metrics such as error rates or
accuracy. This chapter provides an overview of the use of
data analytics in the context of supply chain resilience and
sustainability literature.

Supply chain resilience (SCR) and supply chain
sustainability (SCS) have been defined by many scholars.
Tukamuhabwa et al. (2015) have presented 23 definitions
of SCR, while Ahi and Searcy (2013) have presented 12
definitions of SCS and 22 definitions of green supply chain
management (GSCM). In this chapter, SCS and GSCM are
considered synonyms. SCR can be broadly defined as the
ability of a supply chain to return to its original or
improved state within an optimal time and cost frame
following a disruptive event. To achieve SCR, supply chains
must develop specific capabilities that enable them to
proactively prepare for disruptions and promptly react
when they unfold. On the other hand, SCS can be defined
as a supply chain function that considers the three
dimensions of sustainability, namely, economic,
environmental, and social performance dimensions, across
the entire supply chain.

In the following sections of this chapter, we provide an
overview of the published research on data analytics in
SCR and SCS using the science mapping tool in the R
software (Aria and Cuccurullo 2017). First, we examine
publication trends in these topics including the number of
publications by corresponding author countries. Second,
we present the most impactful studies in both contexts,
measured by normalized total citations. Third, we revisit
the definition of resilient and sustainable supply chains
based on the most impactful studies. Fourth, we map the
underlying themes and concepts using keyword co-
occurrence metrics. Finally, we identify the trending topics
and suggest avenues for future research.



1.2 Publication Trends

Research on data analytics in SCS and SCR have
only received attention in recent years, more specifically
since 2015 and 2019, respectively (see Fig. 1.1). To provide
a comprehensive overview of the literature, we extracted
the bibliometric data of published journal articles using the
Scopus database. Two separate literature searches were
performed, one focusing on data analytics in SCR and the
other on data analytics in SCS.1 Overall, we found 216 and
1104 relevant publications on SCR and SCS, respectively.
One of the reasons for having a higher number of journal
articles related to the SCS is that it is already a relatively
mature field of study, although data analytics applications
have gained momentum only since 2014. On the other
hand, SCR-related publications that focus on the use of
data analytics for resilience were largely driven by the
COVID-19 pandemic outbreak.

Fig. 1.1 Annual publication growth



The first studies that utilized data analytics in the
context of resilience and sustainability in SC appeared in
2000 and 1999, respectively. Based on our sample data, Lin
and Pai (2000) and Azapagic and Clift (1999) were the first
studies to utilize data analytics in SC resilience and
sustainability, respectively. While the former used
multiagent simulation to improve process adaptability of
order fulfillment process by integrating reinforcement
learning, the latter used multi-objective optimization of a
number of environmental parameters that were derived
from life cycle analysis (LCA). Since then, applications of
data analytics have been developed in both contexts as
evident in recent published studies, for example, Belhadi et
al. (2022), Saurabh and Dey (2021), Verma et al. (2021),
and Wilson et al. (2021).

The most productive countries based on the
corresponding author’s country are presented in Fig. 1.2a,
b for data analytics in SCR and SCS, respectively. The
leading four countries are the same in both contexts, which
are China, Iran, the United States, and India. Germany and
France emerged as highly productive countries in SCR,
while Korea made it to the list in SCS, following the United
Kingdom and France.



Fig. 1.2 Corresponding author’s country publications. (MCP multiple-country
publications, SCP single-country publications)

Figure 1.2 shows the distribution of studies authored by
scholars from a single country and multiple countries. The
analysis reveals that in SCR research, scholars from
Austria, Poland, and Indonesia have not collaborated with
foreign institutions. In contrast, the majority of the
published articles by scholars based in the United
Kingdom, France, Australia, and Denmark have co-
authored with at least one scholar based in another foreign
institution. Regarding the use of data analytics in SCS



research, except for the United Kingdom, Denmark, and
France, in the rest of the publications, there is a higher
share of single-country publications (SCPs) in comparison
to multiple-country publications (MCPs).

1.3 Most Impactful Studies

The top 15 most impactful publications, measured through
the normalized total citation (NTC), are presented in Tables
1.1 and 1.2 for data analytics in SCR and SCS, respectively.
The NTC is calculated by dividing the actual total citations
of an article by the expected citation rate for articles.
According to Table 1.1, the most impactful studies in data
analytics in SCR are Ivanov and Dolgui (2021), Dubey et al.
(2021), and Belhadi et al. (2021). Similarly, from Table 1.2,
the most impactful studies in data analytics in SCS are
Tirkolaee et al. (2022), Kusiak (2018), and Bag et al.
(2021).

Table 1.1 Highly cited studies in data analytics in SCR (ranked by NTC)

No. Article Journal Topic TC TC/Y NTC

1 Ivanov and
Dolgui (2021)

Prod Planning &

Control

Digital twin for
risk and
resilience

230 115 11.49

2 Dubey et al.
(2021)

International Journal

of Production

Research

DA capabilities
as component of
resilience

208 104 10.39

3 Belhadi et al.
(2021)

Technological

Forecasting and

Social Change

SC resilience
during COVID

196 98 9.79

4 Ivanov et al.
(2019)

International Journal

of Production

Research

Industry 4.0
impact on ripple
effect

565 141.25 9.4

5 Mahmoudi et
al. (2021)

Operations

Management

Research

Gresilient
supplier
selection

20 20 8.66



No. Article Journal Topic TC TC/Y NTC

6 Wamba et al.
(2020)

International Journal

of Production

Economics

Effects of big
data analytics

169 56.33 8.21

7 Belhadi et al.
(2022)

International Journal

of Production

Research

AI-based
decision-making
framework

15 15 6.49

8 Modgil et al.
(2021)

International Journal

of Physical

Distribution &

Logistics

Management

AI applications
in SC resilience
during COVID

14 14. 6.06

9 Ghazal and
Alzoubi
(2022)

Intelligent

Automation and Soft

Computing

ML application
in SC
collaboration

14 14 6.06

10 Verma et al.
(2021)

IEEE Journal of

Biomedical and

Health Informatics

Blockchain-
based COVID
vaccine
distribution

10 10 4.33

11 Hosseini and
Ivanov
(2019)

Expert Systems with

Applications

Resilience
measure
incorporating
ripple effects

80 26.67 3.89

12 Papadopoulos
et al. (2017)

Journal of Cleaner

Production

Big data in
disaster
resilience for
SC

323 53.83 3.65

13 Naz et al.
(2021)

Operations

Management

Research

AI as resilience
enabler

8 8 3.46

14 Vali-Siar and
Roghanian
(2022)

Sustainable

Production and

Consumption

SC design
under COVID
disruption

8 8 3.46

15 Bechtsis et
al. (2022)

International Journal

of Production

Research

Incentive
framework
based on data
sharing

8 8 3.46

Table 1.2 Highly cited studies in data analytics in SCS (ranked by NTC)

No. Article Journal Topic TC TC/Y NTC



No. Article Journal Topic TC TC/Y NTC

1 Tirkolaee et
al. (2022)

Journal of Cleaner

Production

Closed-loop SC
design

33 33 14.17

2 Kusiak
(2018)

International

Journal of

Production

Research

Smart
manufacturing

563 112.6 14.05

3 Bag et al.
(2021)

Technological

Forecasting and

Social Change

Big data and AI
manufacturing

134 67.0 13.71

4 Garai and
Sarkar
(2022)

Journal of Cleaner

Production

Reverse logistics
on closed-loop SC

26 26 11.17

5 Saurabh and
Dey (2021)

Journal of Cleaner

Production

Blockchain in agri-
food SC

95 47.5 9.72

6 El-Kassar and
Singh (2019)

Technological

Forecasting and

Social Change

Big data in green
innovation

325 81.25 8.90

7 Sazvar et al.
(2021)

Annals of

Operations

Research

Closed-loop SC
design

20 20 8.59

8 Mahmoudi et
al. (2021)

Operations

Management

Research

Gresilient supplier
selection

20 20 8.59

9 Wong et al.
(2020)

International

Journal of

Information

Management

Blockchain in
SMEs’ SC

185 61.67 8.43

10 Bag et al.
(2020)

Resources,

Conservation &

Recycling

Big data analytics
in SC

169 56.33 7.7

11 Sharma et al.
(2020)

Computers &

Operations

Research

ML applications in
agriculture SC

155 51.67 7.06

12 Wilson et al.
(2021)

Management of

Environmental

Quality

AI in circular
economy

16 16 6.87



No. Article Journal Topic TC TC/Y NTC

13 Goodarzian
et al. (2021)

Engineering

Applications of

Artificial

Intelligence

Sustainable
medical supply
chain during
COVID

67 33.5 6.85

14 Papadopoulos
et al. (2017)

Journal of Cleaner

Production

Big data in disaster
resilience for SC

323 53.83 6.81

15 Li et al.
(2020)

International

Journal of

Production

Economics

Digital
technologies in the
context of Industry
4.0

147 49 6.7

Out of the top 15 most influential publications presented
in Tables 1.1 and 1.2, only two articles appeared to have
influenced both streams of research: Mahmoudi et al.
(2021) and Papadopoulos et al. (2017). These studies
investigated both resilience and sustainability in supply
chain using data analytics. Despite the substantial
conceptual and empirical literature suggesting that these
two concepts are intertwined, the number of studies that
cover both concepts are relatively low. Hence, more
research is needed. One of the concepts that bring the two
together is gresilient supply chains, that is, green and
resilient supply chains. Behnam Fahimnia was one of the
first scholars to bring the two concepts together (Fahimnia
and Jabbarzadeh 2016; Fahimnia et al. 2018).
Papadopoulos et al. (2017) investigated disaster resilience
for SCS and the role of big data using the Nepal
earthquake in 2015 as a case study. This publication
analyzed disaster relief activities using big data extracted
from news, tweets, Facebook, Instagram, Google+,
YouTube, etc. To analyze such data, the authors employed
advanced data analytics. Mahmoudi et al. (2021) proposed
a decision-making framework for gresilient supplier
selection in the post-COVID era.



In Table 1.1, we observe that concepts such as digital
twins, Industry 4.0, ripple effects, artificial intelligence,
machine learning, and big data dominate the data analytics
applications in SCR. Similarly, in Table 1.2, we observe that
closed-loop supply chain designs, smart manufacturing,
applications of big data, artificial intelligence, machine
learning, blockchain technologies, digital technologies, and
Industry 4.0 are the core topics in data analytics
applications in SCS. While majority of the concepts are
common across data analytics applications in SCR and SCS,
SCR has a growing attention toward data-sharing
incentives (Bechtsis et al. 2022) and SCS towards circular
economy (Wilson et al. 2021).

1.4 Underlying Themes in Data

Analytics in Supply Chain in

Resilience and Sustainability

We mapped the underlying themes and concepts in data
analytics in SCR and SCS in Fig. 1.3. There are three core
themes in data analytics in SCR (see Fig. 1.3a). The most
dominant theme is the “green” cluster that uses data
analytics tools such as integer programming, multi-
objective optimization, computer simulations, decision
support systems, and artificial intelligence for resilient
supply network design, product design, and supplier
selection. The purple theme indicates the use of big data,
data analytics, machine learning, and blockchain
technologies in information management and risk
assessment, particularly in the context of resilience of
Industry 4.0 and disaster relief systems. The red theme
refers to the use of stochastic systems, forecasting, genetic
algorithms, heuristic algorithms, and particle swarm
optimization.





Fig. 1.3 Thematic mapping using keyword co-occurrence

There are two core themes in data analytics in SCS (see
Fig. 1.3b). The blue theme indicates the use of particle
swarm optimization, heuristic algorithms, multi-objective
programming, integer programming, nonlinear
programming, scholastic systems, and life cycle analysis in
closed-loop supply chain designs and environmental impact
assessments such as reduction of carbon dioxide emissions
and greenhouse gases. The red theme focuses more on
sustainable development-related decision-making problems
using data mining, big data, artificial intelligence, and
algorithms. Overall, the application of data analytics tools
and techniques is similar across SCR and SCS.

1.5 Trending Topics and Future

Research

We identify the trending topics in data analytics in SCR and
SCS by mapping the keyword frequencies in a timeline
basis. Referring to Fig. 1.4a, artificial intelligence, data
analytics, and security issues have emerged as trending
topics in SCR during the last couple of years. Resilient
supplier selection, disruption risk assessment, and decision
support systems seem to be trending topics in the SCR
research since 2018.



Fig. 1.4 Trending topic analysis

We have observed different patterns in the SCS
literature, with closed-loop supply chain design, multi-
objective programming, and Industry 4.0 emerging as
trending topics in most recent years (Fig. 1.4b).
Furthermore, we observe a declining trend in SCS in the



use of analytic network process (ANP), data envelopment
analysis (DEA), and dynamic programming.

Along with the trending topics outlined in Fig. 1.4, we
have identified two themes that hold potential for future
research. The first theme is focused on social media data
analytics (Papadopoulos et al. 2017), while the second
theme explores data-sharing incentive mechanism
(Bechtsis et al. 2022). Data scraping, harvesting, or
extraction using online sources such as websites or social
media and their processing using different tools such as
machine learning or natural language processing for
informed decision-making processes remains largely
underexplored. With the advancements in data analytics
tools and techniques, the analysis of such big data is likely
to become easier and facilitate their implementation in
supply chain management.

Modern manufacturing processes and overall supply
chain management practices have become smarter. Yet,
there exists a great potential to further explore and make
use of the large volumes of data produced by the
deployment of sensors and digital technology
manufacturing equipment, distribution centers,
warehouses, transportation systems, and retail point-of-sale
systems. This, in turn, can make SCR and SCS decision-
making process more informed and create a shared value.
Nevertheless, enormous data security and data privacy-
related issues might emerge as a result of data processing
and sharing, mainly due to the lack of structured incentive
mechanism in place that can regulate the proportional
distribution of benefits among different stakeholders.
Exploring the trade-offs and optimal mechanisms for data
sharing at supply chain level remains a promising yet
underexplored research avenue.

1.6 Conclusion



Data analytics in SCR and SCS has only recently started
receiving significant attention from academics and
practitioners. Notably, the applications of data analytics in
SCR have increased following the COVID-19 pandemic
outbreak. Although SCS is a more mature research domain
compared to SCR, the applications of data analytics in SCS
have increased only since 2014.

This chapter provides an overview of the data analytics
in SCR and SCS through the lens of science mapping tools
and techniques. Our analysis reveals that scholars from
China, Iran, the United States, and India have been the
most productive in terms of total research output for both
SCR and SCS data analytics applications. Common themes
across both domains include Industry 4.0, big data,
blockchain, and artificial intelligence. However, we also
identify unique areas of focus for each domain.
Specifically, digital twins and data-sharing incentives have
emerged as unique areas for SCR, while closed-loop supply
chain design and circular economy have emerged as
trending topics in SCS research. Future research should
focus further on the role of autonomous systems and
technologies including the Internet of Things (IoT), drones,
and servitization in supply chain resilience and
sustainability management.
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managers to rely on information sources that generate
qualitative and subjective data, even often incomplete. To
deal with the unique characteristics of subjective data, a
data fusion technique, comprised of an integrated approach
of analytical hierarchy process (AHP) and the Dempster-

Shafer theory, is applied in a hierarchical evidential

reasoning (HER) framework. This HER framework is
developed using the factors affecting the viability of GSCM
initiatives. The result of such a proposed methodology is
obtained in the form of an index of viability of GSCM
initiatives throughout the supply chain. In addition to the
Dempster-Shafer theory, the Yagers’ recursive rule of
combination is applied to check the credibility of the
calculation from DST. The proposed methodology can also
be adopted and materialized by the practitioners to assess
the condition state of the green management of any supply
chain network.

Keywords Green supply chain management – Viability
index – Hierarchical evidential reasoning (HER) –
Analytical hierarchy process (AHP) – Dempster-Shafer
theory – Yager’s rule

2.1 Introduction

Green supply chain management (GSCM) has recently
garnered a great amount of interest from practitioners and
researchers alike. The increased importance to GSCM that
is currently being given is the result of the deleterious
impacts of different businesses on the environment. These
deleterious impacts (e.g., waste overflow, depletion of raw
material resources, environment pollution, etc.) come from
the environmentally insecure conditions pertaining to the
businesses. However, bringing about environmental
sustainability or establishing green practices is not the only



incentive that is pushing the concept of GSCM. Good
business sense, in terms of the goal of getting higher
profitability, is another reason (Wilkerson 2005). In fact,
compliance with environmental regulations and
government legislation is a major driver for customers
while choosing manufacturers and suppliers. Government
policies are not the only factor that works to impose
environmental green practices. According to several
researchers, green supply chain practices have been
adopted with the view to have positive impacts on an
organization’s financial as well as environmental
performance (Zhang and Yang 2016; Qi et al. 2009). Due to
customer demand, different companies are adopting green
practices in their supply chain (Kassinis and Vafea 2006).
Even the business stakeholders can act as a motivating
factor by pressuring the organizations or firms to adopt and
maintain environmentally friendly green supply chain
practices (Zhang and Yang 2016). Moreover, suppliers
might even feel the need to discontinue doing business with
the manufacturers in order to protect their own public
image or to maintain their own compliance with
environmental regulations if the manufacturing firm is
known for causing pollution and following nongreen supply
chain practices (Rivera-Camino 2007).

Bangladesh is among the leading manufacturers for the
global fashion industry. The textile industry is the major
force for Bangladesh’s economic growth and stability
(Anisul Huq et al. 2014; Chowdhury et al. 2019; Islam et al.
2019). The garments or textile industry has achieved this
growth through relying on exporting to European or
American customers. The exports in this industry
approximately amount to 80% of the total national output
for Bangladesh (Chowdhury et al. 2019). The key factor for
the success of Bangladesh’s textile industry is the low
wages, which makes the manufacturing cost much lower
than if the clothes were to be manufactured in most other



countries. While there is considerable profit to be gained
from the country’s textile industry, ostensibly making it a
competitive market, the factor in which Bangladesh lags
behind others is compliance. For example, the collapse of
Rana Plaza in April 2013, with the death of around 1000
workers, brought the issue of compliance to the forefront of
textile industries. Not just the Bangladesh government but
also the customers of these export-based textile companies
started to value the state of compliance while doing
business with the manufacturers (Asgari and Hoque 2013;
Barua and Ansary 2017; Naciti 2019). This also brings the
issue of being compliant with environmental regulations.
Textile companies, at present, are required to maintain
strict adherence to environmental regulations in order to
be competitive in the market.

In order to maintain adherence to international and local
environmental legislations, a good assessment of an
organization’s current scenario is pivotal. As the literature
reveals, the most popular method for determining a
business’ or supply chain’s environmental responsibility is
measuring the organization’s carbon emission rate. But a
textile company might be the culprit of pollution in other
ways than just releasing carbon emission. In the context of
Bangladesh’s textile industry, a holistic consideration of the
supply chain in terms of being environmentally responsible
or green needs to be done. The issue with adopting green
supply chain management (GSCM) practices or initiatives,
however, is that implementing such initiatives is not always
favorable for all organizations. The introduction of such
green practices or initiatives sometimes has to face some
severe barriers that might cripple the financial structure of
the organization. Hence, there is a need for assessing the
condition of the organization so that it can be clearly
ascertained if the business can really successfully launch a
GSCM initiative and sustain it.



As the prime objective is to develop a holistic
assessment framework, just identifying the internal or
functional factors of an organization will not be sufficient.
Consideration from both the internal and the external point
of view is necessary while identifying the factors of GSCM
initiatives. Even though existing literature offers a plethora
of discussion over this matter, the proper identification of
factors regarding the viability of GSCM initiatives with both
external and internal points of view is still paramount for a
holistic assessment framework.

To achieve the primary goal of developing an
assessment framework, we identified the factors of green
supply chain management and formulated a holistic
assessment model. This study makes two very important
contributions to the field of green supply chain
management. Our paper tries to answer two important
research questions to bridge the gap in the literature
pertaining to green supply chain management:

Q1. What are the internal and external factors for green

supply chain management initiatives?

Q2. How can a supply chain be assessed for being viable

of adopting GSCM initiatives in the context of

Bangladesh’s textile industry?

While trying to answer the first question, we identified
some factors for GSCM initiatives in two categories:
internal factors and external factors. Then after collecting
data in the form of experts’ opinions, we calculated an
overall index as the measure of being viable of introducing
GSCM initiatives. Due to the subjective nature of the data,
we implemented the Dempster-Shafer theory (DST) as it
can deal with the effects of uncertain, incomplete, or
subjective data.

2.2 Review of Literature



2.2.1 Barriers and Factors for GSCM Initiative

Implementation

These days, the importance of green supply chain
management is apparent to everyone. Green et al. (2012)
explored the impact of GSCM practices. The 2012 study
also developed a theoretical model demonstrating the
relationship among suppliers, manufacturers, and
customers when such GSCM practices are operational. The
study further went on to prove that the economic and
environmental performance improves with the tuning of
GSCM practices or initiatives. The topic of green supply
chain management has garnered so much interest from
practitioners and researchers alike that there is enough
analysis on the pertaining literature. Fahiminia et al.
(2015) used rigorous bibliometric analysis to find out the
research scope regarding the GSCM initiatives. Sarkis et
al. (2011) also ventured on this research area to identify
the opportunities for future research and organized the
literature review in nine categories. Chin et al. (2015)
provided a conceptual framework capable of determining
the relation among environmental collaboration,
sustainability, and GSCM. One key area that has gained the
focus of researchers is the barriers and factors impacting
GSCM initiatives. Mathiyazhagan et al. (2013) used an
interpretive structural modeling approach to analyze the
barriers to GSCM implementation. Govindan et al. (2014)
studied and identified some obstacles to GSM practices
with a view to determine the effectiveness of procurement
processes. Testa and Iraldo (2010) prepared a comparative
study between GSCM practices and other managerial
practices and found that it is beneficial for an organization
to give preference to the improvement of environmental
performance. Shang et al. (2010) focused specifically on
electronic manufacturing organizations and identified six
factors that act as barriers to GSCM implementation. These



six factors are green manufacturing and packaging, green
suppliers, green marketing, green eco-design, green stock,
and environmental participation. Zhu et al. (2012)
proposed a model that measures the performance of
internal practices and external factors of GSCM. Ninlawan
(2010) further improved this by performing an assessment
of the GSCM practices and chose an electronic
manufacturing company to test the model. Even though
they performed an assessment model for GSM practices,
the model assesses the GSCM based on some practice that
has already been adopted and operated. The gap in the
literature on this topic is that, at least to our best of
knowledge, there is no assessment framework established
to act as a decision-making tool for managers before taking
any GSCM initiative. The potential financial ramifications of
adopting GSCM initiatives without having a proper
assessment of the viability of such an initiative make the
formulation of such an assessment methodology an
absolute necessity. For instance, failing to successfully
implement GSCM initiatives in the supply chain may result
in potential sunk cost that could be catastrophic for small
and medium enterprises (Carter and Rogers 2008). All
these studies emphasize that a holistic approach for the
assessment for viability of GSCM initiatives needs to be
taken. The challenges with such a consideration are that
the data required for such an approach would mostly be
qualitative. To cope with this challenge, DST is used in this
study for the computation process. Table 2.1 summarizes
the common themes associated with the GSCM.

Table 2.1 A summary of the literature review

Authors Contribution to the literature Approach

Green et al.
(2012)

Empirically assess performance of
adopted GSCM practices

A structural equation
modeling
methodology



Authors Contribution to the literature Approach

Fahiminia et
al. (2015)

Identification of key research topics as
well as the interrelations and
collaboration patterns

Rigorous bibliometric
tools

Sarkis et al.
(2011)

Categorizing GSCM literature into
nine broad organizational theories

Critical evaluation of
research scopes

Chin et al.
(2015)

Explore the relation among
sustainability performance, GSCM,
and environmental collaboration

Empirical study using
advanced structural
equation modeling
approach

Mathiyazhagan
et al. (2013)

Analysis on barriers for implementing
GSCM initiatives

Interpretive
structural modeling
approach

Govindan et al.
(2014)

Analysis on barriers for implementing
GSCM

Analytic hierarchy
process approach

Testa and
Iraldo (2010)

Assessment of determinants and
motivations for GSCM implementation

Qualitative analysis

Shang et al.
(2010)

Investigation of GSCM capability
dimensions and performance

Comparative
assessment between
four groups of
organizations

Zhu et al.
(2012)

Exploration of internal and external
GSCM practices on the basis of
environmental, operational, and
economic performance

Survey-based
empirical analysis

Ninlawan
(2010)

Evaluation of green supply chain
management performance

Survey-based
qualitative
assessment

Carter and
Rogers (2008)

Exploring the relation between social,
environmental, and economical
performance of SC

Developing a
conceptual
framework

2.2.2 Computational Approach for Assessment

Methodology

As the qualitative nature of the data requires a
computational approach that can deal with uncertainties
and incompleteness in the data, the Dempster-Shafer
theory is an ideal candidate for this approach. It is a
general probabilistic theory that follows the principle of the



evidential reasoning approach. The advantages associated
with DST include a high degree of flexibility, the capability
to account for the uncertainty or ignorance in the data, and
the capability of combining the qualitative data with expert
knowledge (Silva et al. 2019). Wherever there is a level of
uncertainty involved in the data, DST can act as a powerful
tool to effectively dissipate such uncertainty measures and
get a meaningful quantitative value as a result of
computation (Wu et al. 2005). DST has also an advantage
over other probabilistic theories as it allows the
consideration of data that are not even complete (Kang et
al. 2019). In terms of decision-making tools, the
combination of AHP and DST is an ideal computational
approach if there is qualitative data involved (Beynon et al.
2000). Green et al. (2012) signified the qualitative
subjective data as the information required to better assess
the GSCM initiatives from a holistic point of view. Thus,
DST is singled out as the primary computational tool for
this study.

Although there is very little shortage of literature on
GSCM practices, the discussions in the previous sections
clearly identify an important existing gap in the extant
literature. There has been no computational framework
that has been modeled to assess the viability of GSCM
initiatives before the initiatives are taken. To fill this gap in
the literature, this study makes a contribution to the
literature by exploring the idea of establishing an index
value for viability assessment in terms of organization’s
condition:

Identification of a set of factors that affects the successful
implementation of GSCM initiatives.
Developing a computational framework that assesses the
viability of GSCM initiatives’ adoption while being able to
utilize qualitative data for the computation.



2.3 Evaluation Approach

The evaluation approach used in this paper includes three
methods, namely, the analytical hierarchical process, the
Dempster-Shafer Theory, and the Yager’s rule. This
integrated approach combining these methods is
formulated to obtain the index of viability condition for
introducing GSCM initiatives.

2.3.1 Analytical Hierarchical Process (AHP)

One of the most widely used techniques in the studies of
multi-criteria decision-making problems is the analytical
hierarchical process (AHP), which was proposed by Saaty
(1990). The usefulness of this technique is that it generates
a quantitative comparison or a reliable ranking of multiple
alternatives. This is exactly the same purpose for which
AHP is used in this study. The criteria that were found
through literature review and experts’ opinions to have
impacts on GSCM are rated using this AHP technique. In
order to complete the process of this MCDM technique, a
pairwise comparison is conducted for this set of criteria.
The steps that were followed in the AHP technique are
described as follows:
1.

At the start of the AHP technique, the objective and
goals of the problem are identified.

 
2.

Once the goal-setting step is complete, the hierarchical
structuring needs to be done. This tripartite,
hierarchical structure includes objectives at the top,
criteria at the intermediate levels, and, finally,
alternatives at the lowest level.

 

3. At this stage of AHP, a pairwise comparison is done to
generate a (n x n) matrix for the lower tiers. Relative
priorities between the criteria are used to make the
pairwise comparisons. This process is also carried on

 



p p p
for the intermediate levels.

4.
As the comparisons are done pairwise, there is a
reciprocal nature in the comparison. This makes each
matrix in step 3 needing to be an n(n − 1)/2 number of
comparison judgments.

 

5.
The calculation of the consistency index (CI) is the next
stage after pairwise comparisons. The calculation of
consistency index (CI) uses eigenvalue λmax, where
CI = (λmax − n)/(n − 1), where n is the size of the
matrix. Consistency index (CI) is divided by random

consistency index (RI) to get the consistency ratio. The
value of consistency ratio determines whether the
judgment that was made is consistent or not. The
judgment matrix can be considered acceptable if the
value of the consistency ratio ≤ 0.1. Improved
judgment needs to be taken if the original judgment is
found to be inconsistent.

 

6.
The final step in AHP is the normalization of
eigenvectors using the weights of respective criteria.

 
2.3.2 Dempster-Shafer Theory

2.3.2.1 Frame of Discernment and Basic

Probability Assignment

The Dempster-Shafer theory is a data fusion technique that
was first introduced by Arthur Dempster (1967) and later
improved by Glenn Shafer (1976). This method accounts for
uncertainty and ambiguity in subjective data. DST
addresses the uncertainty of data using belief functions.
Evidences from all sources are combined in a data fusion
technique to get an overall degree of belief. The fusion of
data allows DST to tackle the uncertainty and ambiguity of
the data. Compared to other techniques available in the



extant literature, DST can deal with these uncertainties
efficiently. For instance, the provision of allocating
evidence to not only disjointed but also non-disjointed data
sets makes DST capable of tracing and demonstrating the
uncertainties in the data more effectively compared to the
Bayesian theory (Bappy et al. 2019). The partial or
incomplete knowledge is clearly stated as such in case of
DST. This is not something that can be found in Bayesian
probabilistic reasoning. The provision of setting a
probability measure to the frame of discernment is another
characteristic of DST that should be taken into account
(Deng and Chan 2011).

The term frame of discernment (θ)in DST can be defined
as a set of mutually exclusive hypotheses that can be
written as follows: θ = {H1, H2, H3}, where H1, H2, and H3
are three hypotheses. A set, termed as the power set,
contains all the subsets of (θ,) and this power set is
denoted by 2θ. For the example used prior, the power set is
constituted with the following elements:

(2.1)
Every element of this power set is known as focal

elements, while the {H1, H2, H3} element denotes ignorance
as it doesn’t provide any specific information. A degree of
belief ranging from 0 to 1 can be assigned to this focal
element where 0 is attributed to no belief and 1 is
attributed to complete belief. The degree of belief for each
hypothesis is called a basic probability assignment (BPA) or
mass function (m) such that 0 ≤ m(A) ≤ 1, ∀ Aϵθ; m(∅) = 0
(Bappy et al. 2019). The proposition or hypothesis m(A)
satisfies the following properties, as presented in Eq. (2.1):

(2.2)



The incompleteness of information can be overcome by
assigning a nonzero probability mass to the union of two or
more classes. For all A ∈ 2θ, two parameters, namely,
support Su(A) and plausibility Pl(A), can be defined as:

(2.3)

(2.4)

where B1, B2 ∈ 2θ, and denote the complement of
hypothesis A. The above equations define the support of a
class as the sum of probability masses assigned to that
class by a source of data and information. Support Su(A) is
a measure of how much the evidence contradicts a
proposition. On the other hand, the plausibility of a class
can be defined as the sum of all probability masses that are
not assigned to the complement of the class (Yang et al.
2020).

2.3.2.2 DS Rule of Combination

Information or evidence from different sources can be
combined in the Dempster-Shafer theory or evidence
theory. For example, if two different sources are a subset of
θ, i.e., A ⊆ θ, then the two BPAs obtained from two sources,
namely, m1(A) and m2(A), can be combined through the
following equation:

(2.5)

(2.6)



where . The factor K represents
the conflict between two subsets, X and Y. Because of the
cumulative property of the DST, the order in which the
combination takes place does not matter. More precisely,
the result of the combination of the evidence would remain
the same irrespective of orders. This yields the generalized
form of combination as follows:

(2.7)
In this study, the basic criteria (factors) are aggregated

to assess the cyber resilience of a supply chain to obtain a
cyber-resilience (CR) index, which is streamlined according
to the DS rule of combination. This can be written as in Eq.
(2.7):

(2.8)
where X1, X2, X3, ………, Xn are the contributing factors in
the assessment and n represents the total number of
factors that are being used. S(Xi) represents the evaluation
of parameter Xi, while m(Xi) represents the basic
probability assignment for each factor Xi. The weight
attributed to these factors is denoted by wi for each factor
Xi. To avoid any computational complexity, this combination
rule is used recursively (Bappy et al. 2019).

2.3.3 Yager’s Recursive Rule

It is a similar combination technique to the DS combination

rule. The difference between them is the absence of the
normalization by nonconflicting evidence (Bappy et al.
2019). The factor K represents conflicting evidence as this
information is considered as the level of ignorance
throughout the combination procedure (Bappy et al. 2019).



2.4 Methodology

This section discusses the assessment model that is
developed to generate the viability index of GSCM
initiatives. The assessment methodology constitutes four
major phases, namely, a preliminary phase, a data
collection phase, a GSCM condition assessment phase, and
a result comparison phase. This methodology of all four
phases is depicted in Fig. 2.1.



Fig. 2.1 Different phases of the methodology of viability assessment for GSCM
initiatives



The first stage of this methodology is the preliminary
phase which involves identifying the factors of GSCM
initiatives. On the platform of “Web of Science,” pertaining
literature are studied and selected for the purpose of the
identification of factors. Peer-reviewed papers, chapters of
pertaining books, and conference proceedings are the
contents that were searched and studied on the database to
achieve a wide range of perspectives on topics related to
the assessment of GSCM of the textile industry supply
chain. The initial process of searching for papers in the
database and then screening those documents resulted in
more than 100 papers. After the initial screening, a more
thorough and detailed screening based on some keywords
made the list of papers much shorter. Then based on the
abstract of the papers on hand, another screening process
was conducted to cut the list of papers to only the most
relevant of them. Finally, papers that are related to GSCM
were selected after a thorough reading to identify the
factors of GSCM initiatives. Then, experts from the textile
industry were contacted to get their opinions on the factors
selected through this identification process. A hierarchical
decision tree was structured comprising these factors, as
illustrated in Fig. 2.2, which includes three distinct levels.
The upper level consists of only the goal or objective of the
assessment, which generates a viability index for GSCM
initiatives, whereas the lower two levels comprise the
factors of GSCM initiatives. The lowest level is the level
that describes the basic factors, while the level above
consists of two general factors, namely, internal factors and
external factors.



Fig. 2.2 GSCM assessment framework for HER model

The data collection phase describes the gathering of
evidential data from the relevant sources. The historical
data is often difficult to obtain in this aspect. So, subjective
data in the form of opinions from experts were collected to
complete the calculation of the assessment. That is, in
order to avoid bias, experts of different levels of experience
were approached to get opinions. Due to the nature of this
data, in order to get a meaningful result, a special
approach is required that can cope with the uncertainty or
ambiguity of the subjective data. DST satisfies this
requirement.

The assessment phase includes the actual calculation for
the assessment of GSCM condition and generation of the
index. At first, from the experience of the experts, they
assigned their beliefs as the subjective data to the factors
of GSCM initiatives. Then, from the subjective data, an AHP



model was used to assign the weights to the factors. A set
of evaluation grades in the form of condition state were
taken as measures in the assessment process. The most
prevalent evaluation grade set in the literature was chosen
for this study, and these were poor (P), fairly poor (F),
average (A), good (G), and excellent (E) (Kong et al. 2015).
Based on the condition for each factor, experts assigned
their beliefs for the evaluation grades for each factor
selected. The combination of these subjective belief values
is done through the DST. The order of combination does
not affect the end result of the assessment process
according to the basic concept of DST. This assessment
produces the probability of the condition states of supply
chain in terms of viability to introduce the GSCM
initiatives. In addition to this, further calculation for utility
perspective assessment generates a numerical index value
for viability. For the utility perspective assessment, the
evaluation grades for GSCM factors were quantified as
u(P) = 0, u(F) = 0.25, u(A) = 0.50, u(G) = 0.75, and
u(E) = 1.

Through the combination of evaluation grades for each
GSCM factor, a GSCM index is then calculated. The result
obtained through this process is then validated using the
Yager’s rule by comparing results from both calculations.

2.5 GSCM Initiatives’ Model

Formulation

The hierarchical evidential reasoning (HER) framework is
used for the assessment. The factors of GSCM initiatives
that were identified are structured in an HER framework,
and then the data are combined using an evidence theory
to compute an overall index for GSCM initiatives. Hn is
used to denote the evaluation grades that are attributed to



a BPA by the expert, while S(Xi) represents the assessment
of criteria Xi as follows:

(2.9)

where  represents the degree of belief that the attribute

Xi is assessed to the grade of Hn and Hn denotes a set of
evaluation grades, namely, poor, fairly poor, average, good,
and excellent. Therefore, the first criterion for its
assessment would be as follows:

(2.10)

Considering that  and  holds true. An

assessment is considered to be complete if  and

incomplete if .

2.5.1 Structuring the Hierarchy for Viability

Index Assessment

After conducting an extensive review of the pertaining
literature, two types of factors affecting adoption of GSCM
initiatives were identified. The first is “internal factors,”
and the other one is “external factors” on the “Web of
factors Science” database, which was our preferred
medium to conduct the probe. The factors that were
identified as “external factors” are the ones that the
organization had minimal or no amount of control over at
all. These “external factors” are green purchasing,
government and policy regulations, market/consumer,
competitors, social, inbound logistics, outbound logistics,
and customer awareness. The description of these factors is
provided below:
I. Green Purchasing: GSCM initiatives depend greatly



on the suppliers. Suppliers can have a positive
impact on GSCM initiatives if they practice good
environmental management and they are certified
(Diabat and Govindan 2011). Conversely, if the
suppliers are found to be not practicing good
environmental practices, they can have a negative
impact on GSCM initiatives. The buying company’s
environmental ability greatly depends on the
environmental compliance of the supplier (Zhu et al.
2005). Purchasing from environmentally compliant
sources is termed as green purchasing (Walker and
Brammer 2009). Businesses could even collaborate
with suppliers to manufacture environmentally
sustainable products (Zhu et al. 2005).

 

II.
Government and Policy Regulation: Government
regulations could impact GSCM initiatives through
imposing a legal binding on the businesses and
subjecting them to penalties in the event of failure to
comply with such regulations (Lee and Klassen
2008). It is not economically preferable for
businesses to spend on environmental measures
(Diabat and Govindan 2011). Without government
regulations, businesses would lack the impetus to
take the necessary steps to ensure environmental
sustainability (Khiewnavawongsa and Schmidt
2013).

 

III. Market/Consumer: Consumers can have an indirect
effect on GSCM initiatives as consumer demand
often drives businesses to follow certain
organizational cultures (Khiewnavawongsa and
Schmidt 2013). That is how consumers can
determine what an organization needs to do to
survive in the market. Consumers who belong to
affluent groups may opt for products that are
advertised as more environmentally sustainable (Zhu

 



et al. 2005). Consumers who earn less might not
concern themselves with anything other than the
cost of the product (Zhu et al. 2005). So, the
product’s target consumer base impacts GSCM
initiatives greatly (Lin et al. 2013).

IV.
Competitors: Consumers are now becoming more
conscious of the fact that there is a genuine need for
being environmentally sustainable (Kumar and
Chandrakar 2012). Having consumers who are more
aware of environmental issues may drive the
competitors to adopt GSCM initiatives, making
competitors an important factor (Diabat and
Govindan 2011). Competitors may even force
organizations to discard GSCM practices as they
might focus more on economic goals and making
survival in the competitive market difficult for any
organization which is actually following the
environmental regulations (Dhull and Narwal 2016).
In this case, pressure created by the competitor on
pricing can act as the deterrent (Dhull and Narwal
2016).

 

V.
Social: Good organizations now give a lot of
importance to the image they present to the public
as well as profitability (Darnall et al. 2008). In order
to achieve this goal, organizations often get involved
in some socially beneficial projects. An example of
this is Hewlett-Packard creating their corporate
social responsibility programs (Darnall et al. 2008).
Having GSCM initiatives may also be considered an
organization’s social responsibility (Van Rensburg
2015). That is why social responsibility of the
organization can be considered a factor affecting
GSCM initiatives.

 

Inbound Logistics: Wu and Dunn (1995) described
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inbound logistics as the functions of the business

that are performed in order to receive and store
materials. Inbound logistics include functions such
as supplier management, inventory management,
green transportation, and green purchasing (Sellitto
et al. 2015).

 

VII.
Outbound Logistics: Huynh (2013) explains
outbound logistics as the collection of functions that
are performed for the delivery of the finished
product that the business produces to the point of its
consumption. Outbound logistics include designing
distribution networks, outbound transportation, and
components of marketing (Kumar and Chandrakar
2012). Among these downstream functions, green
outbound distribution or transportation could be
considered as one of the most important factors that
drives the effect of GSCM initiatives as it is directly
responsible for carbon dioxide emission (Huynh
2013).

 

VIII.
Environmental Organizations: This is the one
external factor that was identified through the
experts’ opinions. Different environmental
organizations function to create pressure on
government and businesses to adopt green practices
in supply chains. The impact of such pressure may
lead businesses to adopting GSCM initiatives.

 

On the other hand, factors that were identified as
“internal factors” are the ones on which the organization
had at least some amount of control. These “internal
factors” are management support and commitment,
organizational structure and strategy, cost, reverse

logistics, eco-design, investment recovery, organizational



learning, and recycling and reuse efforts. The description
of these factors is provided below:
I.

Management Support and Commitment: A critical
internal factor for adoption of GSCM initiative is the
level of support offered by the management (Lee and
Klassen 2008). Support from management can act as
a strong motivating incentive for employees. This
makes it easier to align business goals with GSCM
initiatives improving the probability of success of
those initiatives (Dhull and Narwal 2016). The
opposite can also be true as the lack of management
support might demotivate employees resulting in the
failure of sustainable initiatives (Kumar and
Chandrakar 2012).

 

II.
Organizational Structure and Strategy:
Organizational structure and strategies can act as
both a driver and a barrier for GSCM initiatives (Lee
and Klassen 2008). Proactive strategies aiming
toward sustainability will facilitate the adoption of
any GSCM initiative (Lee and Klassen 2008).
Conversely, organizational structure may hinder
such an adoption. For instance, small businesses
producing very low carbon footprint may not find it
feasible to introduce GSCM initiative in the supply
chain (Lee and Klassen 2008).

 

III. Cost: Khiewnavawongsa and Schmidt (2013)
identified financial implications as one of the main
deterrents for businesses in adopting GSCM
initiatives. The cost incurred for introducing GSCM
initiatives can increase or decrease an organization’s
cost structure (Diabat and Govindan 2011). For
instance, environmentally friendly materials,
manufacturing, and packaging mostly cost more
than normal process structure and materials (Zhu et

 



al. 2005).
IV.

Reverse Logistics: Reverse logistics defines the
disposal and then the recovery of raw materials,
finished goods, work in process, and scrap after
consumption of the product (Jumadi and Zailani
2010). Due to the high cost (operation) of reverse
logistics, businesses often choose to outsource such
operations of the supply chain to minimize cost
(Jumadi and Zailani 2010). This reduces
organization’s control over that specific function of
the supply chain and impacts the effective adoption
of new GSCM initiatives (Narayana et al. 2014).

 

V.
Eco-design: Eco-design directly focuses on the core
functional designs that can be altered or modified to
improve the sustainability condition (Green et al.
2012). The success of eco-design depends on cross-
functional cooperation and collaboration between
different functions of the supply chain (Kumar and
Chandrakar 2012).

 

VI.
Investment Recovery: Investment recovery can be
termed as the concept of converting excess assets
into revenue for the business (Zhu et al. 2005). In
terms of supply chain, the stagnant assets remaining
in the organization should be strategically utilized to
extract maximum value out of them (Zsidisin and
Siferd 2001).

 

VII. Organizational Learning: Organizational learning is
the historical data or analysis that teaches
organizations to better strategize for future (Wood
and Reynolds 2013). The effective deployment of the
GSCM initiatives requires a better organizational
learning structure (Wood and Reynolds 2013). The
success of GSCM initiatives may require continuous

t f hi t i l d t d h i th

 



assessment of historical data and changing the
strategy over time (Dalkir 2005).

VIII.
Recycling and Reuse Efforts: This is the internal
factor of GSCM initiatives that was identified
through experts’ opinions. A management’s efforts
toward ensuring recycling and reusing scrap
materials are a critical factor for GSCM initiatives. A
proper management structure that is capable of
ensuring the best recycling effort eases the
obstacles for GSCM initiative adoption a great deal.

 

These factors for introducing GSCM initiatives in the
supply chain were then structured according to the HER
framework consisting of three levels, as illustrated in Fig.
2.2. The upper level of the hierarchy represents the goal of
the assessment, which is the viability index (VI) for GSCM
initiatives. The middle level consists of the assessment for
two general factors: internal factors and external factors.
Finally, the lowest level or echelon of the hierarchy
structure consists of the eight basic factors for each of the
two general factors. By combining the assessment of these
factors, the overall viability index for GSCM initiatives was
determined, and this combination was performed through
the computational approaches, DST and Yager’s rule.

2.5.2 Factor’s Weights and Assessment Grades

with Utility

Each identified factor of GSCM initiatives certainly does
not have the exact same level of impact over the GSCM
initiatives for the organization selected. In order to get a
precise and accurate assessment, the relative importance
for each factor needs to be considered. This is done by
attributing weights to these factors according to their
relative level of impact. AHP is a prevalent technique
applied to obtain weights of multiple criteria from the



subjective judgments of experts. In this study, the AHP
method is used to assign weights to the factors of GSCM
initiatives. These weights are then used to get a proper
assessment of these factors through the evaluation grades
and the belief function assigned to them. This allows the
assessment to yield a unified utility value for the viability of
GSCM initiatives. Weights for external and internal factors
are illustrated in Tables 2.2 and 2.3, respectively.

Table 2.2 Weights attributed to the external factors

  Factors Weights

External factors (0.67) Green purchasing 0.06
Government and policy regulation 0.32
Market/consumer 0.03
Competitors 0.03
Social 0.1
Inbound logistics 0.17
Outbound logistics 0.09
Customer awareness 0.21

Table 2.3 Weights attributed to the internal factors

  Factors Weights

Internal factors (0.33) Management support and commitment 0.05
Organizational structure and strategy 0.13
Cost 0.21
Reverse logistics 0.08
Eco-design 0.11
Investment recovery 0.36
Organizational learning 0.03
Recycling and reuse efforts 0.04



2.6 Analytical Illustration Through a

Case Study

This section is structured so as to demonstrate the
analytical illustration of our proposed model. In order to
make a sustainable decision, an organization needs to have
a clear idea of the viability of the GSCM initiatives they
would take. Our proposed model provides an analytical
approach to quantify the viability in the form of an index
measurement. This paper’s analytical illustration is
presented in three steps. First, a case is selected to
illustrate the evaluation process, followed by the
explanation of the data collection procedure, and finally an
interpretive evaluation is provided to illustrate the
implications of the results obtained through the proposed
model.

A textile company from Bangladesh is identified to test
the applicability of our model. The organization selected
produces a mixture of textile products. While
manufacturing their products, they rely on different
functions, such as purchasing, manufacturing process,
control process, distribution, etc., and on some
technologies that produce harmful wastes in the
environment. Chemical wastes released from the
manufacturing process created environmental issues that
require good GSCM initiatives as well as transportation
that produces carbon dioxide in the air. This makes the
organization an ideal candidate to test our proposed model.
Subjective data that are necessary for the assessment were
collected from the experts within the organization.

2.6.1 Data Collection

Data collection for this evaluation was done in two steps,
the first one being the identification of the weights and the
second one being the evaluation of the condition of the



factors. As previously mentioned, initially, the GSCM
initiative factors were identified by conducting a thorough
examination of the relevant literature and taking opinions
on the factors from experts. To be more precise with the
identification of the factors, a thorough search was
conducted on the “Web of Science” database. Based on the
literature review conducted and experts’ opinions taken, 16
different factors of two types were selected, each type
consisting of 8 factors. In the second phase, data in the
form of degree of belief measures were collected
considering the evaluation grades of the selected factors
for viability assessment.

Through extensive communication, the proper data
source is identified for the assessment calculation. A textile
manufacturing company is identified as that data source to
collect all the relevant information regarding the
assessment of viability of GSCM initiatives. The selected
organization’s middle- to top-level employees were
questioned on the factors to get the required data. As the
DST takes belief data or the basic probability assignment,
this belief data was collected from the employees based on
the selected evaluation grades. The application of DST in
this study can be justified as this data is collected in the
form of employees’ opinions which are subjective in nature.
This data is characterized as subjective since the experts’
opinions, conversely, stem from their experience,
knowledge, and education. The collected data according to
the evaluation grades for each of the GSCM initiative
factors are illustrated in Table 2.4.

Table 2.4 Subjective data from an expert regarding the condition of factors for
GSCM initiatives

Factors   Evaluation grades

Basic factors Poor Fairly

Poor

Average Good Excellent

Internal Eco-design 0 0.2 0.6 0.2 0



Factors   Evaluation grades

Basic factors Poor Fairly

Poor

Average Good Excellent

factors

Cost 0 0.1 0.4 0.5 0

Management support

and commitment

0 0 0.1 0.9 0

Organizational structure

and strategy

0 0 0.3 0.5 0.1

Organizational learning 0 0.2 0.6 0.1 0.1

Green manufacturing 0 0 0.05 0.6 0.35

Reverse logistics 0.2 0 0.3 0.5 0

Recycling and reuse

efforts

0 0.3 0.7 0 0

External
factors

Government policy and

legislation

0 0 0.2 0.8 0

Green purchasing 0 0 0.15 0.85 0

Inbound logistics 0 0.2 0.8 0 0

Outbound logistics 0 0 0.2 0.5 0.3

Competitors 0 0 0.2 0.4 0.4

Market/consumptions 0 0.5 0.5 0 0

Social 0 0 0.2 0.7 0

Customer awareness 0 0 0.2 0.5 0.3

For instance, when asked, the experts evaluated the
factor “green purchasing” and attributed a belief measure
to the evaluation grades based on the condition of the
factor for the supply chain in question. This yielded
evaluation grades for “green purchasing” to be (poor, 0),
(fairly poor, 0), (average, 0.15), (good, 0.85), and (excellent,

0). These values assigned to the evaluation grades by the
experts represent the evidence supporting that the factor
“green purchasing” is, at the time of the assessment, 0%

poor, 30% fairly poor, 50% average, 15% good, and 0%

excellent. The unaccounted 5% can be attributed to the



ignorance or uncertainty in the assessment. Experts
subjectively judged these factors and assigned the degree
of belief measures to the evaluation grades based on
organizations’ conditions regarding each factor.

2.6.2 Combining the Assessments Using DST

The subjective judgments depicted in Table 2.4 in the form
of degree of belief are combined to assess the viability of
GSCM initiatives. From the initial observation of Table 2.4,
it can be assumed that the value of the viability index
should lie above the range of average. The precise
calculation for assessment requires the consideration of
relative importance of all 16 factors affecting GSCM
initiatives. The weights illustrated in Tables 2.2 and 2.3 for
each factor are used for this purpose. The Dempster-
Shafer’s recursive rule of combination is used here as a
data fusion tool in a hierarchical evidential reasoning
structure. First, data combination is performed to get the
combined degree of belief for all internal factors by
combining eight basic internal factors, namely, eco-design,
cost, management support and commitment, organizational
structure and strategy, organizational learning, green
manufacturing, reverse logistics, and recycle and reuse
efforts as illustrated in Table 2.3 and denoted by i1, i2, i3, i4,
i5, i6, i7, and i8, respectively. Second, data combination for
external factors is done in the exact same way by
combining eight basic external factors, namely,
government policy and legislation, green purchasing,
inbound logistics, outbound logistics, competitors,
market/consumption, social, and customer awareness as
illustrated in Table 2.3 and denoted by e1, e2, e3, e4, e5, e6,
e7, and e8, respectively. As defined in Eq. 2.11, let IF = i1⊕

i2⊕ i3⊕ i4⊕ i5⊕ i6⊕ i7⊕ i8, where ⊕ denotes the aggregation of
two different factors. Similarly, let EF = e1⊕ e2⊕ e3⊕ e4⊕ e5⊕



e6⊕ e7⊕ e8. The assessment of viability of GSCM initiative
introduction considering all the factors can be illustrated
through Eqs. 2.11, 2.12, and 2.13 as seen below:

(2.11)

(2.12)

(2.13)

2.6.2.1 Interpreting the Evaluation of Viability

Index for GSCM Initiatives Using DST

Each external factor for GSCM initiatives of textile supply
chain is subjectively judged and attributed a percentage
degree of belief on the evaluation grades  as
presented below:



Each internal factor for GSCM initiatives of textile
supply chain is subjectively judged and attributed a
percentage degree of belief on the evaluation grades 

 as presented below:

The relative weights for internal and external factors are
0.67 and 0.37.

The relative weights (Wi) calculated for these internal
attributes are Wi = {Wi1, Wi2, Wi3, Wi4, Wi5, Wi6, Wi7, 
Wi8} = {0.05, 0.13, 0.21, 0.08, 0.11, 0.36, 0.03, 0.04}.

The relative weights (We) calculated for these external
attributes are We = {We1, We2, We3, We4, We5, We6, We7, 
We8} = {0.06, 0.32, 0.03, 0.03, 0.10, 0.17, 0.09, 0.21}.

The multiplication of belief data with the respective
weights assigned yields the BPA or mass function (m(Xi))
for each factor. The summation of mass function evaluation
grades for the factors may not be equal to 1. If there is
such a lag, then the difference between 1 and summation of
mass function is attributed as ignorance or uncertainty in
the data.



Assessing the Evaluation Grades for Internal Factors

Using DST

(2.14)
The BPAs determined through the multiplication of the

conditional ratings and respective weights are:

The BPA obtained from the aggregation of BPAs of two
different factors is denoted as M. The initial aggregation is
taken to be M1 = m1. The following aggregation of the
remaining factors is then continued as the following
approach:

(2.15)

After calculating the factor K, the combined BPA for the
first two attributes can be computed as follows:



The remaining internal factors are aggregated following
the same process as the aggregation of the first two
factors. The third internal factor is aggregated with the
combination of the first two factors, and subsequently, the
process is followed for all other factors. After the
completion of aggregation for all internal factors, the
combined BPA for all internal factors of GSCM initiatives is
obtained as follows:

This illustrates that , , 
,  , and .

 can be termed as the level of ignorance that is
inherent in the data, and it remains through the
combination of belief functions as DST allows these
ignorance or uncertainties to be taken into the calculation.
Performing a normalization will dissipate the ignorance to
every evaluation grade proportionally. This normalization is
done according to the following equation:

(2.16)



For the first evaluation grade, this results in 
, similar for other evaluation

grades, namely, P2 = 0.041, P3 = 0.204, P4 = 0.591, and
P5 = 0.140.

Hence, the final condition ratings found through DST for
the internal factors are {(poor, 0.004), (fairly poor, 0.041),
(average, 0.204), (good, 0.591), and (excellent, 0.140)}.

Overall Assessment for GSCM Initiative Factors Using

DST

The previous section served the purpose of illustrating the
calculation for determining the condition state based on the
belief data pertaining to the internal factors of GSCM
initiatives. Similarly, the belief data for external factors are
used to determine the condition state in terms of viability of
GSCM initiatives. Combined condition ratings for internal
and external factors are then finally combined to determine
the final condition rating for overall viability of GSCM
initiatives. The final condition rating is obtained in the form
of degree of believe measures on the evaluation grades that
were previously set. Table 2.5 illustrates the condition
rating for each general factor, whereas Table 2.6 is used to
present the overall condition rating as well as comparing it
with the final result obtained through Yager’s rule of
combination.

Table 2.5 Overall condition ratings using DST

General factors Poor Fairly poor Average Good Excellent PH

Internal factors 0.004 0.041 0.204 0.591 0.140 0.006

External factors 0.000 0.073 0.237 0.597 0.093 0.007

Overall 0.002 0.044 0.192 0.647 0.095 0.083



Table 2.6 Overall condition ratings using Yager’s rule

Factors Poor Fairly poor Average Good Excellent PH

Internal factors 0.005 0.043 0.209 0.594 0.149 0.000

External factors 0.000 0.073 0.238 0.588 0.101 0.001

Overall 0.002 0.048 0.204 0.638 0.108 0.031

2.6.2.2 Interpretive Evaluation of Viability

Index for GSCM Initiative Using Yager’s Rule

Assessment of the Internal Factors Using Yager’s Rule

The normalization in the data combination is what that sets
Yager’s rule apart from the DS rule of combination. There
is no multiplication of factor K needed in Yager’s rule as
the factor K is already shifted to ignorance or uncertainty
while it is calculated. The calculation for the factor K in
Yager’s recursive rule is performed according to the
following equation:

(2.17)

The combination according to Yager’s rule for the first
two factors of GSCM initiatives is as follows:



Overall Assessment for GSCM Initiative Factors Using

Yager’s Rule

The same process is then sequentially repeated for every
other internal factor, as it was done in the case of DS rule
of combination. Following the combination, the final
condition states in terms of degrees of belief on evaluation
grades are determined and represented as , 

, ,  , and 
. Finally, the condition ratings of the viability

index are determined to be {(poor, 0.005), (fairly poor,
0.043), (average, 0.209), (good, 0.594), and (excellent,
0.149)}.

2.6.2.3 Utility Perspective Overall Assessment

of Viability Index for GSCM Initiatives

Utility-Based Calculation of the Viability Index

Utilizing this condition rating, a single numerical value for
the viability index is computed as the utility perspective



value. A utility perspective value, as a single numerical
rating between 0 and 1, is developed in order to make it
possible to assess the viability on a scale of 0–1. Having a
scale of 0–1 in terms of viability can facilitate the decision-
making by clearly representing the condition state. This
also creates the opportunity to make relative comparisons
with set standards. For this purpose, the maximum,
minimum, and average expected utility in terms of viability
of GSCM initiatives are sequentially determined as
described in the following equations:

(2.18)

(2.19)

(2.20)

The average utility perspective measure for the viability
index for GSCM initiatives in the supply chain is 0.728990,
which defines that the supply chain is in “good” condition
to introduce successful GSCM initiatives.

Similarly, the utility perspective viability index value is
computed for the condition ratings from Yager’s rule. Both
of these utility values are then illustrated in Table 2.7.



Table 2.7 Utility perspective values obtained from DST and Yager’s rule for
GSCM

Computational approach Uavg

DST 0.728990
Yager’s rule 0.716036

2.6.2.4 Overall Result Interpretation and

Comparative Study Between DST and Yager’s

Rule

The result from Yager’s rule indicates the condition state
“good” is the state that contains the highest degree of
belief in the viability index with a 59.4% degree of belief,
which is fairly consistent with the result obtained from the
DST as the DST yielded a 59.1% degree of belief in favor of
“good” condition state. Hence, from these values, it can
reasonably be said that there is no significant variation
between the results obtained through different data
combination techniques. Thus, the Yager’s rule supports
the result of DST claiming the condition state to be “good.”
Having a “good” condition state demonstrates that the
supply chain in question, at the time of the assessment, is
in a favorable or good state to adopt GSCM initiatives.
Table 2.8 illustrates the results for overall condition
ratings.

Table 2.8 Overall condition ratings based on DST and Yager’s rule

Approach Poor Fairly poor Average Good Excellent PH

DST 0.002 0.044 0.192 0.647 0.095 0.083

Yager’s rule 0.002 0.048 0.204 0.638 0.108 0.031

The final condition ratings are presented in Fig. 2.3,
which illustrate the values of the viability index for
introducing GSCM initiatives from two data combination
approaches, namely, DST and Yager’s rule. Figure 2.3 also



illustrates the finding that the condition of the organization
is in a “good” state for introducing GSCM initiative with a
very similar degree of confidence for both approaches. The
term P_H is used to denote the uncertainty in the
calculation process. On both occasions, the viability index
denotes the overall condition of the textile company to
introduce GSCM initiatives in the supply chain to be above
average, i.e., “good” condition state. Additionally, the utility
perspective value gives the assessment result on a scale
from 0 to 1. While 0 indicates the poorest condition, 1
represents the best possible state of the organization that
is suitable to introduce GSCM initiatives and sustain them.
The resultant value of final condition rating, as indicated by
Fig. 2.3, in addition to the utility perspective value
0.728990 as shown in Table 2.7, demonstrates that the
textile company has a “good” organizational condition state
with a 59.4% degree of belief for having the capability to
introduce successful GSCM initiatives. This could be a
possible way of comparing the state of an organization at
any given moment with the ideal realistic scenarios for
assessing the prospect of any supply chain to succeed in
introducing GSCM initiatives. This also facilitates the scope
of setting a benchmark to improve conditions for
introducing GSCM initiatives.



Fig. 2.3 Degree of beliefs for each condition state in the viability index

2.7 Sensitivity Analysis

This section discusses the sensitivity analysis performed
using the weight assignments on the factors of GSCM
initiatives. This sensitivity analysis is done to verify the
accuracy of the computational process by testing under
different conditions. These conditions are taken as different
weight assignments. In this study, 36 different weight
assignments are considered for the computation. The
results obtained through both the combination rules are
compared to see if there is any significant deviation. Since
the utility perspective value from Yager’s rule fairly
matches that of DST, as illustrated in Fig. 2.4, it is
concluded that the Yager’s rule supports the result of DST.
The weight combinations used in this sensitivity analysis
are described as follows:



1. Scenarios 1–16: In this scenario, one factor is
attributed the weight of 0.5, and all the remaining
factors are assigned a weight of 0.0333.

 
2.

Scenarios 17–32: In this scenario, one factor is
considered to have the weight of 0.05, and the
remaining factors are given a weight of 0.0633.

 
3.

Scenario 33: A weight of 0.5 is assigned to the factors
with the highest and lowest utility value, and the
remaining 14 factors are assigned the weight of 0.

 
4.

Scenario 34: A weight of 0 is attributed to the factors
with the highest and lowest utility value, and all other
remaining factors are assigned the weight of 0.0714.

 
5.

Scenario 35: In this final scenario, an equal weight of
0.0625 is assigned to each factor.

 

Fig. 2.4 Results of sensitivity analysis



From Fig. 2.4, the fluctuations in the utility index value
with the change of weight combinations are clearly
identifiable. These fluctuations follow the same pattern for
both the computational processes, and the differences
between these two computational methods are minimal.
Thus, the sensitivity analysis served its purpose by
concluding that the Yager’s rule fairly matches with the
DST in their results.

2.8 Discussion

The utility value, presented in Table 2.7, in addition to Fig.
2.3, clearly gives an understanding of the condition state of
the organization in terms of their capability of successfully
introducing GSCM initiatives throughout their supply chain
and sustaining such initiatives to get a viable outcome from
those initiatives. This proposed methodology creates an
opportunity for managers to pinpoint the exact state of
their organization from a holistic point of view of their
supply chain to know if their GSCM initiatives are really
viable or not. This methodology also provides managers
with a measure of degree of belief to which the
organization is capable of ensuring a successful GSCM
initiative. This would allow the managers to consider what
changes need to be made in order to ensure successful
GSCM initiative adoption. In case the condition state is
found to be below average or in poor condition, a root
cause analysis could reveal the exact function that needs
improvement to ease the obstacles for GSCM initiatives. A
future research scope could be to explore this possibility in
a practical scenario. Without proper knowledge of the
organization itself, venturing into new GSCM initiatives
might result in severe financial ramifications for the
organization if they are not capable enough. Managers can
avoid such financial losses if there is an assessment
methodology available to measure the viability of GSCM



initiatives for their organization. Therefore, this
characteristic of our proposed model satisfies our initial
objective of fulfilling the research gap in the viability of
GSCM initiative adoption. This methodology allows the
consideration of subjective data without having to suffer
from the uncertain and incomplete nature of the subjective
data (Silva et al. 2019; Kang et al. 2019), and the
uncertainty gets dissipated during the calculation process
(Wu et al. 2005). This provides managers the benefit of
performing the assessment by taking subjective data and
making the assessment methodology less time-consuming.
Moreover, if there is any other factor identified for special
circumstances, then such factors could also be easily
incorporated in this framework.

2.8.1 Significant Implications for Managerial

Decision-Making

This study has some major implications for managers in
terms of their decision-making process. First, the study
allows managers to have a decision-making tool to assess
the condition of their own organization. The complex
nature of supply chain, stemming from the involvement of
different stakeholders, makes any GSCM initiative to face
certain obstacles. A proper holistic assessment of the
supply chain and an organization’s condition could reveal
those obstacles to the managers, reducing the probability
of failure in such GSCM initiatives. Second, the framework
proposed in this article will allow managers to make
relative comparisons with other organizations with some
ideal set conditions. This makes benchmarking and goal-
setting for organizations a lot more effective. Third, as this
methodology permits the use of subjective data by dealing
with the uncertainties through the data fusion technique,
managers could utilize surveys in order to assess their



organization’s condition regarding the viability of
introducing GSCM initiatives.

2.9 Conclusion

The environmental legislations create pressure for
organizations to make their supply chain as green as
possible, while consumer awareness is increasing this
pressure on the supply chain stakeholders continuously. To
keep up with the pressure, organizations and businesses
are opting for several GSCM initiatives. But before going
down this road of often massive financial investment that
could potentially disturb the structure of the supply chain,
the organizations need to properly analyze their situation.
That is why it is paramount to assess the viability of
venturing into such GSCM initiatives. According to the
assessment, managers need to devise their strategies and
the timing of introducing GSCM initiatives.

The viability of GSCM initiative might not depend only
on the financial aspects of the initiative itself but also the
structure of the supply chain and the organization itself.
So, a holistic assessment approach in terms of the supply
chain needs to be developed. The proposed assessment
methodology served this purpose through this study. As
such, a holistic assessment might have to deal with
subjective data more often than not, and a computational
approach is needed for the assessment framework that can
deal with the uncertainties and incompleteness of the
subjective data efficiently. The Dempster-Shafer theory is
used to serve this purpose in our study. The combination of
AHP, DST, and Yager’s rule of combination formulates the
overall assessment framework’s computational approach.
This integrated framework, in addition with the
identification of the factors affecting GSCM initiatives,



addresses all the complexities of having an assessment
framework for GSCM initiative adoption.

Appendix: Assessing the Evaluation

Grades for External Factors Using

DST

(2.21)
BPAs determined through the multiplication of the

conditional ratings and respective weights are:

The BPA obtained from the aggregation of BPAs of two
different factors is denoted as M. The initial aggregation is
taken as to be M1 = m1. The aggregation of the remaining
factors is then continued as the following approach:

(2.22)



After calculating the factor K, the combined BPA for the
first two factors can be computed as follows:

The remaining external factors are aggregated following
the same process as the aggregation of first two factors:

The normalization is done according to the following
equation:

(2.23)

Thus, P1 = 0.000, P2 = 0.073, P3 = 0.237, P4 = 0.597,
P5 = 0.093.

Hence, the final condition ratings found through DS
theory for the external factors are {(poor, 0.000), (fairly

poor, 0.073), (average, 0.237), (good, 0.597), and
(excellent, 0.093)}.
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Abstract

Sustainability and resilience are both fundamental to ensure the long-term survival of
supply chains. Considering that synergies and trade-offs exist, ensuring that their
implementation results in positive and non-detrimental applications is fundamental.
Having an adequate performance measurement framework, able to include all relevant
aspects of sustainability and resilience, in a comprehensive yet concise way, exploiting
synergies and links between the topics, is of paramount importance. A literature review
allowed retrieving that there is a lack of such a framework as well as the lack of
operativity and adaptability to the changing needs of firms. Building on this, a new
performance measurement framework was built to simultaneously include sustainability
and resilience indicators, integrating the two concepts via the capabilities and the
performances. Besides, it was designed to be operative and to be scalable, adapting to
different firms and needs. Thus, it can be adapted to the needs of small and medium
enterprises or firms at the beginning of their measurement journey. The framework was
validated with three supply chain case studies that confirmed its usefulness,
comprehensiveness, and ease of use. These results contribute to the discussion about
sustainability and resilience performance measurement and provide guidance for
practitioners and regulators.

Keywords Supply chain – Sustainability – Resilience – Performance measurement system
– Indicators – Capabilities – Empirical evidence – Scalability – Small and medium
enterprises – New adopters

3.1 Introduction

Performance measurement (PM) is fundamental for several reasons. For instance, it
allows an improved understanding of processes, spotting issues or success opportunities,
taking informed decisions, monitoring progress, and communicating effectively (Akyuz
and Erkan 2010). In light of the current trends affecting supply chains (SCs), performance
measurement has been receiving increased attention. In particular, some scholars have
initiated a conversation on how the PM should mirror the changing needs of SCs
(Elgazzar et al. 2019), suggesting that a balanced set of traditional economic performance
indicators and non-cost-related ones should be adopted (Kaplan and Norton 2005),
possibly looking not only to past performance but also providing predictions on the future
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(Mishra et al. 2018). It has also been argued that there is still a lack of adequate PM that
is able to grasp the complexity of the SC (Simão et al. 2021).

In the context of PM, indicators are “a quantitative or qualitative factor or variable that
provides a simple and reliable means to measure achievement, to reflect changes
connected to an intervention, or to help assess the performance of a development actor”
(Medini et al. 2015; Saidani et al. 2019); a PM framework, instead, has been defined as “a
collection of indicators that conveys a broader purpose and significance to the individual
indicator and provides a comprehensive picture of some entities” (Saidani et al. 2019). It
is thus important to carefully select and organize indicators to provide a broader meaning
to practitioners, who will then be using them to make informed decisions.

A nourished debate concerns the key, unavoidable characteristics of a good PM
framework (Elgazzar et al. 2019) and the indicators contained in it. PM frameworks
should include all relevant aspects related to the SC performance in an integrated way
(Simão et al. 2021). The relevant aspects included in PM frameworks should, in turn, be
related to the trends experienced at the supply chain level. Sustainability—intended as the
balance of economic, environmental, and social aspects (Cagno et al. 2019)—and
resilience have been identified as some of the fastest-growing research streams (Swanson
et al. 2018), and their mutual influence has been recognized (Fahimnia et al. 2019),
calling for a more synergic evaluation of performance. Considering that synergies and
trade-offs exist (Negri et al. 2022), this has translated into a call for an integrated PM
framework, able to monitor the intersection of sustainability and resilience in order not to
have detrimental applications (Negri et al. 2021a). Indeed, initial but strong evidence is
present on the influence sustainability and resilience have on each other. For instance, a
corporate strategy that builds on the overexploitation of resources will reduce the SC’s
resilience (Perrings 2006); disruptions may sometimes open room for a sustainability turn
(Sarkis et al. 2020); at a more operational level, improving efficiency increases
sustainability, but it will reduce effectiveness and resilience (Fahimnia et al. 2019). The
first study of the expected impacts of sustainability and resilience practices was carried
out by Negri et al. (2022). This study highlights that although most of the practices
develop synergies between sustainability and resilience, some might end up as trade-offs.
It is the case, for instance, of eco-design, which might have initial detrimental effects on
the cost performance of firms (Green et al. 2012). Additionally, certifications have positive
environmental, social, and resilience impacts but entail higher initial costs (Negri et al.
2022). All these elements should be accounted for in an integrated PM framework, so as
to ensure that firms and SCs are heading towards improved sustainability and resilience.

Such a framework is still absent from the literature, but there have been attempts to
broaden the scope of traditional PM to include these relevant aspects. For instance, in
recent developments, PM frameworks evolved to include environmental and social aspects
(Simão et al. 2021). Nonetheless, there still needs to be a structured approach to
integrate sustainability and resilience PM.

Finally, there is the need to address a practical problem in firms. As mentioned, firms
should measure all relevant aspects of their performance to track progress correctly,
benchmark results, and communicate effectively. However, firms are often time- and
resource-constrained and are often not willing or capable of monitoring too many
indicators (Neri 2021). Thus, they often call for synthetic yet complete frameworks that
allow them to have a limited number of indicators while maximizing the information
contained (Cagno et al. 2019). This is exacerbated in small and medium enterprises
(SMEs), which usually are time-, staff-, money-, and competency-constrained, and new
adopters (NAs), which are at the beginning of their PM journey and may lack adequate
awareness to use sophisticated tools (Negri et al. 2021b). It has therefore been argued
that PM should adapt to the changing firms’ requirements (Bititci et al. 2015).

In the following sections, an overview of the sustainability and resilience PM
frameworks is provided (Sects. 3.1.1, 3.1.2, and 3.1.3), and the main gaps found in the
extant literature are highlighted in Sect. 3.1.4. Section 3.2 proposes a methodology for



the development of a new, integrated, sustainability, and resilience performance
measurement framework. Section 3.3 presents the methodology used to test the
developed framework, and the results are outlined in Sect. 3.4. Finally, Sects. 3.5 and 3.6
report, respectively, the discussion of results and final conclusions, with some suggestions
for interesting future research paths.

3.1.1 Supply Chain Sustainability Performance Measurement

The contributions related to sustainability PM have been growing, although some major
issues concerning the lack of triple bottom line (TBL) balance and supply chain
consideration are still raised (Saeed and Kersten 2020).

Ahi and Searcy (2015) reviewed the literature and provided a methodology to measure
performance in sustainable and green SCs. The authors stressed the general lack of
agreement on how to measure the sustainability performance, although the number of
indicators has been proliferating. This resulted in the need to standardize metrics and
terminology to facilitate benchmarking activities and avoid confusion. The authors
highlighted that PM frameworks should address multiple characteristics of the SCs.

Neri et al. (2021) comprehensively evaluated the past literature on SC PM and built a
TBL-balanced framework of indicators. The authors stressed the fact that PM frameworks
should have a long-term perspective; should balance economic, environmental, and social
aspects; and should focus on the overall SC instead of on local optimization at the firm
level. Most importantly, the authors stressed the fact that PM frameworks should adapt to
the context and firms’ requirements, suggesting that a scalable framework might initially
guide firms in their PM journey, turning them into a more complex and complete tool as
firms’ awareness and resources increase.

This aspect has been underlined several times in the past literature, especially in
relation to SMEs. SMEs make up a significant part of the European economy, accounting
for 99% of the firms in the private sector (Mura et al. 2020), whose collective
environmental impact accounts for 60–70% (Witjes et al. 2017). As traditional tools may
not be suitable for the characteristics of SMEs (Johnson 2015), it is necessary to provide
adequate guidance for these firms. A similar reasoning could be valid for larger firms that
approach sustainability for the first time, i.e. new adopters (Negri et al. 2021b), that
might have similar requirements in terms of tools and guidance as SMEs.

In light of the trend that sees sustainability PM expands its scope to include deeper
meaning, there are interesting avenues of research that combine sustainability and
circular economy (CE) indicators, merging them as complementary and partially
overlapping concepts (Rossi et al. 2020; Lee et al. 2021), which combine sustainability
and industrial symbiosis (IS) indicators, considering the complementarity between the
concepts (Fraccascia and Giannoccaro 2020), or which provide integration for
sustainability, CE, and IS indicators (Cagno et al. 2023). Increasing attention has also
been given to developing and standardizing indicators for the social dimension, which has
been somewhat neglected in the past literature (Mies and Gold 2021).

Subramanian and Gunasekaran (2015) proposed a classification of performance
indicators based on an extensive literature review and found that some areas are not
covered by proper sustainability indicators, such as product design and IT.

In general terms, while the economic dimension is well-established, there still needs to
be consensus on the environmental dimension, which has seen a proliferation of new
indicators, and the social one that is usually limited to health and safety (Cagno et al.
2019). The economic dimension usually consists of costs, profits, and investments. The
environmental dimension usually concentrates on resource use, emissions, waste, and
pollution. Finally, the social dimension generally consists of employees, customers, health
and safety, and community (Mengistu and Panizzolo 2022). Table 3.1 reports the PM
framework formulated by Neri et al. (2021), which represents one of the most recent,
complete, and TBL-balanced proposed frameworks in the literature.



Some studies have also started analysing the role of capabilities in the outcome
obtained by firms and SCs. Ordinary capabilities “involve the performance of
administrative, operational, and governance-related functions that are (technically)
necessary to accomplish tasks”, while dynamic capabilities “involve higher-level activities
that can enable an enterprise to direct its ordinary activities towards high-payoff
endeavours” (Teece 2014). Considering that SCs are evaluated not only according to their
financial performance but also on their environmental and social ones (Beske 2012), there
is initial evidence that the firms’ sustainability performance is driven by the ability of
firms to monitor their performance and promote the creation of the necessary operational
routines, metrics and behaviours (Gelhard and von Delft 2016). It has also been pointed
out that the relation between practices and firms’ performance is mediated by the
capabilities (Gelhard and von Delft 2016). More often, sustainability is studied according
to the dynamic capabilities theory, which requires firms to reconfigure their ordinary
capabilities to obtain a long-term competitive advantage (Beske 2012; Felsberger et al.
2022).

Table 3.1 Performance measurement framework and indicators

Category Indicator Performance areas Performance

Financial Return on
investment

Economic and
financial, cost

Financial performance (profitability)

Return on sales Economic and
financial, cost

Financial performance (profitability)

Return on
assets

Economic and
financial, cost

Financial performance (profitability)

Total SC cost Cost SC cost, direct cost, indirect cost
Inventory costs Cost, inventory Direct cost, inventory level, inventory performance
Cash-to-cash
cycle time

SC cycle times:
Economic and
financial, cost

Cycle time: Financial performance (profitability)

Internal
process

Capacity
utilization

Production, flexibility Performance, operation flexibility

Recycling Environment, cost,
product

Reuse and recycling, direct cost, responsibility

Certification Management, quality,
environment, social

Awareness, procedure, ethical conduct, quality management,
environmental management, environmental ethical conduct,
environmental cost, social management, social-related cost,
social ethical conduct

SC
responsiveness

SC cycle times,
flexibility,
management,
information, suppliers,
customers

Cycle time, production flexibility, motivational effort, extent of
sharing information, characteristics of information,
collaboration, characteristics (suppliers), service (customers)

SC cycle time SC cycle times,
performance,
information, suppliers

Cycle time; schedule, lead time; time, flexibility; extent of
sharing information; characteristics of information;
collaboration; characteristics (suppliers)

Process cycle
time

SC cycle times,
performance,
flexibility

Cycle time, lead time, production, process, schedule, efficiency,
throughput, operation flexibility

Learning
and growth

Labour
efficiency

Production, flexibility Performance, operation flexibility

New product
development
time

Performance, product,
flexibility, SC cycle
time

R & D, innovation, design, responsibility, production flexibility,
cycle time, lead time

Investments Financial and
economic,
performance

Economic performance, R & D, process



Category Indicator Performance areas Performance

Integration
with SC
partners

Suppliers, information Dependency, performance (suppliers), collaboration,
characteristics (suppliers); extent of sharing information,
characteristics of information, reverse SC

Use of new
technology

Performance IT

Customer Market share Financial and
economic; customers

Economic performance, customers’ characteristics

Customer
satisfaction

Customer, quality Customer satisfaction, customer service, return service

Product quality Product, quality Defectiveness, responsibility, product quality
Product/service
variety

Product, flexibility;
customers

Product characteristics, production flexibility, customer service

Order
fulfilment

Order procedures and
delivery

Order performance, invoice, delivery performance

Delivery
reliability

Order procedures and
delivery, cost,
product, inventory, SC
cycle times

SC cost, direct cost, indirect cost, lead time

Environment Energy use Environment Resource consumption
Water use Environment Resource consumption, reuse and recycling
Material use Environment,

performance, cost
Resource consumption, direct costs, production, reuse and
recycling

Environmental
impacts

Environment Emission, environmental management, environmental ethical
conduct

Waste Environment, cost Waste, reuse and recycling, direct cost
Social Community

relationships
Social External stakeholders, community

Philanthropic
investments

Social Ethical conduct, community

OHS
performance

Social Employees; social-related cost

Labour
turnover

Social, costs Employees, direct cost

Employee
satisfaction

Management Employees, motivational effort, indirect cost

Neri et al. (2021)

3.1.2 Supply Chain Resilience Performance Measurement

The PM concerning supply chain resilience (SCRes) is relatively new, and only recently
have some studies attempted to standardize the topic (Karl et al. 2018). Common SCRes
indicators are the time to recovery, recovery level, and lost performance because of the
disruption (Behzadi et al. 2020). However, there has been a proliferation of indicators and
different methodologies to assess resilience. Rajesh (2016) proposed five indicators
classified into flexibility, responsiveness, quality, productivity, and accessibility.
Chowdhury and Quaddus (2017) elaborated a scale based on the dynamic capability
theory, proposing a set of 63 indicators.

Much of the attention of the literature is now on assessing the level of resilience of SCs
and networks (Sahu et al. 2017), often computing an index of resilience (Wang et al.
2016). While this can be useful for communication purposes, how this information should
be used by decision-makers should be made clearer.

SCRes is often linked to the concept of capabilities (Chowdhury and Quaddus 2017), as
SCs are required to have a continuous process of adaptation and reconfiguration of their
resources and capabilities to respond to disruptions. The role of capabilities is quite



established in the SCRes literature, as SCRes itself is defined as an operational capability
that allows firms to survive, adapt, and grow in turbulent environments (Brusset and
Teller 2017). Some authors argue that the vulnerabilities present in all SCs should be
balanced with elements that form capabilities (Pettit et al. 2013). More recently, the
SCRes capabilities have turned to be used as a proxy for SCRes performance (Kaviani et
al. 2020), as the implementation of capabilities is often linked with an improved SCRes
performance (Carvalho et al. 2012b). This study confirms what was established in his
research by Birkie et al. (2017), who stated that the practices implemented regularly by
SCs may help develop capabilities and ultimately ensure SCRes performance.

Fiksel et al. (2015) identified 16 capabilities that allow SCs to counterbalance
vulnerabilities: “flexibility in sourcing”, “flexibility in manufacturing”, “flexibility in order
fulfilment”, “production capacity”, “efficiency”, “visibility”, “adaptability”, “anticipation”,
“recovery”, “dispersion”, “collaboration”, “organization”, “market position”, “security”,
“financial strength”, and “product stewardship”.

Han et al. (2020) performed a study that systematically reviewed the recent literature
on SCRes performance (Table 3.2). This represents one of the first comprehensive
frameworks found in the extant literature, which links the PM of resilience with
capabilities. As commonly done (Ali et al. 2017), the authors divided capabilities and
performance into three phases of resilience, namely, readiness, response, and recovery.

Table 3.2 Framework for SCRes measurement

Phase Capabilities Performance

Readiness Situation awareness Performance of discerning possible disruptions
Visibility Performance of overseeing the supply chain situation
Redundancy Performance of production and inventory

Response Agility Efficiency of completing supply chain processes
Flexibility Efficiency of responding the disruptions
Collaboration Performance of relationship management

Recovery Contingency planning Reconstruction of the supply chain
Efficiency of recovery to normality

Market position Performance of maintaining customer satisfaction
Damage from disruption
Financial performance

Adapted from Fiksel et al. (2015), Chowdhury and Quaddus (2016), Ali et al. (2017), and
Han et al. (2020)

3.1.3 Supply Chain Sustainability and Resilience Performance

Measurement

Initial evidence suggests that integrating sustainability and resilience into strategic
decision-making will improve the performance of SCs (Ruiz-Benitez et al. 2019; Negri et
al. 2022).

Ramezankhani et al. (2018) developed a model for SC sustainability and resilience
evaluation, by developing a dynamic network DEA model to identify inefficiencies and
propose improvements to managers. However, this model tends to be quantitative and
complex to use for practitioners, who would need the guidance of experts, and it only
considers a few factors in the evaluation, namely, costs, number of employees, average
inventory, employees’ satisfaction, profits, and recyclable waste. Arguably, there are
many more aspects that need to be assessed to grasp the level of sustainability and
resilience in SCs.

A quite nourished field of study is the development of LARG indexes, to measure the
leanness, agility, resilience, and greenness of supply chains (Cabral et al. 2012; Azevedo



et al. 2016). Azevedo et al. (2013) proposed an Ecosilient index computed starting from
the practices and performance of single firms in the SC, constituting two separate
resilience and greenness indicators. These two indicators are then merged into an
Ecosilient index. Also in this case, the TBL balance is not included, as only the
environmental aspect is considered.

Kaur et al. (2020) developed a model to assess and rank suppliers and production
modes that consider environmental criteria, such as carbon emissions during ordering,
holding, and transportation, under an uncertainty scenario. However, the simultaneous
PM of sustainability and resilience is not considered.

Kazemi Matin et al. (2021) proposed a model to measure sustainability and resilience
in blood supply chains, although focusing on mainly economic factors for their analysis.
Ruiz-Benitez et al. (2019) performed a study in the aerospace sector to measure
sustainability and resilience performance. The authors included a mix of operational and
economic performance indicators to assess, i.e. costs, on-time deliveries, product quality,
and capacity utilization. Owida et al. (2022) analysed the COVID-19 pandemic as a case
study, to provide insights on newly developed PM for linking sustainability and resilience.
The authors found that some new indicators were applied, mainly measuring economic
sustainability and robustness (i.e. products sold, number of weeks of the horizon,
percentage of changeover loss in the overall equipment effectiveness (OEE) loss tree,
days on hand, percentage of reduced errors, and cost reduction) and measuring social
sustainability and robustness (number of workers per line per zone, the social distance
between workers, percentage of virtual teams, number of subject 1 cases, and further
virus transmission). The study concluded that there needs to be better integration of the
concepts and more research on proper indicators to measure the integration of
sustainability and resilience.

Hervani et al. (2022) provided a PM framework to evaluate the social pillar in
sustainable and resilient supply chains, which is fundamental to allow firms to thrive in
uncertain times. The authors argued that during disruptions, sustainable firms tend to be
more sustainable from a social and environmental viewpoint, by allowing the right degree
of redundancies in terms of collaboration, coordination, and flexibility . The dimensions of
socially sustainable capabilities considered in the article are “internal human resources”,
“external population”, “stakeholder and participation”, and “macro-social issues and
concerns” (Hervani et al. 2022). The authors also stated that firms may use market-based
indicators—“avoided cost method”, “cost-of-illness method”, “expenditure approach
method”, “damage assessment method”, and “productivity method”—to evaluate the
impact of their social practices on building more resilience.

3.1.4 Research Gaps

The literature review presented shows that there are several gaps concerning SC
sustainability and resilience PM.

First, there is a lack of an adequate framework able to simultaneously measure
sustainability and resilience performance, also because of the complexity of developing
adequate considerations for the purpose (Negri et al. 2021a). Indeed, several authors still
focus on green and resilient SCs (Sen et al. 2018; Ruiz-Benitez et al. 2019; Mohammed
2020), overlooking a TBL-balanced sustainability. Some authors focus on sustainability
and risk assessment (Xu et al. 2019; Abdel-Basset and Mohamed 2020), on sustainability
assessment under risk conditions (Almeida et al. 2016), or on resilient assessment of
green supply chains (Mohammed et al. 2020). A comprehensive study that delivers a
balanced PM framework to measure sustainability and resilience is still absent.

Second, the frameworks present in the extant literature lack operativity (Um and Han
2020), as they often do not provide guidance or metrics for practitioners to use. In other
cases, the indicators and indexes are way too complex (Suryawanshi et al. 2021), so their
use and interpretation may be too difficult for practitioners.



Finally, none of the frameworks present in the literature provide scalability
considerations. As mentioned, firms are often resource-, skills-, and time-constrained and
may require a simpler tool to use, while larger, more aware, or competent firms may
benefit from a more sophisticated one (Cagno et al. 2019). This encourages the
development of different versions of the framework, with different levels of complexity, so
firms can select the one that best suits their needs and possibly allow to scale it up as
firms’ requirements evolve (Bititci et al. 2015).

3.2 Developing a New, Integrated Framework for

Sustainability and Resilience Performance Measurement

This section aims at presenting a new, integrated SC sustainability and resilience PM
framework, developed to provide an answer to the gaps identified. Considering that there
are very few contributions exploring the PM of sustainability and resilience, the first step
consisted of integrating the existing considerations on sustainability PM and resilience
PM to solve the first research gap identified. The starting point was therefore an analysis
of the existing separate frameworks to measure SC sustainability and SCRes. The two
concepts, performance and indicators, have been elaborated and merged to obtain a first
version of the framework (full framework, as reported in step 1 of Fig. 3.1). To address
the second research gap, the framework has been intentionally built to be operative
(Cagno et al. 2019). Thus, the indicators including a description and metrics are provided.
Besides, the link to the capabilities of sustainability and resilience allows to have further
operativity, by highlighting the relation between the wanted performance and the
practices to implement to obtain it (Han et al. 2020).

Fig. 3.1 Development process of the full and core frameworks

Subsequently, in response to the third research gap identified, the framework has been
refined to come up with a simpler, more synthetic version (core framework, as reported in
step 2 of Fig. 3.1). Taking inspiration from Cagno et al. (2019), the indicators were
analysed to eliminate repetitions and better exploit synergies, so as to come up with a
lower number of indicators but keeping a sufficient amount of information, as reported in
Fig. 3.2.



Fig. 3.2 Content of information of the full and core frameworks

Details of the passages and assumptions made are presented in Sects. 3.2.1 and 3.2.2.
As mentioned, the first highlighted literature gap is the lack of an adequate framework

to measure SC sustainability and resilience simultaneously, so as to exploit their synergies
and avoid detrimental applications.

As the literature on sustainability and resilience PM, taken separately, is quite
developed, two recent and complete PM frameworks have been taken from the literature.
These have been re-elaborated to fit the purpose of creating a unique framework for
sustainability and resilience PM.

Concerning sustainability, the study by Neri et al. (2021) was taken as a reference for
the development for the following reasons: Firstly, the paper performs a comprehensive
literature review on the topic of SC sustainability PM, contributing to establish standards
to measure sustainability. Secondly, it provides balance among the TBL, which was often
highlighted by authors as a still existing gap. Thirdly, the framework is tested empirically
with firms and supply chains, which makes it more robust.

Concerning SCRes, the study by Han et al. (2020) was selected. Once again, this study
represents one of the most recent literature reviews on the topic, thus creating
established concepts on which to build further considerations. Second, this model allows
connecting performance with the capabilities of resilience. This is particularly useful to
make the framework operative, as performance could be easily connected to the practices
and bring higher levels of implementation. The practices are here intended as the
operational interventions that allow to reach a certain performance (Um and Han 2020).

Building on the two frameworks retrieved in the past contributions, the final structure
of the proposed PM framework is presented below.

To begin with, a common structure between sustainability and resilience had to be
established.

Four main levels have been used (Fig. 3.3): First, it is the dimensions of sustainability
and resilience, as the widest categorization possible. The concept of dimensions is quite
established in the SCRes literature, and they correspond to the phases of resilience,
namely, readiness, response, and recovery (Ali et al. 2017). The same concept is not as
present in the extant sustainability literature, but we linked it to the pillars of the TBL,
namely, economic, environmental, and social (Carter and Rogers 2008) for symmetry.



Fig. 3.3 Relationship among the level of the framework

The second level consists of capabilities. As mentioned, the concept of capabilities is
quite established in the SCRes literature, but it is also present for sustainability. In the
context of sustainability, the proposed framework refers to ordinary capabilities, defined
as those capabilities that allow firms to operate and obtain certain performances (Teece
2014; Kalubanga and Gudergan 2022). In this proposed framework, only operational
capabilities are included since the framework aims at assessing the capabilities in a
specific moment in time and not their evolution over time. The sustainability capabilities
considered are “financial”, “internal process”, “learning and growth”, “customer”,
“environment”, and “social” (Neri et al. 2021), which have been elaborated considering
various authors. The resilience capabilities have been re-elaborated based on the studies
by Han et al. (2020) and other authors (Karl et al. 2018). The capabilities allow to give
operativity to the framework, as they can be connected to the practices to implement to
improve specific performance (Han et al. 2020). By adding this level, practitioners can
focus on the most relevant practices to obtain the wanted outcome. Besides, both in the
sustainability (Gelhard and von Delft 2016) and in the resilience literature (Birkie et al.
2017), the link between practices and performance is mediated by the capabilities, so
much so that capabilities often are considered a proxy of performance (Kaviani et al.
2020).

The third level consists of the performance. The sustainability performance has been
derived from the indicators proposed by Neri et al. (2021) and is present in Table 3.3. The
resilience performance has been derived by Han et al. (2020), with the addition of the
knowledge management performance in correspondence of the respective capability (Karl
et al. 2018).

Table 3.3 Sustainability structure

Capabilities Performance Indicators Dimensions

Financial Performance in having a profitable business Return on
investment

Economic

Return on sales
Return on assets

Performance in controlling SC-related costs Total SC cost
Inventory cost

Performance in converting cash outflows in inflows Cash-to-cash cycle
time

Growth Performance in having a productive and flexible
workforce

Labour efficiency



Capabilities Performance Indicators Dimensions

Performance in improving the quality of business over
time

New product
development time
Use of new
technology
Investments in
innovation

Customer-related Performance in winning the customers’ choice Market share
Customer
satisfaction

Performance in providing the product/service and the
correlated services

Product quality
Product/service
variety
Order fulfilment
Delivery reliability

Process-related Performance in having a set of efficient production
activities

SC cycle time
Process cycle time
SC responsiveness
Capacity utilization

Efficient consumption
of resources

Performance in efficiently managing natural/non-natural
resources across the processes

Energy use Environmental
Water use
Key material use

Performance in having a proof of environmentally
sustainable operations

Certifications

Effective waste
management

Performance in virtuously managing processes to
efficiently control waste creation

Environmental
impact
Waste
Recycling

Positive public
relations

Performance in managing relations outside the firm with
other firms and single people

Community Social
Relationships
Philanthropic
investments

Efficient supply chain visibility Speed of
information-sharing
Accuracy of
information-sharing

Positive employee-
firm relations

Performance in managing relations within the firm, with
existing workers

OHS performance
Labour turnover
Employee
satisfaction

Adapted from Neri et al. (2021)

Finally, the fourth level consists of the indicators. Both sustainability and resilience
indicators have been collected from various contributions in the past literature. Some
indicators have been added, for instance, “Speed of information-sharing” and “Accuracy
of information-sharing”, as they are present in the literature as important aspects of
sustainability (Charkha and Jaju 2014; Narimissa et al. 2020) and they are also widely
considered in resilience (Fiksel et al. 2015; Chowdhury and Quaddus 2017). Therefore, it
is interesting to highlight this synergy by adding these two indicators. More specifically,
resilience indicators have been retrieved by Cabral et al. (2012), Azevedo et al. (2013),
and Behzadi et al. (2020), as the number and typology of indicators are relatively less
standardized.



There are several links among the levels described so far: First, one indicator can
measure one or more performances and can belong to one or more dimensions. Second,
one performance can be linked to one or more capabilities, and one capability can refer to
one or more performances (n:n) (Table 3.4).

Table 3.4 Resilience structure

Capabilities Performance Indicators Dimensions

Situation awareness Performance of discerning
possible disruptions

Quality of forecast Readiness
Supply chain alertness
Disruption probability

Visibility Performance of overseeing the
supply chain situation

Order accuracy
Visibility
Monitoring and maintenance
Reliability
Disaster preparation

Redundancy Performance of production and
inventory

Production changeover/production run
length
Total average inventory across distribution
centres
Stock-out rate
Reserve capacity

Knowledge
management and
culture

Development of supply chain
knowledge management

Investment in knowledge-sharing

Preparation of contingency plans

Agility Efficiency of completing supply
chain processes

Lead time ratio Response
Lead time reduction
Speed of critical activities

Flexibility Efficiency of responding the
disruptions

Responsiveness
Internal flexibility
Alternative options to ensure production
External flexibility

Collaboration Performance of relationship
management

Collaboration, information-sharing, trust, and
risk- and revenue-sharing
SC relationship
Risk management infrastructure
Supply network resilience
Cooperation

Contingency planning Reconstruction of the supply
chain

Resource reconfiguration scale Recovery
Contingency plan

Efficiency of recovery to
normality

Profile length
Performance loss
Recovery rate

Market position Performance of maintaining
customer satisfaction

Customer service level
Customer satisfaction
Percentage of unfulfilled demand
Post-disruption mitigation capabilities

Damage from disruption Supply chain disruption scale
Disruption impact
Ripple effect

Financial performance Total SC cost



Capabilities Performance Indicators Dimensions

Efficiency
Financial perspective

Adapted from Han et al. (2020)

3.2.1 Full Framework

The selection process was initiated by the indicator selection, which was done based on
the following criteria:
1.

Overlapping definitions, sufficiently similar to eliminate indicators without losing key
information. Indicators that present the same definition but have different names or
indicators that can be derived from each other have been incorporated (Cagno et al.
2019). In this way, the model is streamlined in the number of indicators (thus
becoming more usable by firms) without losing important information and thus
completeness.

 

2.
Measurability, as some indicators have clearer formulas or are more easily
computable with data already available for firms. Indicators with clear and simpler
formulas have been prioritized (Tangen 2005).

 
3.

Ratios rather than absolute numbers, as they are easier to understand (Tangen 2005). 
4.

Relevance. Indicators that are particularly relevant for the sustainability or resilient
PM have been kept (Cagno et al. 2019).

 
5.

Balance among the dimensions, considering both sustainability and resilience
broadly, and the single dimensions (i.e. economic, environmental, social, readiness,
response, recovery). In doing so, we have preferred comprehensiveness to precision
over certain aspects, considering that having a comprehensive view allows to have a
better understanding and take better decisions.

 

It is important to note that when an indicator was discarded from the framework, its
information was not lost but absorbed into the remaining indicator, as done in previous
literature (Cagno et al. 2019). In particular, the remaining indicator would acquire the
capabilities, performance, and dimensions of the discarded indicator. In this way, the
framework keeps as much information as possible but has a more manageable number of
indicators (Negri et al. 2021b).

The complete list from the two single sustainability and resilience frameworks
consisted of 76 indicators, 26 performance, 17 capabilities, and 6 dimensions.

A first screening of the lists of indicators allowed to remove duplicates. For instance,
the “Customer satisfaction” indicator was included twice, as a measure of sustainability
and as a measure of resilience. In the first case, it represents a customer-related
capability and measures the performance of winning the customers’ choice, therefore the
economic dimension of sustainability. In the second case, it belongs to the recovery
dimension. It is therefore more focused on the ability of the organization to recover
performance after a disruption and thus keep the customer satisfied. In both cases,
however, the indicator is defined as the degree of customer satisfaction, i.e. the number of
satisfied customers out of the total (Aramyan et al. 2007; Cabral et al. 2012; Han et al.
2020). As the two indicators have the same formula, only one was kept in the framework.
To clarify, the “Customer satisfaction” indicator left contains both the recovery and the
economic dimensions, including the performance of maintaining customer satisfaction and
winning the customers’ choice.



As a second example, “Total SC cost” is present in both resilience and sustainability
lists. It measures the total cost of fulfilment related to the company’s operations
(economic sustainability) and at the same time the economic losses in the recovery phase
(Carvalho et al. 2012b; Xu et al. 2016). Since the indicators have the same formula, only
one of them was kept in the framework, and the dimensions, capabilities, and
performance have been integrated into a single indicator.

Finally, the last couple of duplicate indicators were “Process cycle time” in the
sustainability part and “Production changeover/production run length” in the resilience
part. The first one is defined as “the time required by the SC from the time the product
begins its manufacture to the time it is completely processed” (Neri et al. 2021). Likewise,
the second one is a measure of the time to produce and the time to change production
(Han et al. 2020). Therefore, since they have the same formula, only “Process cycle time”
was kept in the framework.

Subsequently, the indicators were further analysed in order to understand whether the
indicators presented as a measure of resilience can equally measure sustainability and
vice versa, in order to have a successful integration of the two concepts in a single
framework. Each indicator was classified in terms of dimensions covered. For example,
“Capacity utilization” was present in the sustainability list, under the economic dimension.
Indeed, it represents the efficiency of resource use, i.e. the intensity with which resources
are used in production (Gunasekaran et al. 2001; Neri et al. 2021). At the same time, it
can also be seen as a measure of the environmental dimension, as it accounts for the
oversizing of production means which generate environmental harm without an adequate
value added to the process (Du et al. 2020). Moreover, “Capacity utilization” is also
capable of measuring resilience, since it quantifies the flexibility and the ability of
production systems to quickly respond to a disruption (Ivanov 2021). Therefore, based on
the literature, it is possible to state that the “Capacity utilization” indicator represents
three different dimensions: economic, environmental, and response. Hence, it is capable
of measuring both resilience and sustainability. Another interesting example is
“Cooperation”, listed as a measure of the agility of the company in responding to a
disruption. However, in the literature, this indicator also includes aspects of social and
environmental sustainability. Indeed, by having closer collaboration with suppliers, firms
may have higher visibility of their regulations and certifications and can influence them to
adopt more sustainable practices (Gualandris and Kalchschmidt 2015; Hannibal and
Kauppi 2019). To summarize, three dimensions can be attributed to the “Cooperation”
indicator: response, social, and environmental.

This process of the intersection was repeated for all indicators, ultimately arriving at a
set of 73 indicators, as presented in Table 3.5.

Table 3.5 Full framework

Capabilities Performance Indicator Dimension

Positive public
relations

Efficient supply chain visibility Accuracy of information-

sharing

Readiness
Social

Flexibility Efficiency of responding the disruptions Alternative options to ensure

production

Response

Process-related Performance in having a set of efficient
production activities

Capacity utilization Economic
Environmental
Response

Financial Performance in converting cash outflows in
inflows

Cash-to-cash cycle time Economic
Readiness

Efficient
consumption of
resources

Performance in having a proof of environmentally
sustainable operations

Certifications Environmental

Readiness

Collaboration Performance of relationship management Collaboration between Environmental



Capabilities Performance Indicator Dimension

supply chain agents Response
Social

Positive public
relations

Performance in managing relations outside the
firm with other firms and single people

Community Social

Contingency
planning

Reconstruction of the supply chain Contingency plan Recovery

Collaboration Performance of relationship management Cooperation between supply

chain agents

Environmental
Response
Social

Market position Performance in winning the customers’ choice   Economic
Customer-related Performance of maintaining customer satisfaction Customer satisfaction Recovery

Social
Market position Performance of maintaining customer satisfaction Customer service level Recovery
Customer-related Social
Customer-related Performance in providing the product/service and

the correlated services
Delivery reliability Economic

Visibility Performance of overseeing the supply chain
situation

Disaster preparation Readiness

Market position Damage from disruption Disruption impact Recovery

Situation awareness Performance of discerning possible disruptions Disruption probability Readiness

Market position Financial performance Financial efficiency Recovery

Positive employee-
firm relations

Performance in managing relations within the
firm, with existing workers

Employee satisfaction Social

Efficient
consumption of
resources

Performance in efficiently managing natural/non-
natural resources across the processes

Energy consumption Environmental

Effective waste
management

Performance in virtuously managing processes to
efficiently control waste creation

Environmental impact Environmental

Flexibility Efficiency of responding the disruptions External flexibility Response

Market position Financial performance Financial perspective Economic
Recovery

Flexibility Efficiency of responding the disruptions Internal flexibility Response

Financial Performance in controlling SC-related costs Inventory cost Economic

Knowledge
management and
culture

Development of supply chain knowledge
management

Investment in knowledge-

sharing

Readiness

Growth Performance in improving the quality of business
over time

Investments in innovation Economic
Readiness

Efficient
consumption of
resources

Performance in efficiently managing natural/non-
natural resources across the processes

Key material Environmental
Readiness
Social

Growth Performance in having a productive and flexible
workforce

Labour efficiency Economic
Readiness

Positive employee-
firm relations

Performance in managing relations within the
firm, with existing workers

Labour turnover Social

Agility Efficiency of completing supply chain processes Lead time ratio Response
Agility

Agility Efficiency of completing supply chain processes Lead time reduction Response
Agility

Customer-related Performance in winning the customers’ choice Market share Economic



Capabilities Performance Indicator Dimension

Visibility Performance of overseeing the supply chain
situation

Monitoring and maintenance Readiness

Growth Performance in improving the quality of business
over time

New product development

time

Economic

Positive employee-
firm relations

Performance in managing relations within the
firm, with existing workers

OHS performance Social

Visibility Performance of overseeing the supply chain
situation

Order accuracy Readiness

Customer-related Performance in providing the product/service and
the correlated services

Order fulfilment Economic

Market position Performance of maintaining customer satisfaction Percentage of unfulfilled

demand

Recovery

Contingency
planning

Efficiency of recovery to normality Performance loss Economic
Recovery

Positive public
relations

Performance in managing relations outside the
firm with other firms and single people

Philanthropic investments Social

Market position Performance of maintaining customer satisfaction Post-disruption mitigation

capabilities

Recovery

Knowledge
management and
culture

Development of supply chain knowledge
management

Preparation of contingency

plans

Readiness

Customer-related Performance in providing the product/service and
the correlated services

Product quality Economic

Customer-related Performance in providing the product/service and
the correlated services

Product/service variety Economic

Process-related Performance in having a set of efficient
production activities

Process cycle time Economic

Redundancy Performance of production and inventory Readiness
Contingency
planning

Efficiency of recovery to normality Profile length Recovery

Situation awareness Performance of discerning possible disruptions Quality of forecast Readiness

Contingency
planning

Efficiency of recovery to normality Recovery rate Recovery

Effective waste
management

Performance in virtuously managing processes to
efficiently control waste creation

Recycling Environmental

Positive public
relations

Performance in managing relations outside the
firm with other firms and single people

Number of relevant

relationships

Response
Social

Visibility Performance of overseeing the supply chain
situation

Reliability Readiness

Redundancy Performance of production and inventory Reserve capacity Readiness

Contingency
planning

Reconstruction of the supply chain Resource reconfiguration

scale

Recovery

Flexibility Efficiency of responding the disruptions Responsiveness Economic
Response

Financial Performance in having a profitable business Return on assets Economic
Recovery

Financial Performance in having a profitable business Return on investment Economic
Recovery

Financial Performance in having a profitable business Return on sales Economic
Recovery

Market position Damage from disruption Ripple effect Recovery



Capabilities Performance Indicator Dimension

Collaboration Performance of relationship management Risk management

infrastructure

Response

Process-related Performance in having a set of efficient
production activities

SC cycle time Economic

Process-related Performance in having a set of efficient
production activities

SC responsiveness Economic
Response

Agility Efficiency of completing supply chain processes Speed of critical activities Response

Positive public
relations

Efficient supply chain visibility Speed of information-sharing Readiness
Social

Redundancy Performance of production and inventory Stock-out rate Economic
Readiness

Collaboration Performance of relationship management SC relationship Response

Situation awareness Performance of discerning possible disruptions Supply chain alertness Readiness

Market position Damage from disruption Supply chain disruption scale Recovery

Collaboration Performance of relationship management Supply network resilience Response

Redundancy Performance of production and inventory Total average inventory

across distribution centres

Readiness

Market position Financial performance Total SC cost Economic
Recovery

Growth Performance in improving the quality of business
over time

Use of new technology Economic

Visibility Performance of overseeing the supply chain
situation

Visibility Economic
Readiness
Social

Effective waste
management

Performance in virtuously managing processes to
efficiently control waste creation

Waste generation Economic
Environmental
Social

Efficient
consumption of
resources

Performance in efficiently managing
natural/nonnatural resources across the
processes

Water use Environmental

3.2.2 Core Framework

The last highlighted literature gap is the lack of scalability of existing frameworks, which
are therefore not capable of adapting to the different and evolving requirements of firms.
The importance of scalability in PM has already been recognized in past contributions
(Bititci et al. 2015), especially for some firms. Indeed, small and medium enterprises
(SMEs) (Johnson 2015) or new adopters (NAs), i.e. firms at the beginning of their
measurement journey (Negri et al. 2021b), may not have the resources or skills to use the
same tools larger and more aware firms adopt. For these reasons, the core framework
was developed. In order to make the framework usable by firms with less resources and
awareness, reducing the number of indicators is essential (Cagno et al. 2019).

Using the full framework as a starting point, the level of performance was further
analysed to find similarities and overlaps. As mentioned, there are several similarities and
links between sustainability and resilience, and this is reflected in the level of
performance. The sustainability and resilience performance were then grouped based on
similarity, as shown in Table 3.6.

Table 3.6 Performance groups

  Sustainability performance Resilience performance



  Sustainability performance Resilience performance

A Performance in having a set of efficient production activities Efficiency of completing supply chain
processes

B Performance in managing relations outside the firm with other firms
and single people

Performance of relationship management

C Efficient supply chain visibility Performance of overseeing the supply chain
situation

D Performance in improving the quality of business over time Development of supply chain knowledge
management

E Performance in winning the customers’ choice Performance of maintaining customer
satisfactionPerformance in providing the product/service and the correlated

services
F Performance in controlling supply chain-related costs Damage from disruption

Performance in converting cash outflows in inflows Financial performance
Performance in having a profitable business

G Performance in having a productive and flexible workforce Efficiency of responding the disruptions
H Performance in having a proof of environmentally sustainable

operations
Performance of production and inventory

Performance in efficiently managing natural/nonnatural resources
across the process
Performance in virtuously managing processes to efficiently control
waste creation

As an example, in group A, it is apparent that the two performances are connected.
They both focus on process efficiency and organizational agility. Consequently, the
indicators measuring these two performances are connected and can thus be easily
incorporated. Out of the 26 performances in the framework, 22 were placed in a group
and assessed as similar to other performances. This further reinforces the concept that
resilience and sustainability are strongly linked. Only four performances were not
included in a group (one sustainability performance and three resilience performance)
because of their direct and close reference to resilience or sustainability and therefore
hardly similar to any other performance. These are “Reconstruction of the supply chain”,
“Performance of discerning possible disruption”, “Performance in managing relations
within the firm with existing workers”, and “Efficiency to recovery to normality”.

Inside each identified performance group, the indicators were analysed and merged
following the criteria listed in Sect. 3.2. As an example of the rationale behind the
selection, in group A, out of six indicators (“Capacity utilization”, “Lead time ratio”, “Lead
time reduction”, “SC cycle time”, “SC responsiveness”, “Speed of critical activities”), four
are selected. First, “SC cycle time” and “SC lead time” have an overlapping definition.
Indeed, the first is defined as “Time required for the SC to fulfil an order” (Neri et al.
2021) and the latter as “the elapsed period from receipt of customer order to delivery”
(Christopher and Peck 2004). As a consequence, “SC cycle time” and “Lead time ratio”
are strongly connected, since their formulas are based on “SC lead time”. As mentioned in
the selection criteria (Sect. 3.2.1), having two indicators with equal definition, a ratio is
preferred. Therefore, “Lead time ratio” was selected (Mason-Jones and Towill 1999). The
other indicators considered similar are “Lead time reduction” and “SC responsiveness”.
Indeed, the “Lead time reduction” measures both cost and time performance, which
means that it can measure the agility of a supply chain, i.e. “SC responsiveness” (Carvalho
et al. 2012a). Between the two, “Lead time reduction” was selected as it is easier to
measure. “Speed of critical activities” and “Capacity utilization” are kept in the
framework since no overlapping definitions are found with the other indicators in group A.
Figure 3.4 reports the selections made for each performance group.



Fig. 3.4 Indicators’ selection for each performance group

After this selection process, the performances not included in any groups were
analysed. For the indicators included in “Performance of discerning possible disruption”,
there are “Disruption probability”, “Quality of forecast”, and “Supply chain alertness”.
The latter is defined as “Capability of a supply chain to detect changes either from the
external business environment or from the internal supply chain network, in a timely
manner” (Han et al. 2020; Li et al. 2021). “Quality of forecast” is defined as “the
percentage of difference between forecasts previously made for a year and the actual
consumption or other operational aspects for that year” (Rajesh 2018). Being a ratio and
more measurable, “quality of forecast” was selected.

In the performance “Reconstruction of the supply chain”, no overlapping definitions
are detected, and so both indicators are kept (“Contingency plan” and “Resource
reconfiguration scale”).

In the “Efficiency of recovery to normality” performance, an analogy between
“Performance loss” and “Recovery rate” is highlighted. Indeed, the formulas contain the
same elements, and in the first case, it measures the percentage of performance that the



organization is able to recover, while the other measures the opposite, i.e. the percentage
of performance which the organization is not able to recover (Munoz and Dunbar 2015;
Zeng and Yen 2017).

Lastly, the “Performance in managing relations within the firm, with existing workers”
contains three indicators (“Employee satisfaction”, “Labour turnover”, and “OHS
performance”). “Employee satisfaction” and “Labour turnover” were merged because of
their overlapping definition. The latter, indeed, measures the percentage of employees
leaving the organization (Demartini et al. 2018), and therefore it is an indirect measure of
employee satisfaction (Cotton and Tuttle 1986). Therefore, “Employee satisfaction” was
selected.

At the end of this selection process, the number of selected indicators is 47. The
indicators were further analysed to merge the ones that could be considered similar or
that could be derived from another one. For instance, “Consumption of key resources”
and “Labour efficiency” present some similarities. Indeed, the latter is an indirect
measure of the consumption of the labour resource, which is indeed a key resource
(Stocker et al. 2015). Therefore, “Consumption of key resources” was kept in the
framework. Similarly, “Alternative options to ensure production” is merged into “External
flexibility”, as both measure the agility of the supplier to change capacity and quantity
(Wicher et al. 2015). “Lead time ratio” and “Lead time reduction” both have formulas
based on lead time, and they have therefore been incorporated without losing essential
information (Tersine and Hummingbird 1995). “Quality of forecast” and “Disaster
preparation” are merged because these two concepts are strictly connected. Indeed, if the
forecast demonstrates a strong ability to anticipate reality, it is more likely that the
disturbances are predicted (Chowdhury and Quaddus 2016). “Recovery rate”, “Disruption
impact”, and “Resource reconfiguration scale” are incorporated into one indicator. The
latter is defined as the “ability to realign, reconfigure, restructure, and renew the
resource” (Han et al. 2020), and therefore it is indirectly connected to the performance
recovered by firms and to the impact of the disruption (Ambulkar et al. 2015). Among the
three, “Recovery rate” was selected since it is a ratio.

“Reliability” and “Post-disruption mitigation capabilities” are merged; the first
measures the “ability to satisfy immediate demand before any risk-mitigating actions,
preventative or post-disruption, are taken” (Chen et al. 2017). Hence, it also includes the
capability to recover after a disruption occurs (Ambulkar et al. 2015). “Contingency plan”
and “Preparation of contingency plan” are quite similar by definition, although they refer
to the readiness dimension and to the response one. However, both indicators measure
the ability of firms to prepare response actions (Lam and Bai 2016) and are therefore
merged. Finally, “Capacity utilization” and “Reserve capacity” both indicate the presence
of idle capacity to use in case of emergencies (Kamalahmadi and Parast 2016). “Reserve
capacity” was selected due to measurability.

This process allowed defining a final core framework of 36 indicators (Table 3.7),
which can be considered synthetic enough to be used by firms with limited resources and
awareness (Cagno et al. 2019; Negri et al. 2021b).

Table 3.7 Core framework

Capabilities Performance Indicator Dimension

Financial Financial performance Cash-to-cash cycle time Economic
Market position Performance in converting cash outflows in inflows Readiness

Recovery
Efficient consumption
of resources

Performance in having a proof of environmentally
sustainable operations

Certifications Environmental
Readiness

Efficient consumption
of resources

Performance in efficiently managing natural/non-
natural resources across the processes

Consumption of energy Environmental



Capabilities Performance Indicator Dimension

Efficient consumption
of resources

Performance in efficiently managing natural/non-
natural resources across the processes

Consumption of key

resources

Economic

Growth Performance in having a productive and flexible
workforce

Environmental
Readiness
Social

Collaboration Performance of relationship management Cooperation between

supply chain agents

Environmental
Response
Social

Customer-related Performance in providing the product/service and
the correlated services

Customer satisfaction Economic

Market position Performance in winning the customers’ choice Recovery
Performance of maintaining customer satisfaction Social

Situation awareness Performance of discerning possible disruptions Disruption probability Readiness

Positive employee-
firm relations

Performance in managing relations within the firm,
with existing workers

Employee satisfaction Social

Effective waste
management

Performance in virtuously managing processes to
efficiently control waste creation

Environmental impact Environmental

Flexibility Efficiency of responding the disruptions External flexibility Economic
Response

Flexibility Efficiency of responding the disruptions Internal flexibility Response

Growth Development of supply chain knowledge
management

Investments in

innovation

Economic

Knowledge
management and
culture

Performance in improving the quality of business
over time

Readiness

Agility Efficiency of completing supply chain processes Lead time ratio Economic
Process-related Performance in having a set of efficient production

activities
Response

Customer-related Performance in winning the customers’ choice Market share Economic

Visibility Performance of overseeing the supply chain
situation

Monitoring and

maintenance

Readiness
Environmental

Growth Performance in improving the quality of business
over time

New product

development time

Economic

Positive employee-
firm relations

Performance in managing relations within the firm,
with existing workers

OHS performance Social

Positive public
relations

Efficient supply chain visibility Order accuracy Readiness

Visibility Performance of overseeing the supply chain
situation

Social

Positive public
relations

Performance in managing relations outside the firm
with other firms and single people

Philanthropic

investments

Social

Customer-related Performance in providing the product/service and
the correlated services

Product quality Economic
Social

Contingency planning Efficiency of recovery to normality Profile length Recovery

Situation awareness Performance of discerning possible disruptions Quality of forecast Readiness

Contingency planning Efficiency of recovery to normality Recovery rate Economic
Market position Reconstruction of the supply chain Recovery
Effective waste
management

Performance in virtuously managing processes to
efficiently control waste creation

Recycling Environmental

Collaboration Performance in managing relations outside the firm
with other firms and single people

Number of relevant

relationships

Response



Capabilities Performance Indicator Dimension

Positive public
relations

Performance of relationship management Social

Market position Performance of maintaining customer satisfaction Reliability Readiness
Visibility Performance of overseeing the supply chain

situation
Recovery

Contingency planning Development of supply chain knowledge
management

Reserve capacity Economic

Knowledge
management and
culture

Performance in having a set of efficient production
activities

Environmental

Process-related Performance of production and inventory Readiness
Redundancy Reconstruction of the supply chain Response

Recovery
Financial Financial performance Return on investment Economic
Market position Performance in having a profitable business Recovery
Market position Damage from disruption Ripple effect Recovery

Collaboration Performance of relationship management Risk management

infrastructure

Response

Agility Efficiency of completing supply chain processes Speed of critical
activities

Response
Process-related Performance of production and inventory Economic
Redundancy Performance in having a set of efficient production

activities
Readiness

Redundancy Performance of production and inventory Stock-out rate Economic
Readiness

Collaboration Performance of relationship management Supply network

resilience

Response

Financial Financial performance Total SC cost Economic
Market position Performance in controlling SC-related costs Recovery
Positive public
relations

Efficient supply chain visibility Visibility Economic

Visibility Performance of overseeing the supply chain
situation

Readiness
Social

Effective waste
management

Performance in virtuously managing processes to
efficiently control waste creation

Waste generation Environmental
Social
Economic

3.2.3 Final Remarks

The concept of balance for PM framework has already been discussed and is deemed
central (Neri et al. 2021). In particular, the balance among the sustainability and
resilience dimensions is essential for the purpose of this study. The final balance among
the indicators is reported in Table 3.8. This was calculated taking into account that each
selected indicator would maintain the dimension, performance, and capability of the
discarded ones. As shown, both versions of the framework can be considered balanced.
However, the elaborations and selections carried out to build the core framework allowed
to have more control on its balance.

Table 3.8 Balance among the dimensions

  Full framework Core framework

Sustainability Resilience Sustainability Resilience

Eco Env Social Readiness Response Recovery Eco Env Social Readiness Response Recov



  Full framework Core framework

Sustainability Resilience Sustainability Resilience

Eco Env Social Readiness Response Recovery Eco Env Social Readiness Response Recov

Relative
weight

21.7% 13.0% 19.3% 9.7% 14.9% 21.5% 17.9% 15.8% 13.6% 15.7% 18.1% 18.9%

Relative
weight

54% 46% 47.3% 52.7%

The operativity of both the full and the core framework is ensured by connecting the
capabilities to the performance, which in turn allows connecting the performance to the
practices. This allows firms to know where to act to improve one or more performance,
making the framework more useful. Furthermore, it is operative as the indicators present
metrics for calculation, providing guidance to firms on how to measure them. Finally, the
use of this framework is twofold. On the one hand, firms can individuate the specific
indicators they should use to measure the desired performance. For example, if firms
need to improve their “performance of discerning possible disruptions”, they should start
monitoring the “Disruption probability” and “Quality of forecast” indicators.

On the other hand, they are also able to know what capabilities, performance, and
dimensions are related to a single indicator and thus what impacts should be expected by
improving or worsening an indicator. For instance, “Customer satisfaction” is linked to
the “Performance in providing the product/service and the correlated services”, the
“Performance in winning the customers’ choice”, and the “Performance of maintaining
customer satisfaction” performance. Thus, it contains information related to economic and
recovery dimensions. This will help firms make informed decisions on sustainability and
resilience.

3.3 Framework Testing: Case Studies

3.3.1 Methodology

The framework has been tested empirically with manufacturing SCs. The methodology
used is the case study research, as the most appropriate tool to carry out this research
(Yin 2003). Indeed, qualitative methodologies can serve as forms of theory testing, when
the comparison does not rely on single measures between groups of observations, but
rather the aim is to compare a pattern of observations with expected outcomes from
theory (Bitektine 2008). The case study methodology allowed retrieving substantial
information on the contextual factors, which helped explain the outcomes obtained and
provide insights on the sustainability and resilience PM, looking for analytical
generalization of results rather than statistical (Barratt et al. 2011; Baškarada 2014).

From a practical standpoint, the focal firms of the different supply chains selected
were interviewed, namely, the one that “rules or governs the SC, provides the direct
contact to the customer, and designs the product” (Masi et al. 2018). This was done with
the assumption that the behaviour of the focal firm could influence that of the entire SC
(Marshall et al. 2015), as assumed in past studies (Govindan et al. 2020; Negri et al.
2022). Besides, a focal firm usually monitors the performance of its suppliers and, more in
general, the entire chain (Beske 2012). In all three cases, the key informant(s) (DiCicco-
Bloom and Crabtree 2006) was the people managing the SC in their firms, and when
possible the SC manager was interviewed. In this way, we were able to collect information
on the SC and validate the framework.

3.3.1.1 Sample Selection

Multiple case studies have been conducted as a way to increase robustness (Miles et al.
2014). Diversity among SCs was ensured by selecting SCs that differ in terms of size,
market coverage, products, and awareness level as a way to expand the range of



characteristics in the sample (Løkke and Sørensen 2014) to improve the external validity
of results beyond the sample itself (Voss et al. 2002). The manufacturing sector has been
selected as the most appropriate for this research. Indeed, it is responsible for substantial
environmental impact (Acerbi and Taisch 2020; International Energy Agency 2021),
therefore having a strong influence on sustainability. It has also been receiving strong
pressure from various stakeholders to improve this impact, and therefore it has developed
higher awareness and attention towards sustainability implementation and measurement
(Neri et al. 2018). Besides, the economic relevance of the manufacturing sector in Europe
is widely recognized (Eurostat 2020), and the several challenges experienced in these last
few years—the COVID-19 pandemic, supply shortages, and the energy crisis—have
demonstrated that firms need to improve their resilience to cope with unexpected
disruptions (European Commission 2022).

Purposive sampling has been used (Acharya et al. 2013), intentionally designing a
diverse sample to increase robustness. The international database Orbis has been used,
and three SCs have been selected.

The case studies from supply chain A and supply chain C have been complemented by
close observation and collaboration over a period of 6 months. This has allowed to become
acquainted with the practices, assumptions, and general behaviour of the firms and to
collect a substantial amount of information.

The respondents who have been involved in the structured interviews are all SC and
operations experts, who have been selected for their privileged visibility across the SC of
each of the firms. Furthermore, when contacting the respondents, priority has been given
to personnel with a specific focus on either supply chain sustainability or supply chain
resilience (Table 3.9).

Table 3.9 Characteristics of the selected sample

  Supply chain A Supply chain B Supply chain C

Activity Manufacture of beauty care
products, make-up, and
perfumes

Manufacture of heating
systems and thermal pumps

Manufacturing of rubber-based tires for all
types of vehicles

Contacts Supply chain director
Director of operations

Demand planning manager
Production planning manager

Sustainable and digital procurement
manager
Sustainability manager

Upstream Quasi-monopolies with high
contractual power

High degree of vertical
integration, plus third parties.
High power of suppliers, also
due to the scarcity of raw
materials

Very limited number of suppliers, mainly
natural rubber, that have high power due to
concentration and scarcity of resources.
Other suppliers have low power. No
partnerships

Downstream Mostly B2B to large
retailers, but the e-
commerce is growing (and
variable in the different
markets worldwide)

70% B2B, 30% B2C; 150
distribution countries,
worldwide coverage

Higher degree of collaboration; often
products are developed together

Production Main production activities
are carried out close to the
country of distribution

Either produced internally by
the focal firm or acquired by
third parties

Production located in 12 different countries.
Production is very flexible and can be moved
easily

3.3.1.2 Data Collection and Analysis

The primary source of data was semi-structured interviews. An interview protocol was
used to reduce the variability of the questions, allowing at the same time interviewees to
freely add comments and insights (Cooper et al. 2006; McIntosh and Morse 2015).
Several interviews have been conducted for each case study, with more than one
informant to reduce bias and increase robustness (Voss et al. 2002). Secondary sources
served for triangulation to corroborate the insights that emerged during the interviews
(Woodside and Wilson 2003; Zainal 2007).



The interviewees started with information about the firm’s operations and
characteristics of SC, which have been used to interpret the outcomes of the interviews,
followed by a general part about sustainability and resilience and the attitude of the SC
towards the two.

Subsequently, the interviewees were asked to assess the novel PM framework. In
particular, the aim was to understand how much the framework was able to answer the
needs of firms. Three variables were tested (Trianni et al. 2017):

Capacity of representation: whether the framework is able to include all relevant
aspects related to sustainability and resilience PM.
Ease of use: the framework’s user-friendliness.
Usefulness: whether the framework facilitates decision-making.
The interviewees were presented at first with the core framework, as it emerged from

a more substantial refinement process and contained more assumptions than the full one.
Once the firms had validated the core, the full framework was presented, and the
interviewees were asked to comment on the additional indicators, with the aim of
investigating the value of having a more complete tool. Finally, the interviewees were
asked to evaluate the single indicators and provide feedback.

The information collected through the interviews and secondary material have then
been analysed. The analysis in case study research consists of searching and interpreting
patterns in data (Kohlbacher 2006). Interviews were transcribed (Rowley 2012) and
analysed by three different researchers to reduce bias (Miles et al. 2014). Section 3.4
presents the within-case analysis and cross-case analysis. The results are then discussed
and compared to the extant literature.

3.4 Results

3.4.1 Supply Chain A

3.4.1.1 General Information

Supply chain A’s focal firm is a multinational group competing in the beauty care industry,
manufacturing and selling beauty products in 150 countries around the world. The
company is among the most relevant worldwide in its reference sector, both for its size
and its turnover.

Upstream in the chain, suppliers are located worldwide and operate in quasi-
monopolies, which ensure that any negotiation leaves the power in their hands. Thus, the
sustainability and resilience initiatives are often confined in the boundaries of single
firms, with little coordination or collaboration. For instance, the focal firm evaluates its
suppliers and only selects those that meet its standards.

The products are processed in plants that are owned by the firms and distributed in the
markets served, i.e. all products that are sold in Europe are produced in the continent and
the same happens for other zones. The SC operates mostly as a B2B business, selling
products to distributors downstream, that then reach the final customer; still, a
percentage of sales happen through a B2C channel via e-commerce, which is raising in
importance, although with high variability in the different markets worldwide, due to the
characteristics of local consumers and the different products sold. For example, Chinese
consumers are much more used to purchasing through e-commerce, while it is less
common for Europeans, even if the percentage is increasing sharply. The product
portfolio of SC A is divided into five product categories which are skincare, make-up,
haircare, fragrances, and hair colouring, with most of sales coming from the categories of
skincare and make-up.

3.4.1.2 Approach to Sustainability and Resilience



As mentioned, the sustainability and resilience initiatives tend to happen within the
perimeter of single firms of the SC. The focal firm’s approach to sustainability is
particularly mature, with actions in place since 2013 to improve performance in this field
and in line with the three pillars of the TBL. Indeed, the interviewees stated: “it has been
many years actually that the firm operates on sustainability with really demanding
commitments, challenging and clearly defined at the corporate level. […] I am referring to
creating a business that can adapt to a fast-changing context, with structured skills,
backup capacity, organizational capabilities that allow to face and survive in such a
system. Obviously, being financially sustainable allows firms to be also environmentally
and socially sustainable, but the environmental and social parts are core here”.

Despite little collaboration, several initiatives involve the group and all local
subsidiaries. The initiatives cover all pillars of the TBL, for example, with topics such as
the efficient consumption of water, the efficient consumption of plastics and reduction of
waste sent to landfills for the environmental pillar, programs for employment in
underprivileged communities, gender equality in the roles inside the firm, and the
measurement of gender stereotypes present in communications for the social pillar. For
the financial pillar, the measurement of performance is more standard, with all traditional
measures in place.

In this sense, both interviewees seem to intend sustainability and resilience as a means
to achieve long-term growth.

For what concerns SCRes, the respondents stated that it “is the ability of a firm to
thrive in a context of extended volatility and uncertainty. […] between zero and one
hundred, the focus of the firm is one hundred. Indeed, you can see this by looking at the
performance of the firm in the context of the Covid-19 pandemic […] a large context of
economic, political, social crisis”.

3.4.1.3 Framework Validation

Regarding the clarity of the model, the first respondent stated that it is very clear, also
considering that most of the indicators are already in use in the firm. The second
respondent agreed and affirmed that “It is fluid and I found only a few indicators that
were not clear to me at first glance. It would be interesting to see if there are priorities
among the indicators, if there are targets”. Therefore, for both respondents, the model
was clear. Concerning the capacity of representation, the two interviewees were asked
whether the framework was able to well represent both sustainability and resilience while
highlighting their synergies. The first respondent stated: “Absolutely yes, because we
discussed interactions, waste, performance, risk, ROI, […] in the indicators that you
included I find all that I deem necessary”. The second respondent commented that “Yes of
course, it can represent very well, 100% these two concepts”.

Ease of use was also recognized, although the second respondent stated that the
number of indicators might be too high, even in the core framework. However,
commenting on its usefulness, both interviewees acknowledged that the framework allows
to effectively and efficiently measure sustainability and resilience performance.

Finally, after presenting the full framework, both respondents did not find any
essential indicators that were not contained in the core framework. In fact, the second
respondent also added that the number of indicators in the core framework is already
more than he would have expected and would not add any further indicators to represent
supply chain resilience and sustainability, which are perceived as already present in their
completeness.

Concerning more specifically the single indicators, Table 3.10 reports the main
comments from the two interviewees. The firm already uses most of the indicators
proposed, which is a proxy of its advancement in sustainability and resilience
measurement. All proposed indicators appeared to be useful to measure both the firm’s
and the SC’s performance. The only indicator that appeared as too complex and not used



was “Ripple effect”. Both interviewees stated that it would be very complex to measure,
although they recognized its value.

Table 3.10 Comments on the single indicators of the core framework for firm A

Indicators Valuable to

measure SC’s

performance

Valuable to

measure firm’s

performance

Currently in use + comments

Cash-to-cash cycle
time

Yes/yes Yes/yes Not specifically, but similar time measures

Certifications Yes/yes Yes/yes Yes, it is a proof of excellence for the supply chain
Consumption of
energy

Yes/yes Yes (plants)/yes Yes, important for energy-intensive steps;
fundamental

Consumption of key
resources

Yes/yes Yes/yes Yes, valuable for actors upstream and drive stock
quality; fundamental

Cooperation
between supply
chain agents

Yes/yes (very much) Yes/yes Yes, not in a single indicator but as a scattered
information; not easy to measure

Customer
satisfaction

Yes/yes Yes/yes Yes

Disruption
probability

Yes/yes Yes/yes Yes, locally and at group level

Employee
satisfaction

Yes/yes Yes/yes Yes, similar to cooperation

Environmental
impact

Yes/yes Yes/yes Yes, CO2 emissions and energy

External flexibility Yes/yes Yes/yes Yes, absolutely, important in a complex context.
Third parties are involved in production

Internal flexibility Yes/yes Yes/yes Yes
Investments in
innovation

Yes/yes Yes/yes Yes, innovation is a business driver

Lead time ratio Yes/yes Yes/yes Yes, compared to an objective lead time
Market share Yes/yes Yes/yes Yes, crucial
Monitoring and
maintenance

Yes/yes Yes/yes Yes, monitoring is locally fundamental. There are
people working in a continuous improving business

New product
development time

Yes/yes Yes/yes Yes, time measures are crucial

OHS performance Yes/yes Yes/yes Yes
Order accuracy Yes/yes Yes/yes Yes
Philanthropic
investments

Yes/yes Yes/yes Not known

Product quality Yes/yes Yes/yes Yes, for different levels (product, categories,
components, etc.)

Profile length Yes/yes Yes/yes Yes
Quality of forecast Yes/yes Yes/yes Yes, crucial for anticipation
Recovery rate Yes/yes Yes/yes Yes, similar to profile length
Recycling Yes/yes Yes/yes No, more focus on preventing waste
Number of relevant
relationships

Yes (both for
suppliers and
clients)/yes

Yes (crucial for
information)/yes

Yes

Reliability Yes/yes Yes (also for
data)/yes

Yes

Reserve capacity Yes/yes Yes/yes Yes
Return on
investment

Yes/yes Yes/yes Yes

Ripple effect No/no No/no No, too complex



Indicators Valuable to

measure SC’s

performance

Valuable to

measure firm’s

performance

Currently in use + comments

Risk management
infrastructure

Yes/yes Yes/yes Yes, locally and at group level

Speed of critical
activities

Yes/yes Yes/yes Yes, critical in terms of value that they provide to
the customer

Stock-out rate Yes/yes Yes/yes Yes
Supply network
resilience

Yes/yes Yes/yes Yes

Total SC cost Yes/yes Yes/yes Yes, but also compared to the quality it can drive
Visibility Yes/yes Yes/yes Yes
Waste generation Yes/yes Yes/yes Yes

Finally, after presenting the full framework, both respondents did not find any
essential indicators that were not contained in the core framework. In fact, the second
respondent also added that the number of indicators in the core framework is already
more than he would have expected and would not add any additional ones.

3.4.2 Supply Chain B

3.4.2.1 General Information

Supply chain B operates in the thermal comfort industry and reaches a worldwide market
of consumers. Its focal firm offers a large range of products for water and space heating,
components, and burners. Thanks to its 90 years of experience, it is one of the market
leaders with 1.66 billion € turnover in 2020.

The SC stretches from the raw material suppliers to the distributors. Starting from the
upstream supply chain, two different flows can be distinguished: the internal production,
where the vendors are raw material suppliers, and outsourcing, although this latter is
marginal. In addition, the focal firm is vertically integrated, as many components required
for production are made by other companies of the group. Therefore, the suppliers can be
divided into direct and indirect material, consumable vendors, and suppliers of finished
products. As raw materials are becoming increasingly scarce in the last few years, the
supply is particularly critical and strategic. Producers of finished products are also
extremely important and particularly considered in risk mitigation plans. In terms of
production, the focal firm has 26 production sites in 15 different countries. Despite the
strong international footprint, about 90% of the products sold in Italy are manufactured
locally. The same applies to other countries, which are served mostly by Italian production
and, where present, by local production. Downstream, there are distributors, with some
exceptions of sales to the final consumer. Indeed, 70% of the products are sold in B2B
sales. The distributors cover over 150 countries.

The focal firm operates in several layers of the supply chain, spanning from
manufacturing of finished goods to distribution. Indeed, it owns both production plants
and distribution centres across multiple regions of the world, with the goal to serve
multiple markets. However, the control of operations remains in the Italian headquarters.

As mentioned, this supply chain can be split into two different flows, which are
different mainly in the upstream section. In regard to this, the respondents stated: “There
is a double structure […] on one side what we make is what we sell, while on the other we
have the products that we purchased as finished goods and put our brands on them, this
is what we sell”. So the focal firm is in a constant “make-or-buy” decision when evaluating
its alternatives for procurement.

3.4.2.2 Approach to Sustainability and Resilience

The interviewees defined sustainability as core and integrated it in the SC’s strategy.
Even if their sustainability journey started relatively recently, in 2017, they have already



achieved many interesting goals. In 2020, 29% of the R & D investments were dedicated
to renewable products, also achieving high energy efficiency from plants to products.
Thanks to the technological efficiency of the firm, 1.3 million tons of CO2 were saved from
2018 to 2020. On the other side, the firm is not one of the most mature companies in the
field of sustainability, as it disregards the three pillars of the TBL and mostly considers
economic and, to a lesser degree, environmental aspects. One of the respondents has
defined the attitude of the SC to sustainability a: “Sustainability is a core item for the SC;
indeed it is also present in our mission statement. The concept is very relevant for the
field of thermal comfort […] the environmental sustainability is the most important as
consuming the material is crucial. […] Social sustainability is not particularly considered
in relation to the supply chain”. The two SCs that are differentiated by the make-or-buy
decision are similar in the approach to sustainability, but the presence of massive
companies providing finished goods in the buy side makes it more complex for the focal
firm to have the adequate contractual power to push sustainability goals to its suppliers.
The firm has anyway the possibility to carefully assess suppliers before activating a
procurement channel, which is also done through certifications.

As regards resilience, SC B has a more readiness-oriented attitude. Indeed, it aims at
being proactive and to be ready for disruptions with contingency plans. In order to
achieve this, the focal firm conducted several studies and analyses on possible future risks
and their probability of occurrence. Moreover, the overall SC’s approach to disruption is
not to return to its previous performance levels but to try to perform better than pre-
disruption. The aim is to learn from shocks and adapt to changes by anticipating future
disruptions. The approach is defined by respondents as more proactive than reactive.
Indeed, one of the respondents told us: “The idea here is to adapt to a new normal post-
shock […] particularly in the last relevant disruption that we saw, I think that will never
return to the previous environment”. And also “The idea in the whole business is to
centralize, […] some firms have tried to delocalize before due to costs but now it is riskier
to do anything, such as transportation […]”.

In spite of this, the interviewees presented a quite interesting approach and awareness
about resilience. The presence of make-or-buy decisions partially influences the attitude
towards SC resilience. Indeed, when assessing its suppliers’ characteristics and
performance before the activation of the contract and during the actual supply phase, the
focal firm monitors sources of disruptions and potential risks that derive from each
specific supplier and, if necessary, modifies its suppliers’ base accordingly. However,
given the nature of contractual agreements, full-fledged flexibility is not always possible.

3.4.2.3 Framework Validation

Concerning the capacity of representation, the answer of the first respondent was “Yes, I
feel both are represented but I felt that resilience is a little more represented […] I would
say this is correct for a supply chain [function], where is crucial and sustainability,
especially social, is often not the focus. But this is not wrong in any way. […] I would say
that the balance is 60% [for supply chain resilience] and 40% [for supply chain
sustainability]”. The first interviewee also recognized the value of the framework: “I see
the value of this framework, especially in the case that this becomes a standard, in the
sense that this can become a way to perform a benchmark […] it can create a guideline
for other firms too”. The second respondent of firm B commented that “In my opinion it
represents both concepts very well, it deepens both resilience and sustainability”.

Concerning the ease of use, the first interviewee noted a certain complexity of the
framework: “[It is clear] but with a correct explanation, I feel that the structure itself is
valuable, but it requires to be correlated with the explanation of the structure and the
description of indicators”. The second interviewee highlighted that SC workers might
have more facility in using the framework, as they are already acquainted with many of
the concepts mentioned, i.e. “For people working in the supply chain, the indicators are



very explanatory. So, it is easy to understand how the model should be used”. Both
interviewees acknowledged the value of the framework. Table 3.11 reports the main
comments from the two interviewees.

Table 3.11 Comments on the single indicators of the core framework for firm B

Indicators Valuable to measure

SC’s performance

Valuable to measure

firm’s performance

Currently in use + comments

Cash-to-cash cycle
time

Yes (more for the
supply chain)/yes

Yes/yes Yes, linked to statutory reporting

Certifications Not clear/no Yes/yes Yes, mostly international standards; law
requirements

Consumption of
energy

Yes/yes (more for the
plants)

Yes (building on law
regulations)

Yes

Consumption of key
resources

Yes (not for assets
leased)/yes

Yes/yes Yes, for sustainability but also for financial
(costs)

Cooperation between
supply chain agents

Yes (but undervalued
now)/yes

Yes (very)/yes No, but would be very useful

Customer satisfaction Yes/yes Yes/yes Yes
Disruption probability Yes (more for the

supply chain)/yes
Yes/yes Yes, qualitative

Employee satisfaction Yes (as a
consequence)/yes

Yes/yes Yes, qualitative

Environmental impact Yes (more for the
supply chain)/yes

Yes/yes Yes, only through certifications and CO2.
Could be very valuable to further explore

External flexibility Yes/yes Yes (broad in
scope)/yes

Yes, qualitative but would be valuable as
quantitative

Internal flexibility Yes/yes Yes (very)/yes Yes, qualitative
Investments in
innovation

Yes/yes Yes/yes Yes

Lead time ratio Yes (good for logistics
and production)/yes

Yes/yes Yes, once per year

Market share Not really/yes Yes (more for the
firm)/yes

Yes

Monitoring and
maintenance

Yes (more for the
supply chain)/yes

Yes/yes Yes, qualitative

New product
development time

Not really/not sure Yes/yes Yes

OHS performance Yes/yes Yes (good for
reputation)/yes

Yes, mandatory by law

Order accuracy Yes (very)/yes Yes/yes Yes
Philanthropic
investments

Yes/yes Yes/yes (less relevant) Yes

Product quality Yes/yes Yes/yes Yes, for the firms and suppliers
Profile length Yes/yes Yes/yes Yes, qualitative but very interesting
Quality of forecast Yes/yes Yes/yes Yes, as SOE (sales order error)
Recovery rate Yes/yes Yes (very)/yes Yes, through target values to achieve under

particular contexts
Recycling Yes/yes Yes/yes No, could be useful to evaluate third-party

providers of this service
Number of relevant
relationships

Yes/yes Yes/yes Yes, for suppliers

Reliability Yes/yes Yes/yes Yes, through safety stocks
Reserve capacity Yes (more for the

supply chain)/yes
Yes/yes Yes, through machinery saturation

Return on investment No/yes Yes/yes Yes



Indicators Valuable to measure

SC’s performance

Valuable to measure

firm’s performance

Currently in use + comments

Ripple effect Yes/yes Yes/yes Yes, through the size of buffers in the areas
of the chains

Risk management
infrastructure

Yes/yes Yes/yes No, but would be useful

Speed of critical
activities

Yes (more for the
supply chain)/yes

Yes/yes Yes

Stock-out rate Yes/yes Yes/yes Yes, but in total number not as a rate
Supply network
resilience

Yes/yes Yes/yes No, just an evaluation of suppliers initially

Total SC cost Yes/yes Yes/yes Yes
Visibility Yes/yes (very) Yes/yes No, but not particularly valuable
Waste generation Yes/yes Yes/yes Yes, as scrap and reworks amount

Finally, both respondents commented on the full framework. The first respondent
stated that “Definitely [the full framework] is much more complete, but I think the core is
still comprehensive. I didn’t find an indicator that was particularly needed but not present
in the core”. The second respondent was also quite in line with this comment, also stating
that since the core is already complete, she/he would not add further indicators in order
to not complicate the model.

3.4.3 Supply Chain C

3.4.3.1 General Information

Supply chain C operates in the automotive industry; in particular, it is involved in the
production of tyres for cars, motorcycles, and machinery. This focal firm is one of the
leaders in the sector, with a 4.3 billion € turnover, over 30,000 employees, and a
worldwide presence, with 19 production sites in 12 different countries.

The supply chain is composed of several tiers, starting from the extraction of natural
rubber and ending with the customers, i.e. car, motor, and bike manufacturer. Upstream,
there are more than 14,000 suppliers, divided mainly into suppliers of raw materials,
indirect materials, and capital goods and services. Most of the spending is dedicated to
raw materials, of which natural rubber is one of the most important. The number of
suppliers in this case is very limited, being the most strategic component of the company’s
purchasing. The shortage of natural resources, such as natural rubber, gives higher
bargaining power to the suppliers. Machinery suppliers, on the other hand, are not easily
replaceable because their products are company-specific and customized. However, the
spending dedicated to such suppliers is relatively low. The focal firm’s expenditures for
services are high but divided among a relatively high number of suppliers with mostly
spot contracts, thus with little collaboration. Finally, for indirect materials, there are a low
average expenditure and a high average number of suppliers. Also in this case, the
relationship with suppliers is not particularly strong. To summarize, for most of its
suppliers, the focal firm has higher bargaining power, while it has more difficulties for
suppliers of raw materials. Downstream, there are 19 production sites—located around
the world—where most products are manufactured, with only a small percentage
produced by third parties. Among these production sites, the approach is very flexible and
interconnected, with the possibility of moving production from one plant to another as
needed. On the downstream side, there are more than 17,000 points of sales worldwide,
showing good market coverage. The portfolio of products offered by the SC, as mentioned
above, consists of three main categories: car, motorcycle, and bicycle tires. Partnerships
allow the focal firm to develop tyres that are tailored to meet the specific needs of their
customers through collaborative projects. Such collaborations are obviously made for
high-value products that generate 70% of the revenue. These products consist of
innovative tyres (car, motorcycle, and bicycle tyres) designed to achieve higher levels of



performance and safety. Considering the three end product categories, there are no
fundamental differences in their management. The only difference is in the high-value
products which are managed with a stronger focus on performance and produced in
collaboration with customers.

3.4.3.2 Approach to Sustainability and Resilience

The focal firm has been working to improve its sustainability for 15 years, both at
strategic and operational levels. As an example of the firm’s commitment, it is certified
ISO 20400, which attests that the company procurement prioritizes sustainability in its
activities. However, both interviewees confirmed that it is not just a matter of compliance
with regulations but also an effort to minimize the firm’s environmental and human
negative impact, in all steps of the supply chain.

Several practices have been implemented in order to have end-to-end visibility, also
involving suppliers, for instance, the land cultivators. In this context, control over
resource consumption is particularly critical. Consequently, the focal firm has enforced
high standards that suppliers have to comply with, starting from the adoption of various
certifications. In addition, since the firm’s main raw material is natural rubber, it is a
priority for them to have visibility on its extraction practices and on suppliers’
deforestation impact. Suppliers are generally not selected if they do not meet the
minimum sustainability criteria. In addition, the focal firm requires compliance with their
Code of Conduct and Sustainability Clause.

Therefore, the focal firm finds integration, communication of core values, and training
of suppliers fundamental.

The SC’s approach to resilience is cross-functional and well-integrated in the strategy
and operations, once again guided by the focal firm. Indeed, in every function of the firm,
a risk management team is present with the aim of promptly tackling disruptions. The
firm’s strategy is more focused on the readiness phase of resilience, aiming to be
proactive. For this reason, there are contingency plans in place in order to be prepared in
case of several possible disruptions, with a natural higher attention to raw materials and
natural rubber and logistics.

3.4.3.3 Framework Validation

Concerning the capacity of representation, both interviewees agreed that the model
represents both sustainability and resilience very well, treating the two concepts in a
comprehensive manner. The first respondent indeed said that “At this company I don’t see
sustainability and resilience as a single concept because sustainability is flat, it’s at the
base. But yes, seeing this model I can see them integrated”. The comment of the second
respondent also confirms that the framework provides a good representation of
sustainability and resilience: “I see sustainability and resilience as quite complementary. I
see resilience as an important pillar of sustainability […]. On the indicators chosen, I
would say yes […] I think they are all elements that we maybe sometimes take for granted,
but it actually makes sense to see them in one model. Going through them one by one has
certainly helped to give a more global view of the concepts”.

Concerning the ease of use, both respondents agreed that the framework was intuitive
and easy to use. The first interviewee stated that “the model seems very simple to me.
Even if I were alone, I would have had no difficulty in understanding the indicators in the
list with the definitions attached. Perhaps I would have clustered the indicators to make it
more user-friendly”. The answers of the second interviewee are very much in line with the
former, i.e. the model is “very easy to understand. Without a definition, I would have
struggled, also because some are very transversal”.

Finally, both interviewees agreed that the model is useful to measure sustainability and
resilience performance (Table 3.12).

Table 3.12 Comments on the single indicators of the core framework for firm C



Indicators Valuable to measure

SC’s performance

Valuable to measure

firm’s performance

Currently in use + commentsIndicators Valuable to measure

SC’s performance

Valuable to measure

firm’s performance

Currently in use + comments

Cash-to-cash cycle
time

Yes/yes Yes/yes Yes, fundamental for the purchasing
function

Certifications Yes/yes Yes/yes Yes, in addition to the legal requirements
Consumption of energy Yes/yes Yes/yes Yes, calculated for each Tyre typology;

dedicated function to monitor energy
Consumption of key
resources

Yes/yes Yes/yes Yes, especially for raw materials

Cooperation between
supply chain agents

Yes/yes Yes/yes Yes, mostly with strategic suppliers

Customer satisfaction Yes/yes (but it is
difficult)

Yes/yes Yes

Disruption probability Yes/yes Yes/yes Yes, risk mapping is done especially for
raw materials

Employee satisfaction Yes/yes Yes/yes Yes, through questionnaires and additional
follow-up

Environmental impact Yes/yes Yes/yes Yes, water consumption, CO2 emission,
and more are monitored

External flexibility Yes/yes Yes/yes Yes, through collaboration with suppliers
Internal flexibility Yes/yes Yes/yes Yes, interconnection between plants
Investments in
innovation

Yes/yes Yes/yes Yes

Lead time ratio Yes/yes Yes/yes Yes
Market share Yes/yes Yes/yes Yes
Monitoring and
maintenance

Yes/yes Yes/yes Yes, the company has a dedicated function

New product
development time

Yes/yes Yes/yes Yes

OHS performance Yes/yes Yes/yes Yes
Order accuracy Yes/yes Yes/yes Yes
Philanthropic
investments

Yes/yes Yes/yes Yes

Product quality Yes/yes Yes/yes Yes
Profile length Yes/yes Yes/yes Yes, after each disruption, a comparison is

made
Quality of forecast Yes/yes Yes/yes Yes
Recovery rate Yes/yes Yes/yes Yes
Recycling Yes/yes Yes/yes Yes
Number of relevant
relationships

Yes/yes Yes/yes Yes

Reliability Yes/yes Yes/yes Yes
Reserve capacity Yes/yes Yes/yes Yes, for each plant
Return on investment Yes/yes Yes/yes Yes
Ripple effect Yes/yes Yes/yes Yes
Risk management
infrastructure

Yes/yes Yes/yes Yes, in each function, there is a dedicated
team

Speed of critical
activities

Yes/yes Yes/yes Yes

Stock-out rate Yes/yes Yes/yes Yes
Supply network
resilience

Yes/yes Yes/yes Yes, especially for raw material suppliers

Total SC cost Yes/yes Yes/yes Yes



Indicators Valuable to measure

SC’s performance

Valuable to measure

firm’s performance

Currently in use + comments

Visibility Yes/yes Yes/yes Yes, it is monitored for tier one, but the
company wants to achieve tier 2

Waste generation Yes/yes Yes/yes Yes

Regarding the full framework, the first respondent indicated that he would add the
indicator “Community” to the core framework. Indeed, she/he commented that “I think
the one thing that is missing [from the core framework] is stakeholder engagement in
sustainability. I think this indicator could be useful to understand engagement”. On the
other hand, the second respondent stated that the core framework seems very complete
and that she would not add any indicators included in the full framework.

3.5 Discussion

The three firms found the framework comprehensive, easy to use, and useful to measure
both the SC’s and the firm’s performance. The framework resulted in being easier to
handle for firms with a more structured approach to sustainability and resilience already
in place and also with advanced methods to performance measurement. Indeed, SC A
confirmed that it is already monitoring most of the indicators present in the framework,
while the focal firm of SC B stated that the framework might require an explanation
before use.

All the interviewees confirmed that the framework allows to have a complete overview
of sustainability and resilience, which contributes to filling a research gap (Negri et al.
2021a). Concerning the framework usefulness, interviewees from SC B stated that it
would be valuable to have it as a standard tool among companies, in order to have a
benchmark on fundamental topics such as sustainability and resilience, and have best
practices that can improve the SC performance. This is an interesting point that emerged
during the case studies, that is, firms with lower power in the SC, such as the focal firm in
SC B, may encounter difficulties in measuring the SC performance. On the other hand,
firms with high brand awareness and power in the SC, as the focal firm in SC A, have
higher interest in monitoring the performance of all actors in the SC.

These points are expansions on the findings from available literature (Beamon 1999;
Gunasekaran et al. 2004; Chia et al. 2009), in which researchers started postulating about
the fundamental relevance of providing a complete set of measurement tools to represent
the complexities of the chain without exceeding the complexity of the tool itself. Indeed, it
could be argued that the present work is advancing the research towards the construction
of a shared set of indicators that can foster benchmarking and provide a shared
understanding of SC sustainability and SCRes with a balanced set of indicators (Ivanov
2018; Fahimnia et al. 2019).

The framework was intentionally built to have a balance between sustainability and
resilience perspectives. The cases confirmed that both are equally represented in the
framework, which allows an adequate measurement of performance. The interviewees,
especially from SC C, also confirmed that sustainability and resilience are tightly linked
and the success of SCs is only possible if both are considered equally important. This is in
line with what was found in previous literature (Fahimnia and Jabbarzadeh 2016). As an
example, Ivanov (2020) defined the “viable supply chain” as the one that is able to both
sustain disruptions and increase its sustainability, which has become even more evident
after recent disruptions. As a further proof of how much sustainability and resilience are
connected, SC A’s first respondent provided a definition of sustainability that largely
overlaps with resilience. Indeed, she/he defined sustainability as a way to build “a
business that can adapt to a fast-changing context, with structured skills, backup
capacity, organizational capabilities that allow to face and survive in such a system”. In



this way, sustainability is seen as an enabler of long-term resilience, in line with the
findings of Gouda and Saranga (2018) and Bag et al. (2019).

The structure of the framework allowed to easily grasp the synergies between
sustainability and resilience by referring to the dimensions as indicators that belong to
more than one dimension. For instance, in the core framework, “consumption of key
resources” is an economic, environmental, and readiness indicator, while “customer
satisfaction” is an economic, social, and recovery indicator. In a similar way, the
indicators belong to more than one performance and more than one capability. This
allows, on the one hand, to understand what the indicator is measuring; on the other, it
allows to select the indicators to monitor, should firms decide to improve one specific
performance or capability. The appendix presents a practical visualization of the core
framework.

As regards the individual indicators, almost all indicators were assessed as relevant
and valuable for measuring both the SC and the firm’s performance, by all the three SCs.
The “Ripple effect” indicator was rated from SC A and SC C as the most difficult to use
and to measure, although its importance within the supply chain is recognized. Indeed,
the “ripple effect”, which is measuring the likelihood of having the effects from a
disruption spreading among actors in the network, is a qualitative indicator that may
require a periodic evaluation by SCRes experts, such as consultants. Generally, however,
all indicators are considered valid for measuring a firm’s and SC’s performance in terms
of sustainability and resilience.

The interviewees, mainly from SC A and SC B, reported some overlaps between the
indicators presented in the core framework. Starting from these reported overlaps, the
indicators were once again analysed in order to see whether there might actually be
overlaps that enable to choose one indicator over the other. After a careful evaluation,
also based on the literature, no indicators were removed from the core framework.
Indeed, all the indicators reported are different in definition and pertain to different
performances. In particular, the overlaps reported are listed as follows:

“Waste generation” and “Environmental impact”, although obviously linked, do not
overlap. The first measures the amount of waste produced, in terms of materials and
resources, while the second represents the impact in terms of CO2 emissions, energy
consumption, and sustainable procurement (Neri et al. 2021).
“Lead time ratio” measures the time ratio between the actual lead time and the
promised one (Carvalho et al. 2011), while “Speed of critical activities” measures the
time it takes to the company to complete the most critical steps (Han et al. 2020).
Indeed, it is argued that the two indicators are measuring different timespans in the
supply chains, as the first is measuring the whole lead time, while the second is focusing
on “critical” activities, which may be constituted, for example, by operational
bottlenecks.
“Profile length” measures the time between a disruption and the recovery of
performance (Han et al. 2020), while “Recovery rate” measures the percentage of
performance recovered after a specific period of time that is defined in advance. Both
relate to the profile that describes the ability of a firm to recover its performance after a
disruption, but as the first measures the speed of recovery, the latter measures the
amount of recovery achieved after a defined period of time. It is important to have both
measures in order to have a complete view of post-disruption performance (Han et al.
2020).
“Reliability” measures the ability to satisfy the demand immediately after a disruption,
while “Ripple effect” measures the probability of a disruption propagation (Han et al.
2020). The first is considering the ability to satisfy the market demand, while the latter
is focusing on the risk of having a disruption that propagates its effects in the network,
hindering the ability of some nodes in the chain to perform. Thus, the latter does not



provide information on the demand served, although, in some cases, the impact can also
reach the market.
“Number of relevant relationships” and “Cooperation between supply chain agents”.
The former focuses on the number of relevant relationships (Han et al. 2020), as a
means to quantify the number of value-adding relationships in the network, while the
latter measures the quality of the relationships with the stakeholders (Gualandris et al.
2015), including a qualitative assessment that considers information about joint
investments with other actors in the chain and investments in a shared ERP solution
with supplier and/or distributors, among others.
It can be concluded that there are no significant overlaps among indicators, as each of

them contributes to adding important information for decision-making. The ones
mentioned by interviewees may be linked to their specific understanding of the concepts,
which may be partial and dependent upon their experience.

Considering the comments by interviewees and the indicators already in use by firms,
the interviewees showed a disproportionate focus on risk management and the readiness
level rather than on the response to disruption. This can be found in the extant literature
as well. However, as not all disruptions are foreseeable, avoidable, or reliably anticipated,
this approach tends to be limited and partial (Pettit et al. 2013; Fiksel et al. 2015).
Concerning sustainability, the cases allowed to retrieve that there is high attention to
environmental sustainability. The social pillar is relatively less monitored (Hervani et al.
2022), while the economic one is so established that it is sometimes difficult for firms to
see that sustainability and resilience may have economic benefits too (Dabhilkar et al.
2016; Gouda and Saranga 2018; Silva et al. 2019; Malesios et al. 2020). Some
interviewees, as for firm A, stated that economic sustainability may be an enabler of
environmental and social initiatives. In their opinion, indeed, an economically stable
business is able to invest in environmental protection and social projects. However, the
literature suggests that the contrary might also be true, meaning that environmental and
social practices do strengthen the business and result in economic sustainability (Choi et
al. 2017; Islam et al. 2017; Miroshnychenko et al. 2017).

One of the respondents from SC A believes it might be interesting to prioritize the
indicators in the framework to also give a roadmap on how to start measuring
sustainability and resilience. This could indeed help firms, especially SMEs, to increase
the adoption of performance measurement frameworks and guide them towards improved
awareness and implementation of sustainability and resilience (Bititci et al. 2015). It
could be argued that the versions of the core and full framework do provide guidance to
firms, by providing a first set of fundamental indicators (core framework) and then scaling
up to include more indicators and information (full framework), thus adapting to the
changing needs of firms.

3.6 Conclusions and Further Research

This chapter provides insights that advance knowledge on performance measurement, by
providing a framework to simultaneously measure the sustainability and resilience
performance.

This framework aims at filling the first research gap identified, namely, the lack of a
framework to measure sustainability and resilience. The framework proposed exploits the
synergies between the concepts to arrive at a limited number of indicators while keeping
a comprehensive view on the concepts. The second research gap, namely, the lack of
operativity, is addressed by providing clear definitions and metrics attached to the
indicators. Besides, the link with the capabilities and performance allows to clearly
identify the areas that need improvement and, reversely, to select adequate indicators to
improve a specific capability or performance. Finally, the third research gap identified,
namely, the lack of scalability, is addressed by providing two versions of the framework.



The core framework is particularly indicated for SMEs, for new adopters, and for day-to-
day decision-making.

This study provides insights for policy-making activities, to better design policies to
suit SCs’ needs and increase sustainability and resilience.

Some limitations may also be pointed out. First, the case studies conducted are limited
in number and only served as a first empirical validation. More extensive empirical
analyses may need to be conducted in the future, to have a better understanding of the
dynamics shaping firms and SCs’ performance measurement. Second, only the focal firm
in the SC was interviewed, thus limiting the perspective on the entire SC. Multi-tier case
studies may be conducted to better grasp the differences among the tiers of the SC. This
would end up becoming useful in collecting insights on different perceptions of
performance measurement at different levels of the SC. Finally, further research should
be developed to apply the framework to SCs, measuring the performance of firms at the
SC level and at the single firm level.

Appendix: Core Framework
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around the world are concerned with minimizing the
carbon footprint and waste generation which eventually
forces the firms to restructure their supply chain network
from a social and ecological perspective. Over and above,
the lack of proper assessment methodologies makes the
implementation of RSGSCM even more challenging to
confront the sudden disruption. Therefore, the significance
of designing a supply chain network resilient to disruption
and sustainable at the same time is of paramount
importance to supply chain practitioners. Due to the
paramount importance of making the supply chain (SC)
resilient to disruptions and sustainable, this chapter
identifies and assesses the risk factors and sub-factors.
Also, risk prioritization is discussed to overcome the risk
factors that will eventually help make the supply chain of
any business resilient and increase the sustainability
performance in disruptions. An integrated multi-criteria
decision analysis approach has been used by combining the
decision-making trial and evaluation laboratory
(DEMATEL) method with intuitionistic fuzzy sets (IFS) to
explore the key challenges of the RSSCM.

Keywords Resilient and sustainable supply chain – Multi-
criteria decision-making – DEMATEL – Intuitionistic fuzzy
sets

4.1 Introduction

A supply chain (SC) includes all exercises that transform
raw materials into the final product and distribute them;
the five SC stages involved are manufacturers, suppliers,
retailers, warehouses, and customers (Zhang et al. 2021).
Supply chain management (SCM) professionals
characterize SCM as arranging and dealing with all the
exercises, including procurement, logistic activities, and
sourcing (Kapoor 2018). Roughly, one in four international



development projects (IDPs) financed by the World Bank
(WB) doesn’t make even moderate progress due to
numerous potential risks (Independent Evaluation Group
2015; Rodríguez-Rivero et al. 2020). An investment of
$143.22 billion in 2018 by the Organization for Economic
Cooperation and Development (OECD) can reflect more
about the significance of handling potential risk in a certain
project (OECD 2020) as projects organized by the WB
which can achieve satisfactory progress are only 3%
(approximately 21 of 713 WB projects) (Rodríguez-Rivero
et al. 2020).

In the most recent decades, natural issues have been
expanding, which is a serious cause of environmental
change and global warming. Green supply chain (GSC)
alludes to incorporating sustainable natural processes into
the conventional SC. This can incorporate cycles, for
example, provider determination and buying material,
product manufacturing, dissemination, and end-of-life
executives (Abdul Rehman Khan 2019). GSC makes use of
the key sustainable improvement strategy. Green supply
chain management (GSCM) incorporates the following five
aspects: “interior environmental administration,” “green
purchasing,” “collaboration with clients,” “investment
recovery,” and “eco-design” (Bhatia and Gangwani 2021;
Zhu and Sarkis 2004).

Identifying the risk of any project comes in the planning
phase that links to the overall project activities, and
mitigating that risk is placed in the monitoring phase
(Garwood and Poole 2018). Risk management can be
defined as an uncertain group of events that will affect the
accomplishment of the project goals (Settembre-Blundo et
al. 2021; Stare 2014). Besides risk management being one
of the most critical internal processes in an organization, it
is considered as part of any organizational decision-making
process (De Salvo et al. 2019). Consequently, it increases
the resilience even during the prevention phase, and it is



essential for ensuring process protection and security
(Buganová and Šimíčková 2019). Moreover, the risk is
divided into two main categories of positive and negative
risk, in which positive risk consists of opportunities and
negative risk means threat (Vasilieva 2021; Stare 2014).
The projects are exposed to a variety of risks as a result of
the internal and external environments. Each project comes
with its own set of threats, which are present at all stages
of the life cycle. Some risks are indirect, while others cause
a direct threat to people and the environment (Buganová
and Šimíčková 2019).

4.2 Literature Review

Risk management (RM) focuses on identifying the risk and
mitigating them (Filippetto et al. 2021). The approach of
risk management is about identifying, analyzing,
evaluating, and then mitigating the risk (Oduoza 2020).
According to Filippetto et al. (2021), RM is a standardized
added percentage in the final cost of the product. Roy and
Roy (2020) pointed out that to avoid losses, companies
have to transfer the risk to insurance companies. Risk
management follows an effective strategy to find out a
project’s SWOT by planning for unnatural scenarios
(Komendantova et al. 2012). Moreover, to ensure the
success of project, it’s necessary to determine how to deal
with any potential risk. Nevertheless, they classify the risk
based on specific features by those methods without
including their possible interactions (Marcelino-Sádaba et
al. 2015).

Risk will cause a delay in investment decisions, which
means that it will affect the project and cause severe
failure (Kul et al. 2020). Risk can be classified as political,
financial, social, and technical. Besides that, six key risks
are impeding solar energy projects which can be divided
into internal and external risks. Internal risks include



technological risk, operational risk, and financial risk, while
external risks incorporate political risk and regulatory risk,
along with weather-related risk (Roy and Roy 2020).
However, there are several key factors considered as risk
mitigations: first is the improvement of energy efficiency,
followed by investment in knowledge, depending on the
technologies. In addition to that, it is necessary to specify
the internal risk management function and collaboration
strategies among stakeholders in the industry and ensure
monitoring and maintenance (Kruger et al. 2019).

A study considering only environmental sustainability
has been evaluated by applying the “interpretive ranking
process (IRP)” modeling approach to illustrate interactions
among the identified risks (Luthra et al. 2015). An
assessment of challenges that affects green supply chain
management (GSCM) has been studied based on the
“structural equation modeling” approach (Jum’a et al.
2022). The result shows that environmental, supplier, cost,
and customer factors mostly affect the overall GSCM.
Furthermore, a systemic review has been conducted for a
sustainable manufacturing industry focusing on GSCM.
This study assimilates the similar arrangements of the USA,
China, Japan, and the EU which uncover that the
administration system of “multi-departmental cooperation”
prompts the evasion and move of liability (Sheng et al.
2022). Moreover, research addressing “bi-level
programming” that focused on resilience factors has been
carried out for optimizing a sustainable supply chain.

Multiple-criteria decision-making (MCDM) has been
generally adopted for settling on choices in complicated
circumstances in any SCM. Among the various MCDM
approaches, Aigbogun et al. (2014) proposed a model to
increase the SC resilience of the pharmaceutical industry.
In addition, Aigbogun et al. (2014) also proposed a fuzzy
AHP model to identify the PSC’s challenges. Meanwhile,
Jaberidoost et al. (2015) developed AHP and simple



additive weighting (SAW) methods to study PSC
challenges’ assessment. Later, Abbas (2018) proposed an
interpretive structural modeling (ISM) to examine the
challenges in reverse logistics practices in PSC. An
essential technique that can compute the causal relations
among different complicated challenges is expressed as the
decision-making trial and evaluation laboratory
(DEMATEL) method (Zhang and Deng 2019). A framework
was developed for evaluating food SC risks in Bangladesh
food preparing organizations utilizing the gray-DEMATEL
method (Ali et al. 2019). This study combines the theory of
gray system (TGS) with the DEMATEL method to evaluate
the challenges in PSC. TGS deals with the uncertainty of
individual choices with an absence of information (Memon
et al. 2015; Scarlat and Delcea 2011). The advantage of
TGS is its ability to produce consistent results with the
assistance of data with a small set (Camelia 2015; Gong
and Forrest 2014). DEMATEL recognizes the relations of
cause and effect between challenges; however, it is unable
to defeat the challenge’s vagueness (Zhou et al. 2011;
Shieh et al. 2010). The integrated TGS and DEMATEL, i.e.,
the gray-DEMATEL method, will eliminate the vagueness
and uncertainty issues in the individual’s choice and
accordingly will work on the exactness of the outcome.

4.3 Methodology

A list of risks of RSGSCM is recognized based on previous
literature and a questionnaire survey. Twenty risks are
listed from the previous literature. To assess the RSGSCM
risks, a total of 11 experts, including 2 academics, 3
advisors, and 6 practitioners (consisting of 2 buyers, 2
suppliers, and 2 distributors), are invited, as shown in
Table 4.1. The academics are mainly researchers in supply
chain management. The advisors and the practitioners are
actively involved in the supply chain sectors of various



organizations. Five risks are added and ten risks are
eliminated by the experts. Table 4.2 lists these 15 risks and
shows whether risks are gathered from literature or
experts’ suppositions. The listed 15 RSGSCM risks are
provided to the experts for affirmation and approval. A
second questionnaire survey is conducted to analyze the
impacts of the identified risks. Figure 4.1 demonstrates the
suggested methodology for this research.

Table 4.1 List of experts participating in this study

Expert

no.

Role in

PSC

Position Type of

organization

Years of

experience

1 Advisor Chairman Public medical 30+
2 Advisor Chief executive

officer
Public medical 07

3 Advisor Executive officer Public medical 04
4 Academic Assistant Professor Business School 12
5 Academic Professor Public university 19
6 Practitioner Chairman Pharmaceutical

company
25

7 Practitioner General secretary Pharmaceutical
company

20

8 Practitioner Managing director Healthcare
company

13

9 Practitioner Executive, supply
chain

Raw material
supplier

10

10 Practitioner Executive,
production planning

Healthcare
company

10

11 Practitioner Senior merchandiser Pharmaceutical
company

07

Table 4.2 List of risks for RSGSCM

Main

categories

Subcategories Code RSGSCM risks References



Main

categories

Subcategories Code RSGSCM risks References

Resilient Reliable aspect Ri1 Lack of control
strategy

Gölgeci and
Kuivalainen
(2020)

Ri2 Infrastructure-related
risk

Expert opinion

Ri3 Budget-related risk Expert opinion

Restorative
aspect

Ri4 Backup resource risk Hossain et al.
(2019)

Ri5 Limited green
technology adaption

Karuppiah et al.
(2021)

Ri6 Resource restoration-
related risk

Expert opinion

Sustainable Economic
aspect

Ri7 Capital investment
risks

Negash et al.
(2021)

Ri8 Supply disruption risk Kim and Chai
(2017)

Ri9 Production loss Karuppiah et al.
(2021)

Environmental
aspect

Ri10 Material consumption
risk

Nicod et al.
(2020)

Ri11 Extensive greenhouse
gas emission

Expert opinion

Ri12 Waste management
risk

Expert opinion

Social aspect Ri13 Negligence toward the
safety of workers

Obiso et al.
(2019)

Ri14 Potential supplier
failures

Kumar et al.
(2015)

Ri15 Lack of training and
education of workers

Expert opinion



Fig. 4.1 The flow for evaluating RSGSCM risks in this study



4.3.1 Theory of Intuitionistic Fuzzy Set (IFS)

The theory of fuzzy set (FS) was developed for managing
vagueness along with uncertainty in evaluating data (Zadeh
1996), whereas IFS is an extension of the FS. In IFS, the
data are presented through both membership function
(MF) and nonmembership function (NMF), and it can also
handle the vagueness of data (Gan and Luo 2017). The
significant contrast between FS and IFS is that IFS can
deal with the expert’s vagueness (Govindan et al. 2015).
Whenever decision-makers and specialists are not certainly
confident about their perspectives, the IFS performs better
compared to FS as IFS has the capacity to display
uncertain and unknown data. The following definitions are
the illustrations of IFS theory:

Definition 4.1 A which is a finite set may be presented
as:

(4.1)
In Eq. 4.1, vB (x): A → [0,1] is NMF, and MF is μB (x): A

→ [0,1] which may be presented, considering 0 ≤ μB

(x) + vB (x) ≤ 1. Moreover, B ⊆ A and A = {x, μB (x): x ∈ A,
μB (x) ∈ [0,1]}, when μB (x) presents the degree of lack of
information and vB (x) signifies the degree of element x ∈ A
to that fixed B (Atanassov 1999; Alam et al. 2021; Ocampo
et al. 2020). The relation of μB (x) and vB (x) with πB (x) can
be presented by Eq. 4.2:

(4.2)

Definition 4.2 A triangular fuzzy number
(TFN) is expressed as a triplet B = (l, m, u), vB (x) and μB

(x) is presented as follows, where m, l, and u represent the
most promising, the lowest, and the highest available data,



respectively to explain a fuzzy event. (Balli and Korukoǧlu
2009):

(4.3)

Definition 4.3 The IFS can be presented as K (fixed
universe) → [0,1] × [0,1], which is illustrated as vB (x) and
μB (x), where x ∈ K and MF and NMF are of x to B ∀ μB

(x) + vB (x) ≤ 1. The arrangement of [0,1] × [0,1] → M is
presented by crispification operation (CO) when K = M.
The CO can be explained as Cλ: [0,1] × [0,1] → M along
with B is the IFS. The FS has assessed that set, utilizing a
defuzzification technique, where FS is changed from B
(Alam et al. 2021; Anzilli and Facchinetti 2016; Angelov
1995).

Definition 4.4 From Definition 4.3, the conversion of B
into a standard FS can be expressed as:

(4.4)
where μλ (x) remains in Cλ (B), and it is the addition of μB

(x) along with λμB (x), and λ may be assumed as a value
from 0 to 1 (Ocampo et al. 2020). Assuming λ = ½, then the
problem may be represented by .
Moreover, t is Euclidean intervals, where the set is
illustrated through Eq. 4.5:

(4.5)

4.3.2 DEMATEL Method



The DEMATEL method can be noted as a diagram
hypothetical method which presents causal connections
between the number of listed risks (Alam et al. 2021). The
basic phases of this method is explained below (Alam et al.
2021; Biswas and Gupta 2019):

Step 1: Development of a direct-relation matrix (DRM),
which incorporates a pairwise correlation of causal
connections among D number components. This
correlation may be formulated from the presentation of a
bunch of specialists including N individuals. The DRM
XP = (xij

P)D × D for the Pth specialist where xij presents
the impact of the risks Di on risks Dj.

The aggregate DRM (ADRM), X, ∀ XP where P = 1, 2, 3,
… N, wP ∈ R can be taken as the meaning of Pth specialist.
X is presented by Eq. 4.6:

(4.6)

Step 2: Normalization of ADRM, which can be calculated
using Eqs. 4.7–4.8:
E = f−1X(4.7)

(4.8)

Step 3: Evaluate the total relation matrix (TRM) RT, that
is determined from (RT = [rij]D × D) by Eq. 4.9. RT

signifies the influential connections among the listed
risks:

(4.9)



where rij shows the element of RT in jth column and ith row
and I shows a D × D identity matrix (Alam et al. 2021).

Step 4: Prioritization of listed risks along with the cause.
Gi presents the summation of rows when Hj presents a
summation of columns. A graph based on cause and
effect is accumulated through the arrangement of
(Gi + Hj, Gi − Hj) value:

(4.10)

(4.11)

The “prominence vector” (Gi + Hj) signifies the relative
importance of individual risks. Those risks in the “relation
vector” (Gi − Hj) remain with net cause if ri − rj > 0, i = j.
The risks remain with net effect when ri − rj < 0, i = j (Alam
et al. 2021).

Step 5: Development of the “prominence-relation map”
(PRM). Figure 4.2 illustrates the (Gi + Hj, Gi − Hj)
mapping of listed risks.



Fig. 4.2 The prominence-relation map (PRM)

4.3.3 Intuitionistic Fuzzy DEMATEL (IF-

DEMATEL)

IF-DEMATEL can be explained as:
Phase 1: Investigate the RSGSCM risks.
The RSGSCM risks are investigated through

semiorganized meetings/feedback based on the deductive
and iterative procedures. The identified risks are listed in
Table 4.2.

Phase 2: Develop the DRM.
DRM is formulated by a group of 11 experts. The

specialists’ group provides the value of xij. Specialist
consultations and collaborations are directed to ensure that
the values of these risks in the initial DRM (IDRM) aren’t
capricious. The specialists are asked to provide the value of



membership function (μB (x)) along with nonmembership
function (vB (x)) on the causal impact of Di on Dj. The
numerical values of πB (x) are calculated from Eq. 4.2.
Table A.1 (shown in Appendix) presents IDRM in IFS, and
all components may be indicated as a 2-tuple. The main
idea of the 2-tuple is explained in Definition 4.3.

Phase 3: Calculate the corresponding membership
function (CMF).
The CMF of the equivalent FS is calculated in this step.

Calculation of the MF utilizes the defuzzification process
(DP) of the IFS value (Alam et al. 2021; Ocampo et al.
2020). From Anzilli and Facchinetti (2016), a double-stage
DP is applied in this calculation. First, IFS can be
transformed into the FS utilizing Eq. 4.5. Table A.2
presents IDRM in FS. For example:

Phase 4: Evaluate the DP from FS.
Lastly, the defuzzification function k can be considered,

which may arrange k: μ(x) → R (L. Ocampo and Yamagishi
2020). The values of μB (x), present in Table A.2, are
allocated to a TFN (l, m, u) = (0, 4, 4) (Alam et al. 2021).
Equation 4.3 may be revised like Eq. 4.12:

(4.12)
In Eq. 12, μ ( ) and  mean the membership function

and the “crisp” value, respectively. For instance:

Crisp values as IDRM are listed in Table A.3.
Phase 5: Develop the normalized DRM (NDRM).
The NDRM are calculated from Eqs. 4.7 to 4.8, where

f = 38.6. The matrix is presented in Table A.4.



Phase 6: Construct the TRM.
TRM is constructed using Eq. 4.9 which is presented in

Table A.5. The (Gi − Hj) and (Gi + Hj) vectors are listed in
Table 4.2 along with Table 4.3 and can be calculated using
Eqs. 4.10 and 4.11 (Kumar et al. 2020). The net cause (Y)
and the net effect (Z) are categorized in Table 4.3.

Phase 7: Formulate the prominence-relation map (PRM).

Table 4.3 Relation vector (Gi – Hj)

Rank Cause group Gi – Hj Rank Effect group Gi – Hj

1 Ri14 0.5242 1 Ri2 −0.0003

2 Ri7 0.3991 2 Ri5 −0.0172

3 Ri1 0.3869 3 Ri6 −0.0236

4 Ri11 0.3180 4 Ri8 −0.0909

5 Ri12 0.2713 5 Ri10 −0.1385

6 Ri13 0.1720 6 Ri4 −0.3079

      7 Ri15 −0.3081

      8 Ri3 −0.4729

      9 Ri9 −0.7119

Figure 4.4 illustrates the PRM, which is formulated
based on (Gi + Hj, Gi − Hj) coordinates. Figure 4.3 shows
all phases of the IF-DEMATEL.



Fig. 4.3 Phases of IF-DEMATEL

4.4 Results and Analysis



Cause group risks along with effect group risks are
categorized in this section. Moreover, risks are ranked in
view of the “prominence vector.” A PRM of risks to the
RSGSCM is developed for uncovering the interactions
among the risks (Alam et al. 2021).

4.4.1 Cause Group

Based on the numerical value set (Gi − Hj), six risks remain
in the cause group (shown in Table 4.3). These risks can be
listed as “lack of control strategy (Ri1),” “capital
investment risks (Ri7),” “extensive greenhouse gas
emission (Ri11),” “waste management risk (Ri12),”
“negligence toward the safety of workers (Ri13),” and
“potential supplier failures (Ri14).” The group of Y has a
more significant influence (Gi) than the group of Z (Hj)
(Alam et al. 2021).

4.4.2 Effect Group

Nine risks remain in this group (as shown in Table 4.3).
These are “infrastructure-related risk (Ri2),” “budget-
related risk (Ri3),” “backup resource risk (Ri4),” “limited
green technology adaption (Ri5),” “resource restoration-
related risk (Ri6),” “supply disruption risk (Ri8),”
“production loss (Ri9),” “material consumption risk (Ri10),”
and “lack of training and education of workers (Ri15).”

The Z group is relatively simple to impact as their (Gi -
Hj) values are negative. These risks have to be considered
after the cause group risk is handled. The ranking of the
risks is (based on (Gi - Hj) values) as follows: Ri 14 > Ri

7 > Ri 1 > Ri 11 > Ri 12 > Ri 13 > Ri 2 > Ri 5 > Ri

6 > Ri 8 > Ri 10 > Ri 4 > Ri 15 > Ri 3 > Ri 9.



4.4.3 Prominence Vector

The (Gi + Hj) values in Table 4.4 illustrate the “relative
importance” of listed risks. The higher the value of
(Gi + Hj) for a particular factor, the larger the significance
of that factor (Bai and Sarkis 2013). As shown in Table 4.4,
“infrastructure-related risk (R2)” holds the most elevated
(Gi + Hj) value, signifying the most influential risk of the
RSGSCM. The ranking of listed risks is (based on (Gi + Hj)
values) as follows: Ri 2 > Ri 1 > Ri 13 > Ri 11 > Ri

14 > Ri 12 > Ri 3 > Ri 15 > Ri 9 > Ri 5 > Ri 4 > Ri

8 > Ri 10 > Ri 6 > Ri 7.

Table 4.4 Prominence vector (Gi + Hj)

Rank Risks Gi Hj (Gi + Hj)

1 Ri2 5.2200 5.2203 10.4403

2 Ri1 5.3204 4.9335 10.2540

3 Ri13 5.0667 4.8948 9.9615

4 Ri11 4.8959 4.5779 9.4738

5 Ri14 4.9965 4.4723 9.4687

6 Ri12 4.5725 4.3012 8.8737

7 Ri3 4.1805 4.6534 8.8339

8 Ri15 4.1515 4.4595 8.6110

9 Ri9 3.5777 4.2896 7.8673

10 Ri5 3.8789 3.8961 7.7749

11 Ri4 3.7136 4.0215 7.7351

12 Ri8 3.7225 3.8134 7.5360

13 Ri10 3.6002 3.7387 7.3388

14 Ri6 3.2909 3.3145 6.6053

15 Ri7 3.4979 3.0988 6.5967



4.4.4 Correlations Between the Challenges

Significant risks are identified through mapping them in
the PRM (as shown in Fig. 4.4). In PRM, all listed risks can
be sorted into four clusters: minor key risks (MKR) (HR,
LP), key risks (KR) (HR, HP), independent risks (IR) (LR,
LP), and indirect risks (InR) (LR, LP). HR signifies high
relation and LR represents low relation; LP stands for low
prominence and HP for high prominence (Alam et al. 2021).
Risks arranged over x-axis remain in the cause group, and
the risks which remain under x-axis are in the effect group.
Effect group risks are influenced by the cause group risks.

Fig. 4.4 The PRM of the risks to the RSGSCM

It is evident from Fig. 4.4 the MKR cluster consists of
one risk, and it is “capital investment risks (Ri7).” This risk
has negligible influence on other risks, and their potential
importance is also comparatively low. IR cluster contains
six risks, and they are “backup resource risk (Ri4),”
“limited green technology adaption (Ri5),” “resource



restoration-related risk (Ri6),” “supply disruption risk
(Ri8),” “production loss (Ri9),” and “material consumption
risk (Ri10).” It means that these risks may not be
influenced by other risks.

The InR cluster consists of three risks. These risks are
(1) “infrastructure-related risk (Ri2),” (2) “budget-related
risk (Ri3),” and (3) “lack of training and education of
workers (Ri15).” InR has high influence but low relation.
The KR cluster consists of five risks. These risks can be
listed as (1) “lack of control strategy (Ri1),” (2) “extensive
greenhouse gas emission (Ri11),” (3) “waste management
risk (Ri12),” (4) “negligence toward the safety of workers
(Ri13),” and (5) “potential supplier failures (Ri14).” Key
risks have the most impact on other risks. All the risks of
the cause group should be given the most priority.

4.5 Conclusion

The objective of this study is to provide a guideline for
finding the main risks to RSGSCM. To make the research
more concrete, a survey was conducted, and the
investigations about RSGSCM were strategically corrected
with the gathered information. This reflects that the most
significant risk is “infrastructure-related risk” in RSGSCM.
As RSGSCM is a unique and essential supply chain, this
risk should be eliminated. The “infrastructure-related risk”
is closely related to “lack of control strategy.” “Lack of
control strategy” along with “capital investment risks” are
the main causes of the effect of “infrastructure-related
risk.” Moreover, “negligence toward the safety of workers”
is also an influential risk, being the cause of “lack of
training and education of workers” and “supply disruption
risk.”



This research can be a baseline for determining the risks
that affect the RSGSCM in developing countries and
underdeveloped countries. For further research in this
area, it is highly recommended that a more detailed
industrial survey needs to be conducted and a more in-
depth investigation should be carried out. The restricted
number of specialists utilized in this investigation opens
doors for further investigation. Future examinations can
incorporate more difficulties from various phases of the
RSGSCM. Also, the recognized risks recorded simply
mirror specialists’ conclusions from developing countries;
subsequently, the reasonableness of the outcomes might be
restricted to lower economic nations. Consequently, a
future study can be created, including specialists from
developed nations. At last, applying distinctive MCDM to
deal with the issues, difficulties, drivers, and hindrances
identified with RSGSCM can be investigated in future
examinations.

Appendix A

Table A.1 The IDRM in IFS



Table A.2 The IDRM in standard FS



Table A.3 The IDRM in crisp values

Table A.4 The NDRM



Table A.5 The TRM



References
Abbas H (2018) Barriers to reverse logistics practices in pharmaceutical supply
chains: an ISM approach. Int J Bus Excell 16(1):47–60. https://​doi.​org/​10.​1504/​
IJBEX.​2018.​094574
[Crossref]

Abdul Rehman Khan S (2019) Introductory chapter: Introduction of green
supply chain management. In: Abdul Rehman Khan S (ed) Green practices and
strategies in supply chain management. IntechOpen, New York. https://​doi.​org/​
10.​5772/​intechopen.​81088
[Crossref]

Aigbogun O, Ghazali Z, Razali R (2014) A framework to enhance supply chain
resilience the case of Malaysian pharmaceutical industry. Glob Bus Manag Res
6(3):219–228

Alam ST, Ahmed S, Ali SM, Sarker S, Kabir G, ul-Islam, A. (2021) Challenges to
COVID-19 vaccine supply chain: implications for sustainable development
goals. Int J Prod Econ 239(April):108193. https://​doi.​org/​10.​1016/​j.​ijpe.​2021.​
108193
[Crossref]

https://doi.org/10.1504/IJBEX.2018.094574
https://doi.org/10.1504/IJBEX.2018.094574
https://doi.org/10.5772/intechopen.81088
https://doi.org/10.5772/intechopen.81088
https://doi.org/10.1016/j.ijpe.2021.108193
https://doi.org/10.1016/j.ijpe.2021.108193


Ali SM, Moktadir MA, Kabir G, Chakma J, Rumi MJU, Islam MT (2019)
Framework for evaluating risks in food supply chain: implications in food
wastage reduction. J Clean Prod 228:786–800. https://​doi.​org/​10.​1016/​j.​
jclepro.​2019.​04.​322
[Crossref]

Angelov P (1995) Crispification: defuzzification over intuitionistic fuzzy sets.
Bull Stud Exch Fuzz Appl BUSEFAL 64:51–55

Anzilli L, Facchinetti G (2016) A new proposal of defuzzification of intuitionistic
fuzzy quantities. In: Atanassov KT et al (eds) Novel developments in
uncertainty representation and processing, Advances in intelligent systems and
computing, vol 401. Springer, Cham, pp 185–195. https://​doi.​org/​10.​1007/​978-
3-319-26211-6_​16
[Crossref]

Atanassov, K. T. (1999). Intuitionistic fuzzy sets. In Atanassov, K. T.
Intuitionistic fuzzy sets (pp. 1–137). Springer Heidelberg

Bai C, Sarkis J (2013) A grey-based DEMATEL model for evaluating business
process management critical success factors. Int J Prod Econ 146(1):281–292.
https://​doi.​org/​10.​1016/​j.​ijpe.​2013.​07.​011
[Crossref]

Balli S, Korukoǧlu S (2009) Operating system selection using fuzzy AHP and
topsis methods. Math Comp Appl 14(2):119–130. https://​doi.​org/​10.​3390/​
mca14020119
[Crossref]

Bhatia MS, Gangwani KK (2021) Green supply chain management:
Scientometric review and analysis of empirical research. J Clean Prod
284:124722. https://​doi.​org/​10.​1016/​j.​jclepro.​2020.​124722
[Crossref]

Biswas B, Gupta R (2019) Analysis of barriers to implement blockchain in
industry and service sectors. Comput Ind Eng 136:225–241. https://​doi.​org/​10.​
1016/​j.​cie.​2019.​07.​005
[Crossref]

Buganová K, Šimíčková J (2019) Risk management in traditional and agile
project management. Transp Res Procedia 40:986–993. https://​doi.​org/​10.​
1016/​j.​trpro.​2019.​07.​138
[Crossref]

Camelia D (2015) Grey systems theory in economics – bibliometric analysis and
applications’ overview. Grey Syst Theor Appl 5(2):244–262. https://​doi.​org/​10.​
1108/​gs-03-2015-0005
[Crossref]

https://doi.org/10.1016/j.jclepro.2019.04.322
https://doi.org/10.1016/j.jclepro.2019.04.322
https://doi.org/10.1007/978-3-319-26211-6_16
https://doi.org/10.1007/978-3-319-26211-6_16
https://doi.org/10.1016/j.ijpe.2013.07.011
https://doi.org/10.1016/j.ijpe.2013.07.011
https://doi.org/10.3390/mca14020119
https://doi.org/10.3390/mca14020119
https://doi.org/10.1016/j.jclepro.2020.124722
https://doi.org/10.1016/j.jclepro.2020.124722
https://doi.org/10.1016/j.cie.2019.07.005
https://doi.org/10.1016/j.cie.2019.07.005
https://doi.org/10.1016/j.trpro.2019.07.138
https://doi.org/10.1016/j.trpro.2019.07.138
https://doi.org/10.1108/gs-03-2015-0005
https://doi.org/10.1108/gs-03-2015-0005


De Salvo M, Capitello R, Gaudenzi B, Begalli D (2019) Risk management
strategies and residual risk perception in the wine industry: A spatial analysis
in Northeast Italy. Land Use Policy 83:47–62. https://​doi.​org/​10.​1016/​j.​
landusepol.​2019.​01.​022
[Crossref]

Filippetto AS, Lima R, Barbosa JLV (2021) A risk prediction model for software
project management based on similarity analysis of context histories. Inf Softw
Technol 131:106497. https://​doi.​org/​10.​1016/​j.​infsof.​2020.​106497
[Crossref]

Gan J, Luo L (2017) Using DEMATEL and intuitionistic fuzzy sets to identify
critical factors influencing the recycling rate of end-of-life vehicles in China.
Sustainability (Switzerland) 9(10):1–22. https://​doi.​org/​10.​3390/​su9101873
[Crossref]

Garwood DA, Poole AH (2018) Project management as information
management in interdisciplinary research: “Lots of different pieces working
together”. Int J Inf Manag 41:14–22. https://​doi.​org/​10.​1016/​j.​ijinfomgt.​2018.​
03.​002
[Crossref]

Gölgeci I, Kuivalainen O (2020) Does social capital matter for supply chain
resilience? The role of absorptive capacity and marketing-supply chain
management alignment. Ind Mark Manag 84:63–74. https://​doi.​org/​10.​1016/​j.​
indmarman.​2019.​05.​006
[Crossref]

Gong Z, Forrest JYL (2014) Special issue on meteorological disaster risk
analysis and assessment: on basis of grey systems theory. Nat Hazards
71(2):995–1000. https://​doi.​org/​10.​1007/​s11069-013-0864-y
[Crossref]

Govindan K, Khodaverdi R, Vafadarnikjoo A (2015) Intuitionistic fuzzy based
DEMATEL method for developing green practices and performances in a green
supply chain. Expert Syst Appl 42(20):7207–7220. https://​doi.​org/​10.​1016/​j.​
eswa.​2015.​04.​030
[Crossref]

Hossain NUI, Jaradat R, Hosseini S, Marufuzzaman M, Buchanan RK (2019) A
framework for modeling and assessing system resilience using a Bayesian
network: A case study of an interdependent electrical infrastructure system. Int
J Crit Infrastruct Prot 25:62–83. https://​doi.​org/​10.​1016/​j.​ijcip.​2019.​02.​002
[Crossref]

Independent Evaluation Group (2015) The World Bank group A to Z 2016.
https://​doi.​org/​10.​1596/​978-1-4648-0484-7

Jaberidoost M, Olfat L, Hosseini A, Kebriaeezadeh A, Abdollahi M, Alaeddini M,

https://doi.org/10.1016/j.landusepol.2019.01.022
https://doi.org/10.1016/j.landusepol.2019.01.022
https://doi.org/10.1016/j.infsof.2020.106497
https://doi.org/10.1016/j.infsof.2020.106497
https://doi.org/10.3390/su9101873
https://doi.org/10.3390/su9101873
https://doi.org/10.1016/j.ijinfomgt.2018.03.002
https://doi.org/10.1016/j.ijinfomgt.2018.03.002
https://doi.org/10.1016/j.indmarman.2019.05.006
https://doi.org/10.1016/j.indmarman.2019.05.006
https://doi.org/10.1007/s11069-013-0864-y
https://doi.org/10.1007/s11069-013-0864-y
https://doi.org/10.1016/j.eswa.2015.04.030
https://doi.org/10.1016/j.eswa.2015.04.030
https://doi.org/10.1016/j.ijcip.2019.02.002
https://doi.org/10.1016/j.ijcip.2019.02.002
https://doi.org/10.1596/978-1-4648-0484-7


Dinarvand R (2015) Pharmaceutical supply chain risk assessment in Iran using
analytic hierarchy process (AHP) and simple additive weighting (SAW)
methods. J Pharm Policy Pract 8(1):1–10. https://​doi.​org/​10.​1186/​s40545-015-
0029-3
[Crossref]

Jum’a L, Ikram M, Alkalha Z, Alaraj M (2022) Factors affecting managers’
intention to adopt green supply chain management practices: evidence from
manufacturing firms in Jordan. Environ Sci Pollut Res 29(4):5605–5621.
https://​doi.​org/​10.​1007/​s11356-021-16022-7
[Crossref]

Kapoor D (2018) An overview on pharmaceutical supply chain: A next step
towards good manufacturing practice. Drug Design Intell Prop Int J 1(2):49–54.
https://​doi.​org/​10.​32474/​ddipij.​2018.​01.​000107
[Crossref]

Karuppiah K, Sankaranarayanan B, Ali SM (2021) On sustainable predictive
maintenance: exploration of key barriers using an integrated approach. Sustain
Prod Consump 27:1537–1553. https://​doi.​org/​10.​1016/​j.​spc.​2021.​03.​023
[Crossref]

Kim M, Chai S (2017) Implementing environmental practices for accomplishing
sustainable green supply chain management. Sustainability (Switzerland) 9(7).
https://​doi.​org/​10.​3390/​su9071192

Komendantova N, Patt A, Barras L, Battaglini A (2012) Perception of risks in
renewable energy projects: the case of concentrated solar power in North
Africa. Energy Policy 40(1):103–109. https://​doi.​org/​10.​1016/​j.​enpol.​2009.​12.​
008
[Crossref]

Kruger W, Stritzke S, Trotter PA (2019) De-risking solar auctions in sub-
Saharan Africa – A comparison of site selection strategies in South Africa and
Zambia. Renew Sust Energ Rev 104:429–438. https://​doi.​org/​10.​1016/​j.​rser.​
2019.​01.​041
[Crossref]

Kul C, Zhang L, Solangi YA (2020) Assessing the renewable energy investment
risk factors for sustainable development in Turkey. J Clean Prod 276:124164.
https://​doi.​org/​10.​1016/​j.​jclepro.​2020.​124164
[Crossref]

Kumar S, Kumar P, Kumar M (2015) Risk analysis in green supply chain using
fuzzy AHP approach: a case study. Resour Conserv Recycl 104:375–390
[Crossref]

Kumar R, Singh RK, Dwivedi YK (2020) Application of industry 4.0 technologies
in SMEs for ethical and sustainable operations: analysis of challenges. J Clean

https://doi.org/10.1186/s40545-015-0029-3
https://doi.org/10.1186/s40545-015-0029-3
https://doi.org/10.1007/s11356-021-16022-7
https://doi.org/10.1007/s11356-021-16022-7
https://doi.org/10.32474/ddipij.2018.01.000107
https://doi.org/10.32474/ddipij.2018.01.000107
https://doi.org/10.1016/j.spc.2021.03.023
https://doi.org/10.1016/j.spc.2021.03.023
https://doi.org/10.3390/su9071192
https://doi.org/10.1016/j.enpol.2009.12.008
https://doi.org/10.1016/j.enpol.2009.12.008
https://doi.org/10.1016/j.rser.2019.01.041
https://doi.org/10.1016/j.rser.2019.01.041
https://doi.org/10.1016/j.jclepro.2020.124164
https://doi.org/10.1016/j.jclepro.2020.124164
https://doi.org/10.1016/j.resconrec.2015.01.001


Prod 275:124063. https://​doi.​org/​10.​1016/​j.​jclepro.​2020.​124063
[Crossref]

Luthra S, Garg D, Haleem A (2015) Critical success factors of green supply
chain management for achieving sustainability in Indian automobile industry.
Prod Plan Control 26(5):339–362. https://​doi.​org/​10.​1080/​09537287.​2014.​
904532
[Crossref]

Marcelino-Sádaba S, González-Jaen LF, Pérez-Ezcurdia A (2015) Using project
management as a way to sustainability. From a comprehensive review to a
framework definition. J Clean Prod 99:1–16. https://​doi.​org/​10.​1016/​j.​jclepro.​
2015.​03.​020
[Crossref]

Memon MS, Lee YH, Mari SI (2015) Group multi-criteria supplier selection
using combined grey systems theory and uncertainty theory. Expert Syst Appl
42(21):7951–7959. https://​doi.​org/​10.​1016/​j.​eswa.​2015.​06.​018
[Crossref]

Negash YT, Sriplod T, Hassan AM (2021) A causal sustainable natural rubber
development framework using a hierarchical structure with linguistic
preferences in Thailand. J Clean Prod 305:127095. https://​doi.​org/​10.​1016/​j.​
jclepro.​2021.​127095
[Crossref]

Nicod T, Bathfield B, Bosc PM, Promkhambut A, Duangta K, Chambon B (2020)
Households’ livelihood strategies facing market uncertainties: how did Thai
farmers adapt to a rubber price drop? Agric Syst 182:102846. https://​doi.​org/​
10.​1016/​j.​agsy.​2020.​102846
[Crossref]

Obiso JJA, Himang CM, Ocampo LA, Bongo MF, Caballes SAA, Abellana DPM,
Deocaris CC, Padua R, Ancheta R (2019) Management of Industry 4.0-
reviewing intrinsic and extrinsic adoption drivers and barriers. Int J Technol
Manag 81(3–4):210–257. https://​doi.​org/​10.​1504/​IJTM.​2019.​105310
[Crossref]

Ocampo L, Yamagishi K (2020) Modeling the lockdown relaxation protocols of
the Philippine government in response to the COVID-19 pandemic: an
intuitionistic fuzzy DEMATEL analysis. Socio Econ Plan Sci 72:100911. https://​
doi.​org/​10.​1016/​j.​seps.​2020.​100911
[Crossref]

Oduoza CF (2020) Framework for sustainable risk management in the
manufacturing sector. Proced Manufact 51:1290–1297. https://​doi.​org/​10.​
1016/​j.​promfg.​2020.​10.​180
[Crossref]

https://doi.org/10.1016/j.jclepro.2020.124063
https://doi.org/10.1016/j.jclepro.2020.124063
https://doi.org/10.1080/09537287.2014.904532
https://doi.org/10.1080/09537287.2014.904532
https://doi.org/10.1016/j.jclepro.2015.03.020
https://doi.org/10.1016/j.jclepro.2015.03.020
https://doi.org/10.1016/j.eswa.2015.06.018
https://doi.org/10.1016/j.eswa.2015.06.018
https://doi.org/10.1016/j.jclepro.2021.127095
https://doi.org/10.1016/j.jclepro.2021.127095
https://doi.org/10.1016/j.agsy.2020.102846
https://doi.org/10.1016/j.agsy.2020.102846
https://doi.org/10.1504/IJTM.2019.105310
https://doi.org/10.1504/IJTM.2019.105310
https://doi.org/10.1016/j.seps.2020.100911
https://doi.org/10.1016/j.seps.2020.100911
https://doi.org/10.1016/j.promfg.2020.10.180
https://doi.org/10.1016/j.promfg.2020.10.180


OECD (2020) Official development assistance 2018. Int J Pest Manag B.
https://​doi.​org/​10.​1080/​0533184650943221​1

Rodríguez-Rivero R, Ortiz-Marcos I, Romero J, Ballesteros-Sánchez L (2020)
Finding the links between risk management and project success: evidence from
international development projects in Colombia. Sustainability (Switzerland)
12(21):1–19. https://​doi.​org/​10.​3390/​su12219294
[Crossref]

Roy NC, Roy NG (2020) Risk management in small hydropower (SHP) projects
of Uttarakhand: an innovative approach: risk management in small hydropower
projects. IIMB Manag Rev 32(3):291–304. https://​doi.​org/​10.​1016/​j.​iimb.​2019.​
10.​012
[Crossref]

Scarlat E, Delcea C (2011) Complete analysis of bankruptcy syndrome using
grey systems theory. Grey Syst Theor Appl 1(1):19–32. https://​doi.​org/​10.​1108/​
2043937111110670​4
[Crossref]

Settembre-Blundo D, González-Sánchez R, Medina-Salgado S, García-Muiña FE
(2021) Flexibility and resilience in corporate decision making: A new
sustainability-based risk management system in uncertain times. Glob J Flex
Syst Manag 22(December):107–132. https://​doi.​org/​10.​1007/​s40171-021-
00277-7
[Crossref]

Sheng X, Chen L, Yuan X, Tang Y, Yuan Q, Chen R, Wang Q, Ma Q, Zuo J, Liu H
(2022) Green supply chain management for a more sustainable manufacturing
industry in China: a critical review. Environment, Development and
Sustainability:1–33. https://​doi.​org/​10.​1007/​s10668-022-02109-9

Shieh JI, Wu HH, Huang KK (2010) A DEMATEL method in identifying key
success factors of hospital service quality. Knowl-Based Syst 23(3):277–282.
https://​doi.​org/​10.​1016/​j.​knosys.​2010.​01.​013
[Crossref]

Stare A (2014) Agile project management in product development projects.
Procedia Soc Behav Sci 119:295–304
[Crossref]

Vasilieva E (2021) Design thinking in the development of project management
approaches and modeling of business processes of the organization. In:
Zaramenskikh E, Fedorova A (eds) Digital transformation and new challenges.
Springer, Cham, pp 3–16. https://​doi.​org/​10.​1007/​978-3-030-71397-3_​1
[Crossref]

Zadeh LA (1996) Fuzzy sets. In: Klir GJ, Yuan B (eds) Fuzzy sets, fuzzy logic,
and fuzzy systems: selected papers by Lotfi A Zadeh. World Scientific,

https://doi.org/10.1080/05331846509432211
https://doi.org/10.3390/su12219294
https://doi.org/10.3390/su12219294
https://doi.org/10.1016/j.iimb.2019.10.012
https://doi.org/10.1016/j.iimb.2019.10.012
https://doi.org/10.1108/20439371111106704
https://doi.org/10.1108/20439371111106704
https://doi.org/10.1007/s40171-021-00277-7
https://doi.org/10.1007/s40171-021-00277-7
https://doi.org/10.1007/s10668-022-02109-9
https://doi.org/10.1016/j.knosys.2010.01.013
https://doi.org/10.1016/j.knosys.2010.01.013
https://doi.org/10.1016/j.sbspro.2014.03.034
https://doi.org/10.1007/978-3-030-71397-3_1
https://doi.org/10.1007/978-3-030-71397-3_1


Singapore, pp 394–432
[Crossref]

Zhang W, Deng Y (2019) Combining conflicting evidence using the DEMATEL
method. Soft Comput 23(17):8207–8216. https://​doi.​org/​10.​1007/​s00500-018-
3455-8
[Crossref]

Zhang Y, Montenegro-Marin CE, Díaz VG (2021) Holistic cognitive conflict
chain management framework in supply chain management. Environ Impact
Assess Rev 88:106564. https://​doi.​org/​10.​1016/​j.​eiar.​2021.​106564
[Crossref]

Zhou Q, Huang W, Zhang Y (2011) Identifying critical success factors in
emergency management using a fuzzy DEMATEL method. Saf Sci 49(2):243–
252. https://​doi.​org/​10.​1016/​j.​ssci.​2010.​08.​005
[Crossref]

Zhu Q, Sarkis J (2004) Relationships between operational practices and
performance among early adopters of green supply chain management
practices in Chinese manufacturing enterprises. J Oper Manag 22(3):265–289.
https://​doi.​org/​10.​1016/​j.​jom.​2004.​01.​005
[Crossref]

https://doi.org/10.1142/9789814261302_0021
https://doi.org/10.1007/s00500-018-3455-8
https://doi.org/10.1007/s00500-018-3455-8
https://doi.org/10.1016/j.eiar.2021.106564
https://doi.org/10.1016/j.eiar.2021.106564
https://doi.org/10.1016/j.ssci.2010.08.005
https://doi.org/10.1016/j.ssci.2010.08.005
https://doi.org/10.1016/j.jom.2004.01.005
https://doi.org/10.1016/j.jom.2004.01.005


(1)
(2)

(3)

(4)

 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
N. U. Ibne Hossain (ed.), Data Analytics for Supply Chain Networks, Greening of Industry Networks Studies 11
https://doi.org/10.1007/978-3-031-29823-3_5

5. Barriers for Sustainable Supply Chain

Management and Their Overcoming Strategies

in Context of the Indian Automobile Industry

Sanjoy Kumar Paul1   , Koppiahraj Karuppiah2, Bathrinath Sankaranarayanan3    and
Syed Mithun Ali4

UTS Business School, University of Technology Sydney, Sydney, NSW, Australia
Department of Mechanical Engineering, Saveetha School of Engineering, SIMATS,
Chennai, Tamil Nadu, India
Department of Mechanical Engineering, Kalasalingam Academy of Research and
Education, Krishnankoil, Tamil Nadu, India
Department of Industrial and Production Engineering, Bangladesh University of
Engineering and Technology, Dhaka, Bangladesh

 
Sanjoy Kumar Paul

Email: Sanjoy.Paul@uts.edu.au

Abstract

Sustaining in the present competitive business arena remains a challenge for global
companies. The success of an organization and the final price of a product largely depend
on the supply chain activities. Eliminating unproductive activities in SCM may bring down
the product cost and improve efficiency. Recently, the integration of sustainability
principles with SCM has gained significance and proven to be effective. However, several
barriers remain as challenges in the integration. This study aims to collect and evaluate
the barriers and strategies that will assist in integrating sustainability principles with
SCM. For this, the study identified 15 barriers and 10 strategies related to sustainable
SCM (SSCM) through literature review and experts’ interview. Then, the fuzzy TOPSIS
technique analyzes the strategies. The barriers and strategies considered in this study are
evaluated using the inputs from the experts who are associated with the Indian
automobile industry. Findings revealed robust supplier relationships, enhanced social
fairness, ensuring economic opportunities, enhanced quality, and customer participation
as the top five strategies that could assist in adopting SSCM practices. It is anticipated
that the study’s findings will equip the industries in SSCM adoption.

Keywords Sustainable supply chain management (SSCM) – Automobile industry – Fuzzy
TOPSIS

5.1 Introduction

To stand in with the current competitive business environment, an organization needs to
deliver the right product in the right quantity in the right place at the right time at a
lower cost. In ensuring the above needs, the supply chain network plays a critical role
(Autry 2021). The efficiency of a supply chain network largely depends on how the
network is designed, i.e., how the manufacturing plants, warehouses, and distribution
centers are connected, which controls 80% of the supply chain cost (Liu et al. 2020). In
general, the cost of a product is determined by the cost involved in product
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transportation. Hence, there exists a direct relationship between the product cost and
transportation cost. When the product movement is improved with effective supply chain
management (SCM) approaches, it is possible to minimize the product cost. So, there is a
substantial need to enhance the efficiency of the SCM. The significance of SCM is
increasing with shortened life of products and globalization. Furthermore, with
globalization and the emergence of new technologies, the supply chain network gets
complicated owing to the interconnectedness among organizations (Li et al. 2020). For
example, the US manufacturing industrial sector spends nearly 30% of the total product
cost on transportation (Jasti and Kurra 2017; Marcucci et al. 2022). Generally, it is
perceived that competition may be no longer between the organizations but between
SCMs.

The manufacturing sector is facing challenges on three major fronts: adoption of the
latest cutting-edge technologies, responding to volatile market demand, and abiding with
the environmental norms (Kumar Singh and Modgil 2020). In combating these challenges,
most industries are incorporating the sustainable concept in industrial activities and are
witnessing improvement in performance and competitiveness. Initially, the Toyota
company first developed the concept of lean strategy in the 1950s and incorporated the
strategy in supply chain activities (Tseng et al. 2022). However, as the sustainability
concept gained more attention, the industries are in a situation in which they need to
incorporate the sustainability concept. As a result, the integration of sustainability
concept in SCM was first introduced by Lamming (1996) to reduce the cost and delivery
time as well as to improve effectiveness. Seuring and Müller (2008) stated sustainable
supply chain management (SSCM) as “a set of activities directly linked by upstream and
downstream flows of products, services, information and funds that work together to
decrease cost and waste by efficiently pulling what is needed to meet the needs of
individual customers.” The main function of the SSCM is to improve the supply chain
activities by considering the social, economic, and environmental aspects. Realizing the
benefits of SSCM, most of the companies started adopting sustainable practices in SCM to
stay ahead in the global competitive market environment (de Oliveira et al. 2022; Bota-
Avram 2022).

With globalization paving the way for the venture of any company into any nation,
worldwide, the automobile companies have restructured their SCM practices. As a result,
the Indian automobile industry is faced with numerous challenges in terms of quality and
delivery time. Realizing the situation, Indian automobile industries have started adopting
SSCM practices. However, the adoption of SSCM demands more change in the
organizational structure. The efficiency of SSCM not solely resides with the top
management but also relies on the employees of the organization. Vanichchinchai (2019)
argued that organizational characteristics, i.e., firm size, export size, and size of the SCM
department, largely influence SSCM practice’s efficiency. According to Moyano-Fuentes
et al. (2019), the main challenge faced by the companies in implementing SSCM is the
integration with key suppliers and customers. Another study by Singh and Kumar (2020)
in analyzing the adoption level of SSCM by the Indian industries indicated that in terms of
quick response and quality management, the Indian industries are lagging behind.
Besides these challenges, the Indian industrial community faces challenges in terms of
having supply chain managers with a modern skillset (Digalwar et al. 2020; Jell-Ojobor
and Raha 2022).

From the above information, it is apparent that the industrial community needs to be
updated with the latest technology either to thrive or to survive in the competitive
business environment. One such technique is incorporating SM in SCM, i.e., SSCM. In
developing countries, there are plenty of indicators for the need for SSCM. For instance,
developing countries are regarded as the manufacturing hub by global countries. Hence,
the industries in developing countries account for a huge proportion of global
manufacturing. The need for SSCM is very critical for the automobile industry as it
comprises multiple stages in the SCM activities, i.e., from procurement to transportation.



Given the importance of SSCM, this study acknowledges the critical gap in the
literature. First, it identifies the barriers that are impediments in the incorporation of
sustainable management in SCM. Second, the study evaluates strategies that could assist
in overcoming the barriers in SSCM.

The main reason for carrying out this proposed study is to understand the significance
of the critical barriers in SSCM adoption in the Indian automobile context as India ranks
sixth in automobile production globally. Also, the automotive industry contributes almost
7% to the total GDP and 7% of the total employment in India. Further, the automobile
industry accounts for approximately 40% of the total foreign investment in India. In light
of the above discussion, this research raises the following questions:

RQ1. What are the barriers hindering SSCM in the Indian automobile sector?
RQ2. What strategies can be used to encounter the barriers to SSCM in the Indian
automobile sector?
The study aims to analyze the barriers and strategies using the proposed multi-criteria

decision-making (MCDM) technique framework model, and the fuzzy Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS) has been used to evaluate the
barriers and prioritize the strategies. The fuzzy TOPSIS method, introduced by Hwang
and Yoon (1981), can assist industrial practitioners and policy-makers in the
implementation of SSCM efficiently. In this study, fuzzy TOPSIS is used as a fuzzy concept
that helps overcome vagueness and inconsistency in data. Many studies have been carried
out using fuzzy TOPSIS like sustainability model selection (Samaie et al. 2020), data
quality assessment challenges (Rafi et al. 2020), material selection for construction works
(Saeli et al. 2020), and supply chain selection (Jellali et al. 2021).

5.2 Literature Review

5.2.1 Sustainability and Supply Chain Management

The sustainability concept is receiving growing interest among the industrial sector owing
to the increased need for safeguarding the environment. However, considering the time
required, in addition to the environmental aspects, the sustainability concept incorporated
social and economic aspects. Adoption of the sustainable practice helps industries to gain
a competitive advantage. Studies by Panwar et al. (2018) and Dave and Sohani (2019)
indicated that incorporating sustainability principles in all industrial activities will
enhance industrial performance. As a result, the sustainable approach has been
incorporated in all industrial activities to the greatest extent possible. In supply chain
management, adopting sustainability enhances supply chain activities with the latest
technologies (Kumar Singh and Modgil 2020). Lamming (1996) was the first to stress the
integration of sustainability concept with supply chain management. Depending on the
operational capability and necessity, the supply chain model may be a single tier or
multitier. Unnecessary activities in the supply chain may affect the efficiency of the
process and also result in a time delay. In overcoming such delays and in improving
supply chain resilience, the adoption of sustainability principles has helped the
organizations witness significant results (Berger et al. 2018). Saudi et al.’s (2019) study
recommended the adoption of SSCM as a solution to improve the performance of
Malaysian electronics industries. A study by Ahmed and Huma (2021) indicated that
market orientation and the need to maintain the quality of the product require SSCM
adoption. Nath and Agrawal (2020) emphasized that adopting SSCM may act as a
antecedent in achieving social sustainability.

5.2.2 Indian Automobile Industry and Sustainable Supply Chain

Management



The automobile industry is a well-established industrial sector in India. After decades of
sterile growth, the industry has taken giant strides since the inception of economic
liberalization in the early 1990s. As the sixth largest automobile-producing country, India
accounts for 2.37% of the total global production. As per the report of the Society of
Indian Automobile Manufacturers (SIAM), 26,362,282 vehicles were produced in March–
April 2020 (SIAM Report 2020). The contribution of the automobile industry to India’s
Gross Domestic Product (GDP) is 7.1% (Mishra et al. 2020; Chowdhury and Chatterjee
2020). Despite these credible achievements, accounting for 0.53% of global auto
production at a rank of 26 among the world’s automobile industries and parts exporting
countries, India’s automobile industries are still fairly low compared to other global
players. This indicates that while the Indian automobile sector is in a healthy position, it
has yet some way to go to before becoming a leader in the market. In this context, India’s
competitive edge can be honed through effective supply chain management. The
automobile industry’s supply chain network is intricate and involves multiple stakeholders
such as raw material suppliers, component producers, assembly partners, distribution
channels, and end customers (Tripathi and Talukder 2020). Such a complex network
needs a robust and efficient management practice that must integrate all these links in a
cost-efficient manner. Here, the incorporation of sustainable practices by the Indian
automobile industries in supply chain management appears as a viable option.

Researchers such as Caiado et al. (2022) acknowledge that integration of sustainability
in SCM activities faces a lot of obstacles. The existing structure of SSCM in the Indian
automobile sector is different from that of the developed countries (Mukherjee et al.
2021). Thus, the entire structure of the SSCM should be redesigned to thrive in the global
competition. Cultural differences and private variations are some of the common problems
faced by the foreign automobile companies investing in India (Loaiza-Ramírez et al. 2022).
According to Puche et al. (2019), stock buffers are mostly used to increase the
effectiveness of the supply chain management. According to Butt (2021), organizations’
top management should concentrate on important issues related to policies, and the
implementation of SSCM also needs some improvement. According to Kazancoglu et al.
(2021), the top management fails to perform according to the standards as the
organization has poor foresight regarding its objective. This is also called unclear
organization goals. As the Indian automobile sector has many barriers to implementing
SSCM, it is important to investigate the barriers to SSCM and strategies for overcoming
them in the Indian automobile sector. The list of barriers and strategies are given in
Tables 5.1 and 5.2.

Table 5.1 Barriers in SSCM in the Indian automobile industry

Name of the barrier Description Source

Lack of commitment from top
management (B1)

Commitment from the top management plays an important role in
the success of SSCM

Expert survey

Poor training and education
(B2)

Most workers engaged in SCM are not adequately trained on
sustainability concept

Dai et al. (2021) +
Expert survey

Employee demotivation (B3) Most companies involved in supply chain management are not
offering rewards to the employees

Mangla et al.
(2022) + Expert
survey

Organizational reluctance
toward change (B4)

Non-willingness of organizations to incorporate sustainability
practice

Seuring et al.
(2022) + Expert
survey

Cultural differences (B5) Absence of integrity among the co-workers reduces the efficiency
of supply chain management

Mangla et al.
(2022) + Expert
survey

Insufficient funds for
implementing new techniques
(B6)

There is a lack of financial resources to implement new techniques
for SSCM

Seuring et al.
(2022) + Expert
survey



Name of the barrier Description Source

Ill-defined organizational
goals (B7)

Most companies are perceived of short-term goals Expert survey

Political instability (B8) Changing political scenario impacts the efficiency of the SSCM Mangla et al.
(2022) + Expert
survey

Lack of knowledge about
SSCM (B9)

Organization is still following traditional SCM and is reluctant to
learn about new techniques

Expert survey

Lack of awareness about the
environmental issue (B10)

There is a lack of awareness for environmental issues due to the
lack of understanding of the importance of the environment

Seuring et al.
(2022) + Expert
survey

Poor coordination in internal
departments (B11)

Fragmentation of the internal departments results in
miscommunication

Expert survey

Lack of vision about
resources and capabilities
(B12)

Being unaware of the sustainability concept, most industrial
sectors are not concerned about the resource protection

Mangla et al.
(2022) + Expert
survey

Lack of employee
involvement (B13)

There is a lack of employee involvement in decision-making and
other activities

Mangla et al.
(2022) + Expert
survey

Poor organizational structure
(B14)

Most of the supply chain organizations are functioning in an
unstructured manner

Expert survey

Reluctant to share
information with suppliers
(B15)

Most of the organizations are feeling insecure about sharing
information with the stakeholders.

Huang et al. (2022)

Table 5.2 List of overcoming strategies

Name of the

strategy

Description Source

Customer
participation (S1)

Customers’ demand for sustainable performance from the organization is
crucial in SSCM

Seuring et al.
(2022) + Expert
survey

Constant
improvement (S2)

Maintaining sustainability in the supply chain activities is a continuous
process, and organizations must be prepared for it

Puche et al. (2019)
+ Expert survey

Proper supplier
integration (S3)

Establish a rapport relationship with the stakeholders involved in the
supply chain network

 

Improved customer
response (S4)

Responding to the customers’ feedback improves the reliability of an
organization

Najar (2022)

Robust supplier
relationship (S5)

Information flow between the stakeholders is very crucial in supply chain
activities

Seuring et al.
(2022) + Expert
survey

Ensure economic
opportunity (S6)

Supply chain activities should be carried out in such a way that it should
provide economic assistance

Tortorella et al.
(2017)

Enhance social
fairness (S7)

Well-established supply chain network ensures complete societal
development

Expert survey

Enhance quality (S8) Incorporation of sustainability increases the quality of the service Seuring et al.
(2022) + Expert
survey

Improve workforce
involvement (S9)

Periodical rewards and incentives may motivate the employees Expert survey

Improve
environmental
performance (S10)

As the society is becoming more environment concerned, the supply chain
organization must consider their environmental performance also

Seuring et al.
(2022)

From earlier literature, it is understood that several earlier works have discussed the
barriers in implementing SSCM. However, very few studies have discussed the strategies
to mitigate the barriers to SSCM. Hence, it is important to identify both barriers and
overcoming strategies and analyze them to determine the priority list of overcoming
barriers. This study fulfills this gap.



5.3 Research Methodology

The research framework followed in the research is given in Fig. 5.1. By following
literature review and experts’ survey, the list of barriers and overcoming strategies are
identified. The literature for review is searched in science databases like ScienceDirect,
Google Scholar, EBSCO, Inderscience, Web of Science, and Taylor & Francis to identify
the barriers and strategies. The following keywords and Boolean operators, problems
faced by Indian automobile industries, problem OR barriers in adoption of SSCM,
difficulties AND impediments in the adoption of SSCM, automobile industry AND SSCM,
strategies OR techniques to overcome barriers in SSCM, and Indian automobile industry
AND supply chain management, are used in literature collection. Initially, a total of 73
articles were collected. Among these 73 articles, 24 articles were rejected for replicating
work, lack of work authenticity, and not being English. From the remaining 49 articles, 8
barriers and 10 strategies were identified. Then, these eight barriers were discussed with
ten experts who have a profound knowledge of the sustainable practices. Initially, 25
experts were approached; however, only 10 of them reverted. The response rate was 40%,
which was satisfactory. Among the ten experts, seven are from industrial backgrounds,
and three are from an academic background. The average work experience of the experts
is 8 years. During the discussion, the experts further suggested seven barriers that need
to be analyzed. Thus, 15 barriers and 10 strategies displayed in Tables 5.1 and 5.2 need to
be analyzed. The barriers and strategies are then analyzed using a fuzzy TOPSIS method
to determine the priority list of strategies. Fuzzy TOPSIS helps in overcoming the
drawback of the TOPSIS method (Chowdhury and Paul 2020). The linguistic scale for the
fuzzy TOPSIS method is presented in Table 5.3. The steps involved in fuzzy TOPSIS are as
follows:

Step 1: Establish a fuzzy decision matrix  for m strategies and n barriers: 
 represents the triangular fuzzy numbers in linguistic terms. The fuzzy

decision matrix  is represented as:

(5.1)

Step 2: Calculate the normalized fuzzy decision matrix :

(5.2)

The normalized  is calculated as:

(5.3)

where
(5.4)

Step 3: Calculate the weighted normalized matrix :
The weighted normalized value

(5.5)

(5.6)

where wi is the weight of the ith criterion and 



Step 4: Calculate the fuzzy positive ideal solution A* and fuzzy negative ideal solution
A−:

(5.7)

(5.8)

where  and  j = 1, 2, …, n.
Step 5: Calculate the distance of each strategy using A* and A−:

(5.9)

(5.10)

where 

Step 6: Calculate the relative closeness to the positive ideal solution:

(5.11)

Step 7: Rank the strategies based on the preference order. The index values  lie
between 0 and 1. The larger the index value, the higher the rank of the strategies.

Fig. 5.1 Framework used in this study

Table 5.3 Linguistic scale of the fuzzy TOPSIS method

Linguistic term Fuzzy number

Very low 1,1,3
Low 1,3,5
Medium 3,5,7
High 5,7,9
Very high 7,7,9

5.3.1 Application of Fuzzy TOPSIS

After finalizing the number of barriers and the strategies to be evaluated, the experts
were requested to rate the barriers and the usefulness of strategies in overcoming the
barriers. A response sheet (Appendix A) containing the barriers and strategies is given to
each expert for getting the expert’s opinion. The response of all the ten experts is given in
Appendix A, Table A.1–A.10. The consolidated response of the experts is given in Appendix



B, Table B.1. The normalized decision matrix is provided in Appendix C, Table C.1. The
weight normalized decision matrix is given in Appendix D, Table D.1. The fuzzy positive
and negative ideal solution is then calculated and given in Appendix E, Table E.1. Now,
the distance of each strategy is calculated using A* and A− as given in Appendix F, Table
F.1 and F.2. Finally, the relative closeness of the strategies is estimated and given in
Table 5.4.

Table 5.4 Results from the fuzzy TOPSIS method and priority ranking of the strategies

Notation Name of the strategy
d

+
i d

−
i

Cci Rank

S1 Customer participation 4.400692 5.140281 0.53876 5
S2 Constant improvement 5.093512 4.662722 0.47792 10
S3 Proper supplier integration 4.580312 5.087455 0.52623 7
S4 Improved customer response 4.543181 5.058389 0.52683 6
S5 Robust supplier relationship 3.412782 6.340047 0.65007 1
S6 Ensure economic opportunity 4.246732 5.523859 0.56536 3
S7 Enhance social fairness 3.682212 6.169301 0.62623 2
S8 Enhance quality 4.285222 5.514549 0.56272 4
S9 Improve workforce involvement 4.875691 4.75122 0.49354 9
S10 Improves environmental performance 4.605972 4.946448 0.51782 8

5.4 Results and Discussion

The strategies that could assist in overcoming the barriers in the implementation of SSCM
are prioritized using fuzzy TOPSIS. For this, the ratings from the experts were used. The
results obtained using fuzzy TOPSIS are provided in Table 5.4. The strategies are ranked
based on the relative closeness index. According to Table 5.4, the strategy, robust
supplier relationship (S5) with relative closeness 0.65007 secures the top rank. From this,
it could be inferred that there is a need for industrial management to rapport a strong
relationship with the stakeholders and multiple links involved in the network. This finding
was endorsed by Mohapatra et al. (2021) in a study, which states that in maintaining a
long-term relationship with the stakeholder and other critical links in the network, the top
management’s role is crucial. To maintain a robust supplier relationship, factors like
mutual trust, open communication, long-time commitment, and ability to integrate
information must be enhanced. Karuppiah et al. (2020) indicated that all the members
involved in the supply chain network must adhere to the waste minimization or
elimination principle. Such consensus in the working principle will drive the supply chain
network in attaining the intended goal. To sustain and prosper in the rapidly changing
market demand, establishing a robust supplier relationship is imperative for an
organization (Sharma and Naude 2021; Huang et al. 2022). However, many organizations
are reluctant to share information with suppliers (B15). Such kinds of barriers question
the trust and understanding between the organization and various stakeholders. Adding
to this, the barrier cultural difference (B5) between various links involved in the supply
chain network remains an impediment in reaching a consensus goal.

Next, the strategy enhancing social equity (S7) could be adopted to adopt SSCM
practices. Since sustainable practices intend to enhance the supply chain activities, there
is a need to incorporate socially responsible practices. Hernandez-Martinez et al. (2020)
stressed the need for social equity between the buyers and suppliers in the long run of
SSCM adoption. In enhancing social equity, industrial organizations must strive to abolish
child labor and ensure fair wage distribution for the workforce. Though sustainable
practices intend to enhance the efficiency of the supply chain activities, it does not
encourage workforce reduction. In most of the situations, the organization forcefully cut
down the workforce as a practice in SSCM. The concept of social equity is restricted with



labor welfare; it further extends to conclusive environmental benefits. In embracing
environmental responsibility, the industrial community must move toward reverse supply
chain management or circular economy. Such a transition may bolster the corporate
social responsibility of the automobile industry. Instead, the industries are not willing to
uplift the social status of the workforce. Barriers’ poor education and training (B2) have
been identified as the major reason for lacking social equity (Bhalaji et al. 2020).

Then, the strategy of ensure economic opportunity (S6) will provide great thrust in the
adoption of SSCM. The adoption of any new strategy or technological upgradation will
possess challenges to the industries. In such a situation, an organization that ensures
economic opportunities will have a better chance of overcoming the new technology’s
initial hurdles. This was endorsed by Alazab et al. (2020) in a study that examined the
ease of integrating blockchain technology in SSCM. The outcome of the study highlighted
that the shift toward new technology needs surplus or sufficient financial assistance.
However, many industries are running without sufficient funds for implementing new
techniques (B6). This barrier results from organizational reluctance toward change (B4)
and lack of commitment from the top management (B1). From this, it could be inferred
that there is a strong relationship between the organization’s commitment and every
industrial progress. Hence, it could be perceived that the financial status of the industries
to a large extent determines the capability of the industry in adopting new strategies and
technologies.

Similarly, the strategy that improves quality (S8) is expected to contribute to SSCM
practices in the automobile industry. Improvement in the quality of the product will
increase customers’ trust and preference for the product. So, to sustain the SSCM
practice, improvisation of product quality is essential. Yadav et al. (2020) highlighted that
the industries need to adopt the strategy of continuous process improvement to sustain in
the competitive business arena. Improvisation of the industrial activity will offer many
advantages for industries like market capturing and venturing into a new market. Single-
minute exchange of die (SMED) has been suggested as a technique for improving product
quality and time reduction (da Cunha et al. 2020). Another strategy that could prove to be
feasible for the adoption of SSCM is customer participation (S1). Here, the strategy
customer participation is prescribed as the customers are the end users and beneficiaries.
To assess the level of impact of SSCM on industrial activities, the survey or feedback-
based response collection from the customer will reveal the exact success of the adopted
strategy (Celuch and Walz 2020). Since the ultimate aim of any organization is to earn the
customer’s trust and learn their preference, it is reasonable to receive the evaluation
status of the industry’s performance from the customer’s perspective. When the industries
become customer-centric, it focuses more on the opportunities and possibilities of
maximizing the market size. Apart from the five discussed strategies, all other strategies
mentioned in the study may have a sufficient impact on industrial performance.

5.5 Implications of the Study

5.5.1 Theoretical Implications

This research work offers some valuable insights into the literature on SSCM from an
emerging economy context. In this study, fuzzy TOPSIS is used to prioritize the strategies
that could help in overcoming the barriers to SSCM practice. It focuses on finding the
best strategy by making a comparison between the barriers and the strategies. This
comparison provides a better understanding of the barriers and also about the strategies.

The outcome of the study highlights that the success of SSCM mainly depends on the
effectiveness of the relationship among the suppliers. It is obvious that only with the
existence of consensus among the suppliers it is possible to meet the intended purpose of
eliminating waste generation (Karuppiah et al. 2020). In a study, Takeda-Berger et al.
(2021) highlighted that the relationship among the suppliers is very critical in the



performance of SSCM practices. Though the outcome of the study stresses the need for
effective relationships among the suppliers, most of the top management of the suppliers
is not concerned about eliminating wastes. This reflects the poor understanding and
unawareness of the sustainable concept by the top management of the suppliers.

Being unaware of the sustainable concept, there is a dire need to enhance the social
equity among the suppliers. By familiarizing the suppliers with the sustainable concept, it
is possible to steer the industrial activity toward eliminating or minimizing waste
generation (Leksic et al. 2020). Hence, it is necessary to impart the knowledge of the
sustainable concept among the Indian industrial sector. Such an initiative will also create
environmental awareness among the industrial sector. When such kind of awareness is
created, the industrial sector may show interest in the sustainable concept.

In this study, the fuzzy TOPSIS technique is used to evaluate the strategies that could
prove to be feasible for SSCM by comparing the barriers. This work is a pioneering
attempt to evaluate the strategies and barriers. This attempt reveals the importance of
each barrier and also the ranks of strategies in overcoming the barriers to SSCM.

5.5.2 Managerial Implications

The outcomes of this study offer some implications for industrial practitioners and policy-
makers.

Firstly, the knowledge of the sustainable concept has not been familiar among the
industrial community. As a result, the industrial practitioners are not aware of the
significance of incorporating the sustainable concept in industrial activities. From the
government side, as an initiative in imparting the knowledge of the sustainable concept
and also to mitigate adverse environmental impact caused by the industries, quality
control of India (QCI) introduced a program called zero defect zero effect (ZED). This
program aims at measuring the quality of the infrastructure available in an industry, the
environmental performance, and certification and ratings. The introduction of the ZED
program has driven the Indian industry’s efforts in minimizing the waste generated and
also in increasing the quality of the products developed (Huang et al. 2020). More kinds
of such programs must be introduced by the government for raising the awareness of
sustainable concept and minimizing waste generation.

Next, the consensus among the various stakeholders involved in the supply chain
network must be attained. Only with a single converged goal it is possible to attain the
success of sustainable supply chain management. For that, various stakeholders involved
in the supply chain network must be imparted with the knowledge of the sustainable
concept. Likewise, the stakeholders must think about the importance of conserving nature
and also enhancing the quality of the production.

Finally, the study calls for more programs on imparting the knowledge of the
sustainable concept among the industrial practitioners and also among the policy-makers.
Besides this, the various stakeholders involved in the network must be integrated and
must work with a single intention of eliminating the wastes.

5.6 Conclusions

In answering the research questions mentioned in the introduction section, the
researchers initially conducted an exhaustive literature review to access the principle of
sustainable practice and its level of incorporation in SCM activities. The barriers and the
strategies that could enable the adoption of SSCM were identified and scrutinized by
keeping the Indian automobile industries in mind. The expert panel, comprising seven
from the industrial background and three from the academic background, was formed,
and the experts’ inputs were obtained using the fuzzy TOPSIS approach. The fuzzy
TOPSIS approach helped evaluate the strategies by making a pairwise comparison
between the strategies and the identified barriers in SSCM practice. Such a comparison
provides clarity in the ability of each strategy in handling each barrier.



The study’s findings revealed robust supplier relationships, enhancing social equity,
ensuring economic opportunity, improving quality, and customer participation are the top
five strategies that could assist in overcoming the barriers faced by the automobile
industry while incorporating SSCM practices. This ensures that the relationship between
the organization and other links in the supply chain network is critical for seamless and
efficient SSCM practice. In maintaining a relationship with the stakeholders, the role of
top-level management is inevitable. Also, the involvement and commitment from each of
the SSCM network members are important.

This study contributes immensely to the literature on sustainable management
practices. One of the highlights of the chapter is that this study evaluates the
effectiveness and capability of each strategy that is being followed in SSCM practices.
Through this, the study ranks the strategies in the order of preference. Although the
present study has some valuable contribution, it is confined to the automobile industry.
So, when applying the findings of the study to other industries, caution must be practiced.
Further, the study recommends multiple case studies as the study was carried out by
considering only one automobile industry. Then, in this study, the strategies are
prioritized using fuzzy TOPSIS. As a future study, a hybrid method of combining the best-
worst method (BWM) or stepwise weight assessment ratio analysis (SWARA) with TOPSIS
could be carried out as this combination estimates the weight importance of the barriers.

Appendixes

Appendix A: Data from Ten Experts for Fuzzy TOPSIS

Sample response sheet

  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1                                                                                          

S2                                                                                          

S3                                                                                          

S4                                                                                          

S5                                                                                          

S6                                                                                          

S7                                                                                          

S8                                                                                          

S9                                                                                          

S10                                                                                          

Table A.1 Response from expert 1

  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1 5 7 9 5 7 9 1 1 3 5 7 9 1 3 5 7 7 9 1 1 3 3 5 7 7 7 9 1 1 3 1 1 3 1 1 3 5 7 9 7 7 9 3 5 7
S2 1 3 5 1 1 3 1 1 3 7 7 9 5 7 9 3 5 7 7 7 9 1 3 5 1 3 5 7 7 9 5 7 9 7 7 9 5 7 9 1 1 3 7 7 9
S3 3 5 7 3 5 7 5 7 9 3 5 7 1 1 3 3 5 7 1 1 3 5 7 9 3 5 7 1 3 5 3 5 7 7 7 9 1 1 3 1 1 3 5 7 9
S4 1 1 3 3 5 7 1 1 3 3 5 7 1 1 3 3 5 7 1 1 3 1 1 3 1 3 5 3 5 7 1 1 3 1 1 3 3 5 7 3 5 7 1 1 3
S5 5 7 9 1 1 3 3 5 7 7 7 9 7 7 9 1 3 5 7 7 9 5 7 9 1 3 5 7 7 9 5 7 9 5 7 9 1 3 5 1 1 3 3 5 7
S6 7 7 9 1 3 5 1 3 5 5 7 9 5 7 9 1 1 3 1 1 3 7 7 9 3 5 7 1 3 5 5 7 9 7 7 9 1 3 5 3 5 7 3 5 7
S7 3 5 7 1 1 3 7 7 9 1 3 5 1 3 5 1 3 5 5 7 9 1 1 3 3 5 7 1 3 5 3 5 7 7 7 9 3 5 7 5 7 9 3 5 7
S8 1 3 5 3 5 7 5 7 9 3 5 7 1 1 3 1 3 5 1 3 5 5 7 9 3 5 7 1 1 3 7 7 9 1 1 3 1 1 3 5 7 9 5 7 9
S9 1 1 3 3 5 7 5 7 9 5 7 9 1 1 3 1 3 5 1 1 3 1 3 5 3 5 7 1 3 5 1 1 3 1 1 3 1 1 3 3 5 7 1 1 3
S10 1 1 3 5 7 9 7 7 9 7 7 9 7 7 9 1 1 3 1 1 3 7 7 9 5 7 9 1 1 3 1 3 5 7 7 9 5 7 9 7 7 9 5 7 9

Table A.2 Response from expert 2



  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1 1 3 5 1 1 3 1 3 5 1 1 3 1 3 5 5 7 9 3 5 7 5 7 9 7 7 9 7 7 9 3 5 7 1 3 5 1 3 5 7 7 9 3 5 7
S2 3 5 7 5 7 9 5 7 9 1 3 5 1 3 5 1 1 3 5 7 9 3 5 7 1 3 5 1 1 3 5 7 9 5 7 9 7 7 9 1 1 3 3 5 7
S3 5 7 9 3 5 7 1 3 5 3 5 7 3 5 7 3 5 7 3 5 7 7 7 9 3 5 7 3 5 7 7 7 9 7 7 9 1 1 3 1 1 3 1 3 5
S4 3 5 7 3 5 7 5 7 9 1 3 5 5 7 9 1 1 3 1 3 5 1 3 5 1 1 3 7 7 9 1 1 3 7 7 9 1 3 5 3 5 7 5 7 9
S5 3 5 7 7 7 9 5 7 9 3 5 7 1 3 5 3 5 7 7 7 9 1 3 5 5 7 9 5 7 9 7 7 9 7 7 9 5 7 9 3 5 7 7 7 9
S6 3 5 7 3 5 7 1 1 3 1 3 5 3 5 7 7 7 9 1 3 5 3 5 7 1 3 5 1 1 3 1 3 5 5 7 9 1 1 3 3 5 7 1 1 3
S7 7 7 9 1 1 3 7 7 9 1 1 3 1 3 5 1 1 3 5 7 9 7 7 9 1 1 3 1 1 3 5 7 9 5 7 9 3 5 7 7 7 9 7 7 9
S8 1 1 3 5 7 9 3 5 7 1 3 5 1 1 3 1 3 5 1 1 3 5 7 9 1 3 5 3 5 7 1 1 3 3 5 7 1 1 3 5 7 9 1 1 3
S9 3 5 7 5 7 9 3 5 7 1 3 5 1 3 5 3 5 7 1 3 5 1 3 5 3 5 7 1 3 5 3 5 7 3 5 7 5 7 9 1 3 5 3 5 7
S10 7 7 9 1 3 5 1 3 5 5 7 9 7 7 9 7 7 9 3 5 7 3 5 7 1 1 3 7 7 9 1 1 3 5 7 9 1 3 5 3 5 7 7 7 9

Table A.3 Response from expert 3

  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1 1 1 3 1 1 3 5 7 9 3 5 7 3 5 7 1 3 5 1 3 5 1 1 3 7 7 9 3 5 7 3 5 7 5 7 9 5 7 9 3 5 7 5 7 9
S2 7 7 9 5 7 9 7 7 9 1 1 3 1 3 5 7 7 9 1 1 3 7 7 9 1 3 5 3 5 7 1 1 3 1 3 5 1 3 5 3 5 7 1 3 5
S3 5 7 9 1 3 5 1 3 5 3 5 7 7 7 9 5 7 9 7 7 9 5 7 9 5 7 9 1 3 5 1 3 5 7 7 9 1 3 5 7 7 9 1 3 5
S4 3 5 7 1 1 3 3 5 7 7 7 9 1 3 5 5 7 9 7 7 9 5 7 9 3 5 7 1 1 3 5 7 9 1 1 3 5 7 9 3 5 7 5 7 9
S5 7 7 9 1 1 3 1 3 5 7 7 9 5 7 9 1 3 5 7 7 9 3 5 7 1 1 3 1 3 5 1 3 5 1 3 5 1 1 3 3 5 7 1 3 5
S6 3 5 7 3 5 7 1 1 3 1 1 3 1 1 3 3 5 7 7 7 9 1 3 5 5 7 9 3 5 7 1 1 3 5 7 9 3 5 7 5 7 9 1 1 3
S7 5 7 9 1 3 5 5 7 9 1 1 3 5 7 9 3 5 7 5 7 9 7 7 9 1 3 5 7 7 9 1 3 5 1 3 5 5 7 9 1 1 3 7 7 9
S8 3 5 7 5 7 9 3 5 7 7 7 9 3 5 7 5 7 9 3 5 7 7 7 9 1 1 3 7 7 9 7 7 9 7 7 9 7 7 9 5 7 9 7 7 9
S9 1 3 5 7 7 9 1 1 3 7 7 9 1 1 3 1 3 5 7 7 9 1 3 5 1 1 3 3 5 7 3 5 7 7 7 9 1 1 3 3 5 7 1 1 3
S10 1 3 5 1 1 3 3 5 7 5 7 9 5 7 9 5 7 9 5 7 9 7 7 9 5 7 9 5 7 9 5 7 9 5 7 9 1 3 5 5 7 9 1 3 5

Table A.4 Response from expert 4

  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1 1 3 5 1 1 3 5 7 9 7 7 9 3 5 7 3 5 7 5 7 9 7 7 9 5 7 9 3 5 7 1 3 5 1 3 5 1 3 5 3 5 7 7 7 9
S2 3 5 7 1 1 3 1 3 5 1 1 3 1 3 5 1 1 3 5 7 9 1 3 5 1 3 5 1 1 3 1 1 3 7 7 9 1 1 3 1 3 5 3 5 7
S3 7 7 9 1 3 5 1 1 3 7 7 9 7 7 9 5 7 9 3 5 7 5 7 9 1 3 5 1 3 5 5 7 9 7 7 9 3 5 7 5 7 9 5 7 9
S4 1 1 3 7 7 9 7 7 9 1 1 3 1 1 3 5 7 9 5 7 9 7 7 9 1 3 5 5 7 9 3 5 7 1 1 3 1 1 3 1 3 5 1 1 3
S5 5 7 9 5 7 9 1 3 5 3 5 7 1 3 5 7 7 9 1 1 3 3 5 7 3 5 7 3 5 7 1 3 5 1 1 3 1 1 3 1 1 3 5 7 9
S6 7 7 9 7 7 9 1 1 3 3 5 7 1 1 3 5 7 9 7 7 9 3 5 7 1 1 3 7 7 9 5 7 9 1 1 3 3 5 7 3 5 7 5 7 9
S7 7 7 9 7 7 9 1 3 5 1 3 5 1 3 5 7 7 9 5 7 9 7 7 9 1 1 3 7 7 9 1 3 5 1 3 5 1 1 3 3 5 7 5 7 9
S8 7 7 9 1 1 3 3 5 7 1 3 5 1 3 5 5 7 9 7 7 9 1 3 5 1 1 3 5 7 9 1 3 5 1 1 3 5 7 9 1 3 5 5 7 9
S9 5 7 9 1 3 5 1 3 5 7 7 9 5 7 9 5 7 9 1 1 3 1 1 3 1 1 3 3 5 7 1 3 5 5 7 9 1 3 5 7 7 9 3 5 7
S10 1 1 3 1 1 3 3 5 7 5 7 9 1 3 5 3 5 7 1 1 3 1 3 5 7 7 9 3 5 7 1 3 5 1 1 3 7 7 9 7 7 9 1 1 3

Table A.5 Response from expert 5

  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1 1 1 3 1 3 5 5 7 9 7 7 9 5 7 9 7 7 9 1 1 3 7 7 9 7 7 9 5 7 9 1 1 3 3 5 7 3 5 7 3 5 7 5 7 9
S2 1 3 5 5 7 9 3 5 7 1 3 5 1 1 3 1 3 5 1 3 5 1 1 3 1 3 5 1 3 5 3 5 7 5 7 9 1 1 3 5 7 9 5 7 9
S3 5 7 9 1 1 3 3 5 7 3 5 7 5 7 9 1 1 3 3 5 7 1 1 3 1 3 5 7 7 9 1 1 3 1 1 3 1 3 5 5 7 9 7 7 9
S4 5 7 9 5 7 9 1 1 3 1 1 3 3 5 7 5 7 9 1 1 3 1 3 5 7 7 9 3 5 7 1 3 5 7 7 9 1 3 5 1 1 3 1 3 5
S5 1 1 3 5 7 9 1 3 5 7 7 9 1 1 3 5 7 9 5 7 9 5 7 9 7 7 9 1 3 5 3 5 7 7 7 9 1 1 3 1 3 5 1 1 3
S6 7 7 9 5 7 9 1 3 5 3 5 7 5 7 9 1 3 5 7 7 9 7 7 9 5 7 9 1 3 5 5 7 9 5 7 9 7 7 9 5 7 9 7 7 9
S7 1 3 5 7 7 9 1 1 3 7 7 9 3 5 7 5 7 9 7 7 9 1 3 5 7 7 9 5 7 9 7 7 9 3 5 7 7 7 9 3 5 7 3 5 7
S8 1 3 5 3 5 7 3 5 7 5 7 9 1 1 3 3 5 7 3 5 7 1 1 3 5 7 9 7 7 9 5 7 9 1 1 3 1 1 3 5 7 9 1 3 5



  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S9 5 7 9 1 1 3 7 7 9 7 7 9 5 7 9 5 7 9 3 5 7 3 5 7 1 3 5 1 3 5 7 7 9 5 7 9 5 7 9 7 7 9 1 3 5
S10 1 3 5 7 7 9 7 7 9 1 1 3 1 1 3 5 7 9 1 1 3 3 5 7 5 7 9 1 3 5 1 3 5 1 3 5 1 1 3 5 7 9 5 7 9

Table A.6 Response from expert 6

  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1 5 7 9 3 5 7 5 7 9 5 7 9 7 7 9 5 7 9 5 7 9 1 1 3 1 1 3 5 7 9 5 7 9 3 5 7 3 5 7 7 7 9 5 7 9
S2 1 3 5 1 1 3 1 1 3 7 7 9 1 1 3 7 7 9 7 7 9 5 7 9 5 7 9 5 7 9 3 5 7 5 7 9 3 5 7 1 1 3 5 7 9
S3 3 5 7 1 1 3 3 5 7 7 7 9 1 3 5 1 1 3 1 1 3 3 5 7 7 7 9 1 3 5 1 3 5 5 7 9 3 5 7 1 3 5 7 7 9
S4 5 7 9 1 3 5 1 3 5 1 3 5 5 7 9 1 3 5 1 1 3 1 3 5 3 5 7 1 1 3 1 3 5 7 7 9 3 5 7 1 3 5 1 3 5
S5 7 7 9 7 7 9 3 5 7 3 5 7 7 7 9 1 1 3 3 5 7 7 7 9 7 7 9 7 7 9 3 5 7 7 7 9 1 1 3 1 3 5 7 7 9
S6 1 1 3 7 7 9 5 7 9 1 3 5 1 3 5 5 7 9 7 7 9 1 1 3 1 1 3 1 3 5 3 5 7 1 1 3 5 7 9 7 7 9 3 5 7
S7 3 5 7 1 1 3 3 5 7 7 7 9 7 7 9 7 7 9 3 5 7 1 3 5 3 5 7 1 1 3 1 3 5 7 7 9 3 5 7 3 5 7 3 5 7
S8 5 7 9 1 1 3 5 7 9 7 7 9 1 3 5 5 7 9 7 7 9 5 7 9 1 3 5 5 7 9 7 7 9 7 7 9 5 7 9 7 7 9 1 3 5
S9 3 5 7 7 7 9 7 7 9 1 3 5 5 7 9 5 7 9 1 1 3 3 5 7 1 3 5 3 5 7 5 7 9 1 3 5 1 1 3 1 3 5 1 1 3
S10 1 3 5 7 7 9 1 1 3 1 1 3 5 7 9 5 7 9 3 5 7 5 7 9 3 5 7 1 1 3 5 7 9 5 7 9 3 5 7 1 1 3 1 1 3

Table A.7 Response from expert 7

  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1 1 1 3 7 7 9 1 1 3 7 7 9 5 7 9 7 7 9 1 1 3 3 5 7 3 5 7 1 3 5 1 3 5 7 7 9 5 7 9 7 7 9 1 1 3
S2 5 7 9 1 1 3 1 1 3 3 5 7 5 7 9 3 5 7 1 1 3 1 1 3 7 7 9 7 7 9 1 1 3 5 7 9 5 7 9 7 7 9 1 3 5
S3 5 7 9 5 7 9 1 3 5 1 3 5 3 5 7 5 7 9 1 3 5 5 7 9 5 7 9 1 1 3 1 1 3 5 7 9 7 7 9 3 5 7 1 1 3
S4 1 1 3 3 5 7 7 7 9 7 7 9 5 7 9 1 3 5 5 7 9 5 7 9 7 7 9 5 7 9 1 3 5 7 7 9 3 5 7 3 5 7 5 7 9
S5 1 3 5 7 7 9 5 7 9 7 7 9 5 7 9 7 7 9 1 1 3 1 3 5 3 5 7 5 7 9 5 7 9 7 7 9 3 5 7 5 7 9 5 7 9
S6 1 3 5 7 7 9 7 7 9 1 3 5 5 7 9 7 7 9 1 1 3 5 7 9 1 3 5 1 1 3 1 1 3 1 3 5 7 7 9 5 7 9 1 1 3
S7 5 7 9 5 7 9 3 5 7 3 5 7 5 7 9 3 5 7 1 1 3 5 7 9 3 5 7 3 5 7 1 3 5 1 3 5 1 3 5 7 7 9 1 3 5
S8 3 5 7 1 1 3 1 3 5 7 7 9 3 5 7 1 1 3 5 7 9 1 1 3 1 1 3 1 3 5 3 5 7 3 5 7 5 7 9 7 7 9 3 5 7
S9 1 3 5 5 7 9 1 3 5 1 3 5 3 5 7 5 7 9 7 7 9 3 5 7 1 1 3 1 1 3 7 7 9 1 1 3 1 1 3 5 7 9 3 5 7

S10 5 7 9 7 7 9 1 1 3 1 1 3 5 7 9 5 7 9 1 3 5 1 1 3 1 1 3 1 3 5 1 3 5 1 1 3 5 7 9 3 5 7 3 5 7

Table A.8 Response from expert 8

  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1 1 1 3 3 5 7 1 1 3 1 1 3 7 7 9 5 7 9 1 1 3 1 3 5 7 7 9 1 3 5 3 5 7 5 7 9 1 3 5 5 7 9 3 5 7
S2 7 7 9 5 7 9 5 7 9 1 3 5 5 7 9 7 7 9 7 7 9 7 7 9 7 7 9 7 7 9 1 1 3 1 3 5 3 5 7 5 7 9 7 7 9
S3 1 3 5 1 3 5 1 3 5 1 3 5 7 7 9 7 7 9 5 7 9 3 5 7 3 5 7 1 1 3 3 5 7 1 1 3 5 7 9 7 7 9 1 1 3
S4 1 1 3 3 5 7 5 7 9 3 5 7 3 5 7 7 7 9 7 7 9 3 5 7 5 7 9 5 7 9 3 5 7 5 7 9 1 3 5 1 1 3 1 1 3
S5 5 7 9 5 7 9 5 7 9 5 7 9 5 7 9 1 1 3 1 1 3 3 5 7 3 5 7 5 7 9 1 3 5 1 3 5 1 3 5 5 7 9 1 3 5
S6 7 7 9 1 1 3 5 7 9 3 5 7 1 3 5 1 1 3 5 7 9 1 3 5 1 3 5 1 3 5 1 3 5 1 1 3 3 5 7 1 3 5 1 1 3
S7 3 5 7 7 7 9 1 3 5 1 1 3 3 5 7 1 3 5 7 7 9 3 5 7 3 5 7 7 7 9 7 7 9 5 7 9 1 1 3 1 1 3 3 5 7
S8 7 7 9 5 7 9 5 7 9 5 7 9 5 7 9 3 5 7 7 7 9 1 3 5 5 7 9 3 5 7 1 1 3 3 5 7 1 3 5 1 3 5 3 5 7
S9 3 5 7 5 7 9 1 1 3 5 7 9 1 1 3 3 5 7 5 7 9 1 3 5 3 5 7 3 5 7 5 7 9 7 7 9 1 3 5 3 5 7 5 7 9

S10 1 3 5 1 1 3 5 7 9 3 5 7 5 7 9 7 7 9 1 3 5 1 1 3 1 1 3 7 7 9 5 7 9 1 1 3 7 7 9 1 3 5 5 7 9

Table A.9 Response from expert 9

  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1 7 7 9 7 7 9 1 3 5 3 5 7 5 7 9 1 3 5 1 1 3 7 7 9 1 1 3 5 7 9 1 1 3 1 1 3 5 7 9 1 1 3 3 5 7
S2 3 5 7 7 7 9 1 3 5 5 7 9 1 1 3 7 7 9 7 7 9 5 7 9 1 1 3 3 5 7 1 1 3 1 3 5 7 7 9 5 7 9 1 3 5
S3 1 3 5 1 1 3 3 5 7 1 3 5 3 5 7 5 7 9 3 5 7 1 3 5 1 3 5 3 5 7 1 3 5 1 3 5 1 1 3 1 1 3 1 1 3



  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S4 5 7 9 1 3 5 5 7 9 5 7 9 7 7 9 5 7 9 3 5 7 5 7 9 1 1 3 3 5 7 1 3 5 5 7 9 1 3 5 1 3 5 1 1 3
S5 1 3 5 1 1 3 1 3 5 1 1 3 1 1 3 5 7 9 7 7 9 1 3 5 1 1 3 1 3 5 1 3 5 1 3 5 7 7 9 1 1 3 3 5 7
S6 1 1 3 3 5 7 5 7 9 5 7 9 3 5 7 1 3 5 3 5 7 7 7 9 3 5 7 1 1 3 1 3 5 3 5 7 1 1 3 5 7 9 3 5 7
S7 5 7 9 3 5 7 3 5 7 7 7 9 5 7 9 7 7 9 1 1 3 1 3 5 1 3 5 1 3 5 7 7 9 7 7 9 7 7 9 3 5 7 7 7 9
S8 1 3 5 5 7 9 1 1 3 1 3 5 5 7 9 1 1 3 3 5 7 1 1 3 1 3 5 7 7 9 1 3 5 1 3 5 5 7 9 5 7 9 3 5 7
S9 1 1 3 3 5 7 5 7 9 7 7 9 7 7 9 1 3 5 3 5 7 7 7 9 1 3 5 1 3 5 3 5 7 5 7 9 1 3 5 1 3 5 1 3 5

S10 7 7 9 1 3 5 5 7 9 1 1 3 1 1 3 5 7 9 7 7 9 1 3 5 5 7 9 7 7 9 3 5 7 1 3 5 5 7 9 7 7 9 1 1 3

Table A.10: Response from expert 10

  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

S1 1 3 5 3 5 7 3 5 7 3 5 7 7 7 9 1 3 5 3 5 7 1 1 3 3 5 7 1 1 3 3 5 7 1 3 5 1 3 5 1 3 5 3 5 7
S2 5 7 9 1 1 3 5 7 9 1 1 3 1 1 3 7 7 9 7 7 9 3 5 7 5 7 9 1 1 3 1 3 5 5 7 9 7 7 9 1 3 5 5 7 9
S3 1 3 5 1 3 5 5 7 9 1 3 5 1 3 5 3 5 7 1 1 3 1 3 5 1 1 3 3 5 7 3 5 7 3 5 7 5 7 9 1 3 5 5 7 9
S4 5 7 9 3 5 7 7 7 9 7 7 9 1 1 3 7 7 9 1 1 3 3 5 7 7 7 9 7 7 9 5 7 9 1 1 3 1 3 5 1 3 5 5 7 9
S5 1 1 3 1 1 3 3 5 7 5 7 9 1 1 3 7 7 9 7 7 9 1 3 5 1 3 5 1 1 3 1 3 5 5 7 9 5 7 9 1 1 3 1 1 3
S6 1 3 5 5 7 9 5 7 9 7 7 9 5 7 9 5 7 9 7 7 9 7 7 9 1 3 5 1 1 3 7 7 9 1 3 5 7 7 9 1 3 5 7 7 9
S7 5 7 9 7 7 9 1 1 3 5 7 9 1 3 5 1 3 5 1 1 3 1 3 5 3 5 7 1 3 5 1 3 5 1 1 3 1 3 5 5 7 9 7 7 9
S8 5 7 9 5 7 9 7 7 9 5 7 9 1 1 3 1 3 5 1 3 5 5 7 9 3 5 7 5 7 9 1 3 5 1 3 5 1 1 3 7 7 9 5 7 9
S9 1 3 5 5 7 9 3 5 7 3 5 7 1 1 3 7 7 9 1 3 5 3 5 7 3 5 7 7 7 9 7 7 9 3 5 7 5 7 9 5 7 9 1 1 3

S10 7 7 9 1 1 3 1 1 3 5 7 9 3 5 7 1 1 3 3 5 7 1 3 5 5 7 9 3 5 7 5 7 9 3 5 7 1 3 5 1 3 5 1 3 5

Appendix B

Table B.1 Consolidated response of the ten experts

Combined B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12

S1 1 3.4 9 1 4.2 9 1 4.2 9 1 5.2 9 1 5.8 9 1 5.6 9 1 3.2 9 1 4.4 9 1 5.4 9 1 4.6 9 1 3.6 9 1 4.2
S2 1 5.2 9 1 4 9 1 4.2 9 1 3.8 9 1 3.4 9 1 5 9 1 5.4 9 1 4.6 9 1 4.4 9 1 4.4 9 1 3.2 9 1 5.8
S3 1 5.4 9 1 3.2 9 1 4.2 9 1 4.6 9 1 5 9 1 5.2 9 1 4 9 1 5.2 9 1 4.6 9 1 3.6 9 1 4 9 1 5.2
S4 1 4.2 9 1 4.6 9 1 5.2 9 1 4.6 9 1 4.4 9 1 5.4 9 1 4 9 1 4.8 9 1 4.6 9 1 5.2 9 1 3.8 9 1 4.6
S5 1 4.8 9 1 4.6 9 1 4.8 9 1 5.8 9 1 4.4 9 1 4.8 9 1 5 9 1 4.8 9 1 4.4 9 1 5 9 1 4.6 9 1 5.2
S6 1 4.6 9 1 5.4 9 1 4.4 9 1 4.6 9 1 4.6 9 1 4.8 9 1 5.2 9 1 5.2 9 1 3.8 9 1 2.8 9 1 4.4 9 1 4.2
S7 1 6 9 1 4.6 9 1 4.4 9 1 4.2 9 1 5 9 1 4.8 9 1 5 9 1 4.6 9 1 4 9 1 4.4 9 1 4.8 9 1 5
S8 1 4.8 9 1 4.8 9 1 5.2 9 1 5.6 9 1 3.4 9 1 4.2 9 1 5 9 1 4.4 9 1 3.6 9 1 5.6 9 1 4.4 9 1 3.8
S9 1 4 9 1 5.6 9 1 4.6 9 1 5.6 9 1 4 9 1 5.4 9 1 4 9 1 4 9 1 3.2 7 1 4 9 1 5.4 9 1 5

S10 1 4.2 9 1 3.8 9 1 4.4 9 1 4.4 9 1 5.2 9 1 5.6 9 1 3.8 9 1 4.2 9 1 5 9 1 4.6 9 1 4.6 9 1 4.2

Appendix C

Table C.1 Normalized decision matrix

  7 7 9 7 7 9 7 7 9 5

Combined B1 B2 B3 B

S1 0.111111111 0.377777778 1 0.111111111 0.466666667 1 0.111111111 0.466666667 1 0.111111111
S2 0.111111111 0.577777778 1 0.111111111 0.444444444 1 0.111111111 0.466666667 1 0.111111111
S3 0.111111111 0.6 1 0.111111111 0.355555556 1 0.111111111 0.466666667 1 0.111111111
S4 0.111111111 0.466666667 1 0.111111111 0.511111111 1 0.111111111 0.577777778 1 0.111111111
S5 0.111111111 0.533333333 1 0.111111111 0.511111111 1 0.111111111 0.533333333 1 0.111111111
S6 0.111111111 0.511111111 1 0.111111111 0.6 1 0.111111111 0.488888889 1 0.111111111



  7 7 9 7 7 9 7 7 9 5

Combined B1 B2 B3 B

S7 0.111111111 0.666666667 1 0.111111111 0.511111111 1 0.111111111 0.488888889 1 0.111111111
S8 0.111111111 0.533333333 1 0.111111111 0.533333333 1 0.111111111 0.577777778 1 0.111111111
S9 0.111111111 0.444444444 1 0.111111111 0.622222222 1 0.111111111 0.511111111 1 0.111111111

S10 0.111111111 0.466666667 1 0.111111111 0.422222222 1 0.111111111 0.488888889 1 0.111111111
  3 5 7 1 3 5 1 3 5

Combined B9 B10 B11

S1 0.111111111 0.6 1 0.111111111 0.511111111 1 0.111111111 0.4 1 0.1
S2 0.111111111 0.488888889 1 0.111111111 0.488888889 1 0.111111111 0.355555556 1 0.1
S3 0.111111111 0.511111111 1 0.111111111 0.4 1 0.111111111 0.444444444 1 0.1
S4 0.111111111 0.511111111 1 0.111111111 0.577777778 1 0.111111111 0.422222222 1 0.1
S5 0.111111111 0.488888889 1 0.111111111 0.555555556 1 0.111111111 0.511111111 1 0.1
S6 0.111111111 0.422222222 1 0.111111111 0.311111111 1 0.111111111 0.488888889 1 0.1
S7 0.111111111 0.444444444 1 0.111111111 0.488888889 1 0.111111111 0.533333333 1 0.1
S8 0.111111111 0.4 1 0.111111111 0.622222222 1 0.111111111 0.488888889 1 0.1
S9 0.111111111 0.355555556 0.777777778 0.111111111 0.444444444 1 0.111111111 0.6 1 0.1

S10 0.111111111 0.555555556 1 0.111111111 0.511111111 1 0.111111111 0.511111111 1 0.1

Appendix D

Table D.1 Weight normalized decision matrix

Combined B1 B2 B3 B

S1 0.7 2.6 9 0.7 3.2 9 0.7 3.2 9 0.5
S2 0.7 4.044444444 9 0.777777778 3.111111111 9 0.777777778 3.266666667 9 0.555555556 2
S3 0.777777778 4.2 9 0.777777778 2.488888889 9 0.777777778 3.266666667 9 0.555555556 3
S4 0.777777778 3.266666667 9 0.777777778 3.577777778 9 0.777777778 4.044444444 9 0.555555556 3
S5 0.777777778 3.733333333 9 0.777777778 3.577777778 9 0.777777778 3.733333333 9 0.555555556 4
S6 0.777777778 3.577777778 9 0.777777778 4.2 9 0.777777778 3.422222222 9 0.555555556 3
S7 0.777777778 4.666666667 9 0.777777778 3.577777778 9 0.777777778 3.422222222 9 0.555555556 3
S8 0.777777778 3.733333333 9 0.777777778 3.733333333 9 0.777777778 4.044444444 9 0.555555556 4
S9 0.777777778 3.111111111 9 0.777777778 4.355555556 9 0.777777778 3.577777778 9 0.555555556 4

S10 0.777777778 3.266666667 9 0.777777778 2.955555556 9 0.777777778 3.422222222 9 0.555555556 3

Combined B9 B10 B11

S1 0.3 3 7 0.1 1.5 5 0.1 1.2 5
S2 0.333333333 2.444444444 7 0.111111111 1.466666667 5 0.111111111 1.066666667 5 0.1
S3 0.333333333 2.555555556 7 0.111111111 1.2 5 0.111111111 1.333333333 5 0.1
S4 0.333333333 2.555555556 7 0.111111111 1.733333333 5 0.111111111 1.266666667 5 0.1
S5 0.333333333 2.444444444 7 0.111111111 1.666666667 5 0.111111111 1.533333333 5 0.1
S6 0.333333333 2.111111111 7 0.111111111 0.933333333 5 0.111111111 1.466666667 5 0.1
S7 0.333333333 2.222222222 7 0.111111111 1.466666667 5 0.111111111 1.6 5 0.1
S8 0.333333333 2 7 0.111111111 1.866666667 5 0.111111111 1.466666667 5 0.1
S9 0.333333333 1.777777778 5.444444444 0.111111111 1.333333333 5 0.111111111 1.8 5 0.1

S10 0.333333333 2.777777778 7 0.111111111 1.533333333 5 0.111111111 1.533333333 5 0.1

Appendix E

Table E.1 Fuzzy positive ideal and fuzzy negative solution



Combined B1 B2 B3 BCombined B1 B2 B3 B

S1 0.777777778 2.644444444 9 0.777777778 3.266666667 9 0.777777778 3.266666667 9 0.555555556 4
S2 0.777777778 4.044444444 9 0.777777778 3.111111111 9 0.777777778 3.266666667 9 0.555555556 2
S3 0.777777778 4.2 9 0.777777778 2.488888889 9 0.777777778 3.266666667 9 0.555555556 3
S4 0.777777778 3.266666667 9 0.777777778 3.577777778 9 0.777777778 4.044444444 9 0.555555556 3
S5 0.777777778 3.733333333 9 0.777777778 3.577777778 9 0.777777778 3.733333333 9 0.555555556 4
S6 0.777777778 3.577777778 9 0.777777778 4.2 9 0.777777778 3.422222222 9 0.555555556 3
S7 0.777777778 4.666666667 9 0.777777778 3.577777778 9 0.777777778 3.422222222 9 0.555555556 3
S8 0.777777778 3.733333333 9 0.777777778 3.733333333 9 0.777777778 4.044444444 9 0.555555556 4
S9 0.777777778 3.111111111 9 0.777777778 4.355555556 9 0.777777778 3.577777778 9 0.555555556 4

S10 0.777777778 3.266666667 9 0.777777778 2.955555556 9 0.777777778 3.422222222 9 0.555555556 3
A* 0.7 4.6 9 0.78 4.3 9 0.7 4.0 9 0.5
A− 0.7 2.6 9 0.7 2.4 9 0.7 3.2 9 0.5

Combined B9 B10 B11

S1 0.333333333 3 7 0.111111111 1.533333333 5 0.111111111 1.2 5 0.1
S2 0.333333333 2.444444444 7 0.111111111 1.466666667 5 0.111111111 1.066666667 5 0.1
S3 0.333333333 2.555555556 7 0.111111111 1.2 5 0.111111111 1.333333333 5 0.1
S4 0.333333333 2.555555556 7 0.111111111 1.733333333 5 0.111111111 1.266666667 5 0.1
S5 0.333333333 2.444444444 7 0.111111111 1.666666667 5 0.111111111 1.533333333 5 0.1
S6 0.333333333 2.111111111 7 0.111111111 0.933333333 5 0.111111111 1.466666667 5 0.1
S7 0.333333333 2.222222222 7 0.111111111 1.466666667 5 0.111111111 1.6 5 0.1
S8 0.333333333 2 7 0.111111111 1.866666667 5 0.111111111 1.466666667 5 0.1
S9 0.333333333 1.777777778 5.444444444 0.111111111 1.333333333 5 0.111111111 1.8 5 0.1

S10 0.333333333 2.777777778 7 0.111111111 1.533333333 5 0.111111111 1.533333333 5 0.1
A* 0.3 3 7 0.1 1.8 5 0.1 1.8 5
A− 0.3 1.7 5.4 0.1 0.9 5 0.1 1.0 5

Appendix F

Table F.1 Distance between strategies and ideal positive reference point

Combined B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B

S1 1.1675 0.6287 0.4491 0.2694 0.0000 0.0000 0.7057 0.2566 0.0000 0.1925 0.3464 0.3079 0.0000 0.0
S2 0.3592 0.7185 0.4491 0.8981 1.0777 0.2694 0.0000 0.1925 0.3208 0.2309 0.4234 0.0000 0.0000 0.1
S3 0.2694 1.0777 0.4491 0.5389 0.3592 0.1796 0.4491 0.0000 0.2566 0.3849 0.2694 0.1155 0.0642 0.1
S4 0.8083 0.4491 0.0000 0.5389 0.6287 0.0898 0.4491 0.1283 0.2566 0.0770 0.3079 0.2309 0.0770 0.4
S5 0.5389 0.4491 0.1796 0.0000 0.6287 0.3592 0.1283 0.1283 0.3208 0.1155 0.1540 0.1155 0.0898 0.1
S6 0.6287 0.0898 0.3592 0.5389 0.5389 0.3592 0.0642 0.0000 0.5132 0.5389 0.1925 0.3079 0.0128 0.0
S7 0.0000 0.4491 0.3592 0.7185 0.3592 0.3592 0.1283 0.1925 0.4491 0.2309 0.1155 0.1540 0.0385 0.0
S8 0.5389 0.3592 0.0000 0.0898 1.0777 0.6287 0.1283 0.2566 0.5774 0.0000 0.1925 0.3849 0.0513 0.0
S9 0.8981 0.0000 0.2694 0.0898 0.8083 0.0898 0.4491 0.3849 1.1422 0.3079 0.0000 0.1540 0.1026 0.0
S10 0.8083 0.8083 0.3592 0.6287 0.2694 0.0000 0.5132 0.3208 0.1283 0.1925 0.1540 0.3079 0.0000 0.0

Table F.2 Distance between strategies and ideal negative reference point

Combined B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B

S1 0.0000 0.4491 0.0000 0.6287 1.0777 0.6287 0.0000 0.1283 1.1422 0.3464 0.0770 0.0770 0.0898 0.4
S2 0.8083 0.3592 0.0000 0.0000 0.0000 0.3592 0.7057 0.1925 0.9771 0.3079 0.0000 0.3849 0.0898 0.3
S3 0.8981 0.0000 0.0000 0.3592 0.7185 0.4491 0.2566 0.3849 1.0041 0.1540 0.1540 0.2694 0.0257 0.3
S4 0.3592 0.6287 0.4491 0.3592 0.4491 0.5389 0.2566 0.2566 1.0041 0.4619 0.1155 0.1540 0.0128 0.0



Combined B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B

S5 0.6287 0.6287 0.2694 0.8981 0.4491 0.2694 0.5774 0.2566 0.9771 0.4234 0.2694 0.2694 0.0000 0.3
S6 0.5389 0.9879 0.0898 0.3592 0.5389 0.2694 0.6415 0.3849 0.9185 0.0000 0.2309 0.0770 0.0770 0.4
S7 1.1675 0.6287 0.0898 0.1796 0.7185 0.2694 0.5774 0.1925 0.9340 0.3079 0.3079 0.2309 0.0513 0.3
S8 0.6287 0.7185 0.4491 0.8083 0.0000 0.0000 0.5774 0.1283 0.9072 0.5389 0.2309 0.0000 0.0385 0.4
S9 0.2694 1.0777 0.1796 0.8083 0.2694 0.5389 0.2566 0.0000 0.0000 0.2309 0.4234 0.2309 0.0128 0.4
S10 0.3592 0.2694 0.0898 0.2694 0.8083 0.6287 0.1925 0.0642 1.0677 0.3464 0.2694 0.0770 0.0898 0.4
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Abstract

The planning and execution of the entire process in a way that
protects the environment, beginning with the supply of the raw
materials and ending with the waste or leftover product produced by
the consumer, is known as the “green supply chain.” The traditional
supply chain has been replaced by a green one as a result of the
rapid depletion of vital resources, the quick rise in environmental
consciousness, and the growing significance of environmental
preservation goals on a global and national scale. Supply chain
sustainability is the control of the social, economic, and
environmental effects of goods and/or services throughout their life
cycles and the encouragement of ethical business conduct. The main
objective of supply chain sustainability is to establish, preserve, and
advance social, economic, and environmental values for all
stakeholders in the supply chain. Along with these three primary
objectives, risk concerns are also covered in this chapter, and key
elements for the sustainability of green supply chains are examined.
A hierarchical green supply chain sustainability framework is
brought to the literature, with sub-criteria identified for each main
criterion. The problem of weighing the importance of each criterion
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that makes up this framework is thereafter handled as a multi-
criteria decision-making (MCDM) problem. The weights of the main
and sub-criteria are determined using the best-worst method
(BWM). The findings show that out of 36 sub-criteria, “cost,”
“environmental management system,” and “pollution control” are
the 3 that are the most crucial for sustainability.

Keywords Best-worst method – Green supply chain management –
Risk – Sustainability

6.1 Introduction

Numerous studies have been conducted in recent years to address
supply chain management (SCM). Traditional SCM can be described
as evaluating the coordinated management of the process from
manufacturing to the delivery of products or services to the end
consumer. But recently, researchers have asserted that the idea of
sustainability is crucial to modern supply chain management
(Shekarian et al. 2022). One of the key components for SCM success
in businesses looking to gain a competitive edge is sustainability
(Dalalah et al. 2022). The synchronization of economic,
environmental, and social concerns is at the core of sustainability,
which encourages the identification of environmental practices and
efficient use of labor, knowledge, time, material, and financial
resources (Sharma et al. 2021a, b).

The term sustainability, which was first introduced in 1987 in the
United States, is a hot topic in the literature of business disciplines
and operations in the current era (Sharma et al. 2021a, b). Today’s
sustainable supply chains must respond to changes in the needs of
both urgent and current customers (Green et al. 2019). These days,
customers are more concerned with a product or service’s
environmental impact or eco-friendliness than with delivering it at
the right time and at the acceptable price. At this point, one of the
important topics that scholars and practitioners commonly focus on,
both in the literature and in business operations, is the idea of a
green supply chain. With factors such as changing customer
demands, technological conveniences, and increasing customer
awareness, the biggest challenge faced by companies, regardless of
power and size, is to develop and maintain a supply chain that is
more responsible and sensitive to the environment, society, and the
individual (Singh and Trivedi 2016). To comply with environmental



standards, companies take steps to boost their performance
throughout the supply chain. By taking into account the customer’s
environmental consciousness, these companies seek to lessen the
environmental effect of their product or service operations, hence
enhancing their ability to compete in the market (Rao and Holt
2005).

Sustainable green SCM is a popular organizational philosophy to
increase ecological efficiency by considering the environmental
concerns of companies, to respond correctly to customer needs, and
to carry out production or service activities by giving priority to
environmental responsibility and sensitivity (Cabral et al. 2012). It
should not be forgotten that companies in the race to gain market
shares and profitability can achieve their goals by considering
environmental risks and effects on their supply chain activities.

Sustainable green SCM brings with it the vital requirements of
effective green activities that can reduce waste and carbon
emissions, minimize ecological damage and impact, and aim to
ensure its sustainability, without compromising on profit, quality,
customer satisfaction, effective production, and service activities
(Srivastava 2007). Organizations must implement green SCM
activities in response to ecological concerns for products or services
produced using ecologically sustainable processes and in
accordance with environmental standards (Murray 2000).

Due to the growing environmental damage in today’s world, more
and more people are becoming environmentally conscious, and there
is a growing impression that environmentally friendly goods and
services are superior. This has increased interest in green SC, which
also examines the environmental impact of all processes throughout
a product’s life cycle rather than just the ones that the traditional
supply chain focuses on (Banasik et al. 2018). The increasing
interest of researchers and organizations in sustainable green SCM
paves the way for studies in all areas of the supply chain, such as
production, sales, logistics, information, and labor. Adopting the
GSC in the organizational framework and ensuring its sustainability
are of critical importance. Establishing a decision support system
that can address multiple aspects of “green” concerns and
sustainability in the implementation of a sustainable green SCM will
facilitate the activities of organizations in this sense (Uygun and
Dede 2016). It is frequently emphasized in the literature that there
are multiple dimensions in providing a sustainable SCM where the
“green” concerns are considered (Ayyildiz and Taskin Gumus 2021;



Carter and Rogers 2008; Ecer and Pamucar 2020; Murray 2000;
Naseem et al. 2017). While attempting to manage production,
supply, logistics, sales, material, information, and cash flows
effectively, a supply chain with sustainability at the forefront should
try evaluating these processes in the economic, environmental, and
social dimensions. The philosophy of “sustainability,” which is based
on three pillars, economic, environmental, and social, attracted
increasing attention in this sense. Looking at this as a whole, it is an
effort to balance the trade-offs between the goals that are equally
desired to be achieved in these three dimensions (Ayyildiz 2022;
Barbier 1987; Uygun and Dede 2016). These three dimensions of
sustainability are typically, but not always, presented as intersecting
circles, as summarized in Fig. 6.1. Sustainability can be expressed
as the intersection of these three dimensions or as a whole in which
all three dimensions are evaluated together.

Fig. 6.1 Three pillars in the sustainability framework

Two significant contributions are provided by this chapter to the
SCM literature. First, a comprehensive listing of in-depth literature
evaluations for the assessment of sustainable green SCM is
provided. Second and as the chapter’s main contribution, the risk
criterion has been added to the environmental, economic, and social
criteria, which are the three pillars of sustainability, in the
assessment of sustainable green SCM. In this context, the
sustainable green SCM problem is addressed from four different
dimensions. Sub-criteria are determined for each of these four main
criteria, and the best-worst method (BWM) is integrated into the
study for evaluating sustainable green SCM according to the
criteria. Multi-criteria decision-making (MCDM) strategies can be



used during the prioritization, assessment, and evaluation process
for various complexities, since sustainable green SCM involves
multidimensional considerations (Uygun and Dede 2016). When it
comes to dealing with the examination of many factors in decision-
making, MCDM approaches are useful and effective tools (Paul et al.
2021). The BWM is used by researchers frequently in the decision-
making literature. A method is an effective tool that can be
integrated into decision-making problems, thanks to its
computational capability.

The remainder of this chapter is structured as follows: A
thorough literature overview of the sustainability assessment of
green SCM is presented in Sect. 6.2. Section 6.3 provides
information about a sustainable green supply chain, its philosophy,
benefits, terms, and related criteria. Section 6.4 presents an
integrated BWM. In Sect. 6.5, the proposed method is illustrated
with a case study in the assessment of a sustainable green SCM.
Discussions and management implications are introduced in Sect.
6.6. Section 6.7 summarizes the conclusions and presents
recommendations for future work.

6.2 Literature Review

Apart from SCM-related studies using the different MCDM
approaches, it is necessary to systematically identify the studies that
are used to highlight the differences and form the basis of this
chapter. In this chapter, the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) methodology is employed to
perform a detailed literature review (Moher et al. 2009). The
PRISMA methodology is composed of five basic steps: establishing
criteria, locating sources, choosing the literature, gathering data,
and choosing data elements (Santi and Putra 2018). This
methodology is adopted to reduce the bias in literature research and
to develop more systematic methods for achieving literature
research (Satria et al. 2017). Studies focusing on sustainable supply
chain management were investigated. Therefore, the use of MCDM
approaches in these studies is analyzed, and studies that use BWM
and its extensions are also analyzed in more details. Within the
scope of this chapter, studies that adopt the MCDM approach in
determining the sustainability of supply chains are examined in
more details. The literature search was carried out between



February 1, 2022, and August 1, 2022, with the keywords shown in
Table 6.1.

Table 6.1 Studies found in the literature review

Database Details of the search Number

of

studies

Scopus (TITLE-ABS-KEY (“supply chain management” AND
“sustainability”) AND TITLE-ABS-KEY (“multi-criteria decision-
making”))

115

(TITLE-ABS-KEY (“supply chain management” AND
“sustainability”) AND TITLE-ABS-KEY (“MCDM”))

83

(TITLE-ABS-KEY (“supply chain management” AND
“sustainability”) AND TITLE-ABS-KEY (“best worst method”))

45

With the keywords listed in Table 6.1, 243 papers in the Scopus
database were identified. Some papers were repetitive because they
were found in three or two searches. Therefore, repetitive studies
were removed and 176 were left. After the Scopus search, the
exclusion and inclusion criteria were established, and papers
specifically relevant to this topic were identified. The criteria for
exclusion and inclusion are presented in Table 6.2.

Table 6.2 Criteria for inclusion and exclusion in the literature review

Inclusion Exclusion

Sustainability assessment by
MCDM analysis

Studies for which there are no full texts available

Supply chain resilience analysis
by MCDM analysis

Studies that don’t explicitly describe the methodology
employed or the conclusions drawn

Green supply chain
management by MCDM analysis

Studies written in languages other than English

Supply chain performance
evaluation by the BWM

Studies published before 2020
Conference papers, book chapters, reviews

Following the application of the criteria in Table 6.2, it is
determined that 79 studies published in 2020 and later are pertinent
to this chapter. Table 6.3 has been created to show and summarize
the contributions of these studies to the literature. Thus, the
originality and novelty of the proposed framework are emphasized.

Table 6.3 A summary of the remarkable studies



# Author Year Problem Adopted

methodology

Fuzzy Application area# Author Year Problem Adopted

methodology

Fuzzy Application area

1 Sharma and Joshi 2020 Digital supplier
selection

SWARA,
WASPAS

No Manufacturing

2 Amiri et al. 2020 Sustainable
supplier
selection

BWM Yes Automotive

3 Khokhar et al. 2020 Social
sustainability
analysis

BWM No Manufacturing

4 Khan, Haleem,
and Khan

2020 Risk analysis BWM Yes Food

5 Yadav, Garg, and
Luthra

2020a Third-party
logistics
service
provider
selection

AHP Yes Generic

6 Ali et al. 2020 Green SCM
adoption

TOPSIS No Construction

7 Baidya et al. 2020 E-waste
management

AHP, QFD No Generic

8 Rouyendegh,
Yildizbasi, and
Üstünyer

2020 Green supplier
selection

TOPSIS Yes Automotive

9 Garg and Sharma 2020 Supplier
selection

BWM, VIKOR No Electronics

10 Abdel-Basset and
Mohamed

2020 Risk analysis TOPSIS,
CRITIC

No Telecommunications

11 Orji, Kusi-
Sarpong, and
Gupta

2020 Critical success
factor analysis

BWM No Logistics

12 Mohammed 2020 Resiliency and
greenness
performance
evaluation

DEMATEL,
VIKOR

No Chemical

13 Rajesh 2020 Sustainable
SCM analysis

AHP, ANP No Generic

14 Yadav et al. 2020b SCM analysis BWM,
ELECTRE

No Automotive

15 Bajec, Tuljak-
Suban, and Bajor

2020 Warehouse
performance
metrics
framework

BWM No Generic

16 Hendiani,
Mahmoudi, and
Liao

2020 Sustainable
supplier
selection

BWM Yes Refinery



# Author Year Problem Adopted

methodology

Fuzzy Application area

17 Ecer and
Pamucar

2020 Sustainable
supplier
selection

BWM,
CoCoSo

Yes Home appliance
manufacturers

18 H. Gupta, Kusi-
Sarpong, and
Rezaei

2020 Barrier
analysis for
sustainable
supply chain
innovation

BWM No Manufacturing

19 Öztürk and
Yildizbaşi

2020 Barrier
analysis for
blockchain
implementation

AHP, TOPSIS Yes Generic

20 Roy, Pamučar,
and Kar

2020 Third-party
logistics
service
provider
selection

MABAC Yes Food

21 Sahebi, Masoomi,
and Ghorbani

2020 Barrier
analysis for
blockchain
implementation

BWM No Humanitarian

22 Vahabzadeh
Najafi, Arshadi
Khamseh, and
Mirzazadeh

2020 Sustainable
supplier
selection

DEMATEL No Manufacturing

23 Ahmadi et al. 2020 Sustainable
supplier
selection

BWM,
PROMETHEE

No Manufacturing

24 Ghosh, Mandal,
and Ray

2021a,
b, c

Green supplier
selection

COPRAS,
GRA

No Automotive

25 Fallahpour et al. 2021 Sustainable
supplier
selection

BWM, FIS Yes Textile

26 Sudipta Ghosh,
Mandal, and Ray

2021a Green supplier
selection

COPRAS,
TOPSIS, GRA

No Generic

27 Mishra and Rani 2021 Sustainable
partner
assessment

ARAS Yes Recycling

28 Dursun 2021 Sustainable
transportation
service
provider
selection

BWM Yes Dye

29 Kazancoglu et al. 2021 Risk analysis AHP, TODIM Yes Logistics
30 Tseng et al. 2021 SCM BWM Yes Seafood



# Author Year Problem Adopted

methodology

Fuzzy Application area

31 Sudipta Ghosh,
Mandal, and Ray

2021b Green supplier
selection

TOPSIS No Automotive

32 Pınar, Erdebilli,
and Özdemir

2021 Green supplier
selection

TOPSIS Yes Automotive

33 Nabeeh, Abdel-
Basset, and
Soliman

2021 SCM ANP,
DEMATEL,
TOPSIS

Yes Manufacturing

34 Mahak Sharma et
al.

2021a,
b

Barrier
analysis for
industry 4.0
implementation

AHP,
DEMATEL

No Generic

35 Hoseini et al. 2021 Sustainable
supplier
selection

BWM, FIS Yes Construction

36 Moktadir et al. 2021 Risk analysis BWM No Textile
37 Wang, Dang, and

Nguyen
2021 Third-party

logistics
service
provider
selection

AHP, TOPSIS Yes E-commerce

38 Yıldızbaşı et al. 2021 Social
sustainability
analysis

AHP, TOPSIS Yes Automotive

39 Hendiani, Lev,
and Gharehbaghi

2021 Social
sustainability
analysis

Novel
methodology

Yes Generic

40 Kumar et al. 2021a,
b

Risk analysis BWM Yes Food

41 Mahmud et al. 2021 Barrier
analysis for
supply chain
collaboration

DEMATEL,
BWM

Yes Generic

42 Mohammadnazari
and Ghannadpour

2021 Supply chain
management

BWM,
TOPSIS

No Construction

43 Nguyen, Lin, and
Dang

2021 Green supplier
selection

AHP, VIKOR Yes Food

44 Elabed,
Shamayleh, and
Daghfous

2021 Sustainability-
oriented
innovation
assessment

BWM Yes Healthcare

45 Cavalcante de
Souza Feitosa,
Ribeiro
Carpinetti, and
de Almeida-Filho

2021 Risk analysis TOPSIS Yes Textile



# Author Year Problem Adopted

methodology

Fuzzy Application area

46 Ali and Kaur 2021 Social
sustainability
analysis

BWM No Warehousing

47 Liaqait et al. 2021 Sustainable
supplier
selection

AHP, TOPSIS Yes Energy

48 Sarker, Moktadir,
and Santibanez-
Gonzalez

2021 Social
sustainability
analysis

BWM No Generic

49 Chand and Tarei 2021 Barrier
analysis for
multitier
sustainable
SCM

DEMATEL No Generic

50 Gunduz, Demir,
and Paksoy

2021 Supply chain
smartness and
sustainability
analysis

BWM, QFD No Automotive

51 P. Kumar et al. 2021a,
b

Sustainable
SCM challenge
analysis

BWM No Automotive

52 Zarrinpoor 2021 Supply chain
network design

BWM No Recycling

53 Perçin 2022 Supply chain
capability
analysis

DEMATEL,
ANP, VIKOR

Yes Food

54 Ahmed et al. 2022 Sustainable
SCM challenge
analysis

BWM No Textile

55 Agrawal et al. 2022 Success factor
analysis for a
sustainable
SCM

AHP, TOPSIS,
DEMATEL

No Food

56 Han and Rani 2022 Barrier
analysis for
blockchain
implementation

CRITIC,
CoCoSo

Yes Generic

57 Prashar 2022 Sustainable
SCM driver
analysis

DEMATEL No Food

58 Tolooie, Alvandi,
and Arani

2022 Sustainable
supplier
selection

DEMATEL,
ANP, VIKOR

Yes Automotive



# Author Year Problem Adopted

methodology

Fuzzy Application area

59 Mohseni,
Baghizadeh, and
Pahl

2022 Barrier and
driver analysis
for SCM

TOPSIS, AHP,
COPRAS

No Food

60 Bai, Zhu, and
Sarkis

2022 Supplier
selection

BWM Yes Manufacturing

61 Sudipta Ghosh,
Mandal, and Ray

2022 Green SCM
performance
analysis

AHP, TOPSIS Yes Manufacturing

62 Pamucar,
Torkayesh, and
Biswas

2022b Supplier
selection

MACBETH Yes Healthcare

63 Yildizbasi and
Arioz

2022 Green supplier
selection

AHP, TOPSIS Yes Electronics

64 Kao et al. 2022 Supplier
selection

AHP,
WASPAS

Yes Textile

65 Mondal and Roy 2022 Supplier
selection

DEMATEL,
MABAC

Yes Automotive

66 Liaqait et al. 2022 Sustainable
supplier
selection

AHP, TOPSIS Yes Manufacturing

67 Chai and Zhou 2022 Sustainable
supplier
selection

AHP, TOPSIS Yes Energy

68 Zhang and Song 2022 Risk analysis
for blockchain
implementation

BWM,
CoCoSo

No Generic

69 Mastrocinque et
al.

2022 Sustainable
supply chain
development
analysis

FIS Yes Energy

70 Saraji and
Streimikiene

2022 Circular supply
chain
evaluation

SWARA,
COPRAS

Yes Manufacturing

71 Caristi et al. 2022 Supplier
selection

TOPSIS Yes Manufacturing

72 Yang et al. 2022 Sustainable
SCM

CRITIC,
VIKOR

Yes Manufacturing

73 Dwivedi and Paul 2022 Digital supply
chain
adaptation
analysis

BWM Yes Generic



# Author Year Problem Adopted

methodology

Fuzzy Application area

74 Pamucar et al. 2022a,
b

Sustainable
SCM
advantage
prioritization to

WASPAS Yes Logistics

75 Salimian,
Mousavi, and
Antucheviciene

2022 Sustainable
supplier
selection

VIKOR,
MARCOS

Yes Healthcare

76 Hosseini,
Flapper, and
Pirayesh

2022 Sustainable
supplier
selection

BWM No Manufacturing

77 Erol, Ar, and
Peker

2022 Blockchain
implementation
in a sustainable
SCM

SWARA,
COPRAS,
EDAS

Yes Generic

78 Anup Kumar et
al.

2022 Sustainable
supply chain
indicator
analysis

TOPSIS Yes Automotive

79 Afrasiabi, Tavana,

and Di Caprio

2022 Sustainable

supplier

selection

BWM,

TOPSIS

Yes Manufacturing

When Table 6.3 is examined, Afrasiabi et al. (2022)’s study is
found to be most similar to this study. To identify the most
sustainable and resilient supplier, they created 16 sub-criteria under
4 main criteria: social, economic, environmental, and resilient. Fuzzy
BWM was used to calculate the weights of the criteria, and the
extended GRA-TOPSIS methodology was used to assess alternative
providers. A limitation of this chapter is that they focused only on
supplier selection not holistic SCM and risk was not evaluated
comprehensively. In our proposed model, sustainable green SCM is
analyzed under the three pillars of sustainability. We also extended
the number of pillars with risk considering the post-pandemic era.
For this purpose, a hierarchical structure of criteria is constructed
with a specific purpose.

6.3 Green Supply Chain Sustainability

Assessment Model

Nowadays, people are more aware of the environment than ever
before, and there is a growing notion that eco-friendly goods and
services are superior. This is due to the growing environmental



destruction in the world. Due to this, there is now more interest in
green supply chains, which additionally assess the environmental
effects of all operations throughout the life cycle rather than just
those on which the traditional supply chain concentrates (Banasik et
al. 2018). An SCM that provides environmental sustainability with
legal regulations that encourage taking steps to improve the
environment by considering ecological concerns and using
technological innovations and conveniences is referred to as a green
SCM.

The primary goal of green SCM can be summarized as reducing
and eliminating the harmful and damaging consequences of the
supply chain on the environment in operational and management
domains such as production, supply, logistics, sales, and service
(Andiç et al. 2012; Gupta et al. 2020; Sari 2017; Uygun and Dede
2016). Along with factors such as changing and developing
technological opportunities, changing customer perceptions and
expectations, increasing consumption, and easy and fast access to
information, companies have evaluated the sustainability
terminology in three pillars to realize sustainable development in
terms of management and organization.

The philosophy of “sustainability,” which is based on three pillars,
economic, social, and environmental, has attracted increasing
attention in this sense. Looking at this as a whole, it is an effort to
balance the trade-offs between the goals that are equally desired to
be achieved in these three dimensions (Ayyildiz 2022; Barbier 1987;
Uygun and Dede 2016). It is essential to create a balance between
economic, environmental, and social aspects of the supply chain and
to properly run supply chain operations within this balance in order
to create a sustainable supply chain. However, due to the complex
nature of these dimensions and their intertwined relationships, it is
a very difficult process for companies to establish and maintain this
balance (Yildiz Çankaya and Sezen 2019).

Green supply chains, which are responsible for carrying out all
operations in the supply chain focusing on environmental
awareness, take into account the environmental dimension, which is
one of the three pillars, at the point of ensuring sustainability. For a
green supply chain to be sustainable, it is necessary to evaluate,
implement, and maintain many interrelated performance criteria
such as economic, environmental, and social dimensions. Our
chapter’s goal is to examine the green supply chain in the context of
sustainability. At this point, the risk dimension has been introduced



into the study as a fourth dimension for a sustainable green supply
chain in addition to the economic, social, and environmental
dimensions. The set of criteria, prepared for the problem based on
the three dimensions, with the added risk dimension, is shown in
Table 6.4. We assessed the sustainability of the green supply chain
by specifying the sub-criteria for these four sustainability
dimensions, which are called the main criteria within the framework
of the problem and the applications discussed in the chapter. As a
result of a literature research and experts’ opinions, 36 sub-criteria
and 4 main criteria were defined.

Table 6.4 Main and sub-criteria for the sustainability evaluation of green SCM

Environmental

E1: Pollution
production

Boutkhoum et al. (2016), Wang Chen et al. (2016), Yao et al. (2020)
and Zhou et al. (2019)

E2: Pollution
control

Deshmukh and Vasudevan (2018), Fallahpour et al. (2020) and
Wang Chen et al. (2016)

E3: Resource
consumption

Ayyildiz (2021) and Wang Chen et al. (2016)

E4: Environmental
management
system

Deshmukh and Vasudevan (2018), Tirkolaee et al. (2021), Wang
Chen et al. (2016), Zhou and Chen (2020) and Zhou et al. (2019)

E5: Hazardous
materials

Boutkhoum et al. (2016), Lu et al. (2007) and Zhou et al. (2019)

E6: Energy
consumption

Fallahpour et al. (2020), Lu et al. (2007) and Yao et al. (2020)

E7: Reverse
logistics (reuse and
recycle)

Sari (2017), Sathiya Narayana et al. (2020) and Zhou et al. (2019)

E8: Green
distribution

Deshmukh and Vasudevan (2018) and Zhou et al. (2019)

E9: Waste
discharge

Ayyildiz (2021) and Yao et al. (2020)

Social

S1: Culture Wang Chen et al. (2016)
S2: Relationship Sathiya Narayana et al. (2020) and Wang Chen et al. (2016)
S3: Human sources Boutkhoum et al. (2016)
S4: Organizational
structure

Ayyildiz (2021) and Boutkhoum et al. (2016)

S5: Innovation Deshmukh and Vasudevan (2018)
S6: Learning Deshmukh and Vasudevan (2018)
S7: Regulations Ayyildiz (2021), Kumar et al. (2019), Malviya and Kant (2018) and



Pourjavad et al. (2018)
S8: Competitiveness Boutkhoum et al. (2016)
S9: Commercial
operations

Pourjavad et al. (2018)

Economic

C1: Cost Ayyildiz (2021), Boutkhoum et al. (2016), Deshmukh and Vasudevan
(2018), Tirkolaee et al. (2021) and Wang Chen et al. (2016)

C2: Quality Ayyildiz (2021), Deshmukh and Vasudevan (2018), Sathiya
Narayana et al. (2020), Wang Chen et al. (2016) and Zhou and Chen
(2020)

C3: Technology Ayyildiz (2021), Tirkolaee et al. (2021) and Wang Chen et al. (2016)
C4: Flexibility Ayyildiz (2021), Tirkolaee et al. (2021) and Wang Chen et al. (2016)
C5: Productivity Ayyildiz (2021) and Boutkhoum et al. (2016)
C6: Effectiveness Kumar et al. (2019)
C7: Price Tirkolaee et al. (2021) and Zhou and Chen (2020)
C8: Accuracy Ayyildiz (2021)
C9: Responsiveness Ayyildiz (2021)

Risk

R1: Operational Kumar et al. (2019) and Mangla et al. (2015)
R2: Supply Kumar et al. (2019) and Mangla et al. (2015)
R3: Production Kumar et al. (2019) and Mangla et al. (2015)
R4: Financial Kumar et al. (2019) and Mangla et al. (2015)
R5: Demand Kumar et al. (2019) and Mangla et al. (2015)
R6: Technological Boutkhoum et al. (2016)
R7: Delivery Deshmukh and Vasudevan (2018) and Tirkolaee et al. (2021)
R8: Green Deshmukh and Vasudevan (2018)
R9: Strategic
barriers

Malviya and Kant (2018)

6.4 Best-Worst Method

In 2015, Rezaei introduced BWM in the MCDM literature (Rezaei
2015). The method is then employed as a successful tool to address
decision-making issues (Ayyildiz and Taskin Gumus 2021). BWM
relies on pairwise comparisons (Kannan et al. 2022). It requires
fewer comparisons than the analytic hierarchy process (AHP), one of
the most widely used pairwise comparison-based MCDM
approaches, while permitting more reliable comparisons and
outcomes (Wu et al. 2022). BWM requires 2n−3 pairwise



comparisons, while AHP requires n(n−1)/2 (Pamučar et al. 2017)
and DEMATEL n(n−1) (Xiao et al. 2022a, b). Moreover, BWM has a
better performance than other pairwise comparison-based
methodologies in maintaining the consistency (Xiao et al. 2022a, b).
In summary, the method generates results by comparing the best
and worst criteria with other criteria (Mohammadi and Rezaei
2020).

The best and worst criteria are first determined using this
method, and then further factors are compared to these two criteria.
The basic principle of BWM for calculating criterion weights is
based on the differences and similarities of the best and worst
criteria (Ijadi Maghsoodi et al. 2020). Furthermore, using only two
vectors (comparisons with best and comparisons with worst), BWM
reduces the complexity and computational time (Kannan et al.
2022). BWM has two main advantages over other MCDM
methodologies: (i) a smaller number of pairwise comparisons must
calculate criteria weights, and (ii) more consistent results are
generated. Many academics use BWM to address various supply
chain-related problems, such as resilience evaluation (Ayyildiz
2021), performance evaluation (Ayyildiz and Taskin Gumus 2021),
external force affect analysis (Sadaghiani et al. 2015), supplier
selection (Gupta and Barua 2017, 2018; Rezaei et al. 2016), social
sustainability assessment (Badri Ahmadi et al. 2017), barrier
analysis (Ghasemian Sahebi et al. 2017), green supplier selection
(Lo et al. 2018; Tian et al. 2018), and supplier risk assessment (Er
Kara and Firat 2018).

The application steps of the BWM methodology are presented as
follows (Ayyildiz and Taskin Gumus 2021; Rezaei 2015):

Step 1. Define criteria C = {C1, C2, …, Cn},where Ci represents the
criterion i.
Step 2. Select the best criterion.
Step 3. Select the worst criterion.
Step 4. Construct best-to-others vector AB = {aB1, aB2, …, aBn},
where aBi is the comparison value between the best and criterion i.
The best criterion is compared with other criteria using a scale
between 1 and 9, which is given in Table 6.5.
Step 5. Construct others-to-worst vector AW = {a1W, a2W, …, anW}T,
where aiW is the comparison value between criterion i and the



worst. The worst is compared with other criteria using a scale
between 1 and 9 which is given in Table 6.4.
Step 6. Finding the optimal weights of the criteria . 

 and , the values of  and  are determined in
previous steps for each pairwise comparison. The goal is
determining the optimal criteria weights to find a solution with the
maximum absolute value of  and  for all j is
minimized. Considering the nonnegativity constraints (Eq. 6.2)
and the criterion weight summation (Eq. 6.3), the following model
is solved (Yalcin Kavus et al. 2022) using:

Table 6.5 The meaning of numbers 1–9

Number Meaning

1 Equal importance
3 Moderately more important than
5 Strongly more important than
7 Very strongly important than
9 Absolutely more important than

(6.1)

Subject to:
(6.2)

(6.3)

This mathematical model can be represented as:
(6.4)

Subject to:

(6.5)

(6.6)



The mathematical model is solved and criteria weights are
calculated. The model’s consistency is represented with ζ. Then, the
consistency ratio (CR) is calculated via the consistency index (CI)
values given in Table 6.6 by dividing ζ value by the CI. A smaller
value of the consistency index means more reliable results.

Table 6.6 The consistency index values

Criteria number 1 2 3 4 5 6 7 8 9

Consistency index 0.00 0.44 1.00 1.63 2.3 3.00 3.73 4.47 5.23

6.5 Application and Results

In this chapter, an expert team is of paramount importance for the
following: (i) specifying the criteria that influence supply chain
sustainability, (ii) assessing the weight of criteria in a hierarchical
structure, and lastly (iii) analyzing and validating results in the
sustainable supply chain management context. In particular, a group
of six qualified experts is constituted as an expert group. Experts are
selected based on the following criteria: (i) experience in the related
fields (at least a minimum of 5 years), (ii) broad education and
knowledge in supply chain management-related areas, (iii) current
academic position, and (iv) number of studies done on supply chain
management. In this chapter, six experts (E-1, E-2, E-3, E-4, E-5, and
E-6) who worked both as academics in different universities and as
managers in different supply chains were required to join the team.
Four academics and two professionals were consulted to gain their
opinions. Information on the profile of the expert team is provided in
Table 6.7.

Table 6.7 Description of the expert team

Expert Experience Education level Title Number of

studies

E-1 5 MSc in Management Researcher 2
E-2 9 PhD in Industrial

Engineering
Associate
Professor

12

E-3 14 PhD in Industrial
Engineering

Associate
Professor

18

E-4 11 MSc in Transportation
Logistics

Researcher 4

E-5 12 PhD in Statistics Manager 3



Expert Experience Education level Title Number of

studies

E-6 7 MSc in Industrial
Engineering

Engineer 1

In this section, the BWM technique is used to assess the
importance of the criteria that influence the sustainability of the
supply chain. The BWM stages outlined above are applied to
calculate the weights of the criteria. First, the main criteria’ weights
are determined. The best (most important) and worst (least
important) main criteria, as shown in Table 6.8, are determined by
experts.

Table 6.8 The best and worst criteria for each expert

  Best Worst

E-1 Environmental Social
E-2 Environmental Social
E-3 Environmental Risk
E-4 Economic Social
E-5 Environmental Social
E-6 Economic Social

Four experts agree that the most crucial main criterion is
environmental sustainability, and economic sustainability is
determined as the most important by two experts. Additionally,
except for Expert-3, all experts stated that the least important
criterion is social sustainability. Expert-3 determined risk as the
worst criterion. Then, the opinions taken from experts were used to
construct best-to-others vectors and others-to-worst vectors as given
in Table 6.9.

Table 6.9 Best-to-others and others-to-worst vectors

  Best-to-others Others-to-worst

E-1 1, 6, 3, 4 6, 1, 4, 3
E-2 1, 4, 2, 3 4, 1, 3, 2
E-3 1, 4, 2, 7 6, 3, 5, 1
E-4 3, 9, 1, 2 6, 1, 9, 7
E-5 1, 7, 3, 3 7, 1, 4, 3
E-6 5, 7, 1, 3 3, 1, 7, 4



The matrix in Table 6.9 is the basis for a mathematical model,
and it is through this model that the main criteria weights are
determined, as shown in Table 6.10. In addition, the consistency
ratio is calculated for each expert, and evaluations are determined
as consistent.

Table 6.10 Main criteria weights for each expert

  Environmental Social Economic Risk

E-1 .550 .076 .214 .160
E-2 .466 .103 .259 .172
E-3 .500 .143 .286 .071
E-4 .188 .045 .484 .283
E-5 .533 .067 .200 .200
E-6 .132 .071 .578 .220

Regarding the reputations of experts, the main criteria weights
are combined. Their reputations are determined according to their
expertise given in Table 6.7. The experts’ weight is shown in Fig.
6.2.

Fig. 6.2 The weight of the experts

The weights of sub-criteria are calculated using BWM again. The
same experts constructed the best-to-others vectors and others-to-
worst vectors for the sub-criteria of each of the four main criteria, as
given in Table 6.11.

Table 6.11 Best-to-others and others-to-worst vectors for sub-criteria

  Best-to-others Others-to-worst Best-to-others Others-to-worst



  Best-to-others Others-to-worst Best-to-others Others-to-worst

  Sub-criteria of environmental Sub-criteria of social
E-
1

1, 2, 2, 3, 1, 3, 4, 8,
5

8, 5, 3, 2, 4, 5, 2, 1,
2

8, 5, 3, 2, 4, 5, 2, 1,
2

1, 2, 5, 3, 8, 2, 4, 3,
2

E-
2

3, 3, 2, 4, 5, 1, 3, 6,
6

4, 3, 6, 5, 3, 7, 4, 1,
2

4, 3, 6, 5, 3, 7, 4, 1,
2

3, 4, 2, 6, 4, 3, 3, 2,
1

E-
3

6, 2, 5, 1, 3, 4, 7, 8,
9

3, 6, 4, 8, 5, 5, 2, 1,
1

3, 6, 4, 8, 5, 5, 2, 1,
1

4, 2, 1, 3, 8, 8, 6, 5,
2

E-
4

4, 5, 6, 8, 1, 6, 5, 5,
3

3, 4, 3, 1, 8, 3, 4, 4,
6

3, 4, 3, 1, 8, 3, 4, 4,
6

1, 2, 6, 5, 6, 5, 8, 7,
7

E-
5

3, 4, 4, 7, 5, 4, 1, 6,
5

4, 4, 3, 1, 6, 5, 7, 5,
4

4, 4, 3, 1, 6, 5, 7, 5,
4

5, 4, 6, 5, 5, 7, 8, 1,
4

E-
6

3, 3, 4, 9, 1, 8, 8, 9,
5

8, 9, 6, 2, 9, 2, 3, 1,
2

8, 9, 6, 2, 9, 2, 3, 1,
2

3, 1, 3, 2, 7, 4, 9, 7,
8

  Sub-criteria of economic Sub-criteria of risk
E-
1

2, 1, 2, 3, 2, 2, 3, 4,
8

4, 8, 3, 2, 3, 3, 3, 3,
1

3, 3, 1, 2, 2, 2, 4, 8,
2

4, 5, 8, 5, 3, 5, 3, 1,
2

E-
2

1, 4, 3, 6, 4, 5, 2, 5,
4

6, 2, 3, 1, 3, 2, 5, 2,
3

1, 5, 2, 3, 4, 6, 6, 7,
8

8, 4, 6, 5, 4, 2, 3, 1,
1

E-
3

3, 1, 4, 6, 5, 2, 7, 8,
9

5, 7, 4, 3, 3, 5, 2, 1,
1

1, 5, 3, 2, 4, 7, 6, 9,
8

8, 5, 6, 7, 5, 3, 4, 1,
3

E-
4

1, 2, 6, 4, 5, 6, 2, 2,
4

6, 5, 1, 2, 2, 1, 2, 5,
3

5, 3, 4, 1, 2, 6, 5, 3,
7

3, 5, 4, 7, 6, 2, 3, 5,
1

E-
5

1, 2, 4, 5, 5, 5, 2, 7,
6

7, 6, 6, 4, 4, 5, 2, 1,
5

4, 5, 5, 3, 5, 6, 5, 1,
4

4, 3, 3, 5, 5, 1, 4, 6,
4

E-
6

1, 5, 7, 7, 2, 3, 2, 8,
9

9, 7, 6, 3, 7, 5, 8, 3,
1

6, 4, 2, 1, 2, 2, 7, 9,
8

3, 4, 8, 9, 8, 5, 2, 1,
3

Then, the experts’ evaluations are analyzed for consistency and
determined as consistent. The sub-criteria weights for each expert
are determined by applying the BWM steps, as given in Table 6.12.

Table 6.12 Sub-criteria weights for each expert

Environmental E1 E2 E3 E4 E5 E6 E7 E8 E9

Expert-1 .222 .137 .137 .092 .169 .092 .069 .029 .055

Expert-2 .111 .111 .167 .084 .067 .261 .111 .031 .056

Expert-3 .064 .191 .076 .318 .127 .095 .055 .032 .042

Expert-4 .103 .082 .068 .034 .342 .068 .082 .082 .137

Expert-5 .134 .101 .101 .030 .081 .101 .305 .067 .081

Expert-6 .144 .144 .108 .048 .336 .054 .054 .027 .086

Social S1 S2 S3 S4 S5 S6 S7 S8 S9



Expert-1 .032 .070 .174 .174 .270 .044 .050 .070 .116

Expert-2 .088 .132 .066 .232 .132 .132 .088 .088 .040

Expert-3 .076 .054 .032 .063 .316 .190 .127 .095 .047

Expert-4 .026 .044 .103 .077 .103 .077 .258 .155 .155

Expert-5 .072 .072 .087 .072 .109 .145 .339 .030 .072

Expert-6 .057 .026 .057 .066 .100 .080 .316 .100 .199

Economic C1 C2 C3 C4 C5 C6 C7 C8 C9

Expert-1 .136 .250 .114 .083 .114 .114 .091 .068 .030

Expert-2 .293 .084 .112 .042 .084 .067 .168 .067 .084

Expert-3 .126 .319 .095 .063 .076 .189 .054 .037 .042

Expert-4 .270 .154 .039 .077 .062 .051 .116 .154 .077

Expert-5 .281 .182 .091 .073 .073 .073 .139 .029 .061

Expert-6 .279 .072 .051 .051 .180 .120 .180 .045 .022

Risk R1 R2 R3 R4 R5 R6 R7 R8 R9

Expert-1 .091 .091 .232 .137 .122 .137 .068 .027 .095

Expert-2 .311 .075 .188 .125 .094 .063 .063 .035 .047

Expert-3 .311 .077 .128 .192 .096 .055 .064 .030 .048

Expert-4 .068 .114 .085 .288 .171 .057 .068 .114 .034

Expert-5 .101 .081 .081 .134 .081 .035 .081 .307 .101

Expert-6 .053 .080 .160 .275 .160 .160 .046 .026 .040

The weight of each sub-criteria is multiplied by the weight of the
corresponding main criterion for each expert to determine the sub-
criteria’s score. After that, the weights are combined in relation to
the reputations of the experts shown in Fig. 6.2. Final criteria
weights and their ranks are presented in Table 6.13.

Table 6.13 Final criteria weights and their ranks

Environmental Weight a
R Social Weight a

R

E1: Pollution production .0496 8 S1: Culture .0063 35
E2: Pollution control .0567 3 S2: Relationship .0067 34
E3: Resource consumption .0467 9 S3: Human sources .0061 36
E4: Environmental management
sys.

.0573 2 S4: Organizational
structure

.0104 30

E5: Hazardous materials .0541 7 S5: Innovation .0189 22
E6: Energy consumption .0547 6 S6: Learning .0129 27
E7: Reverse logistics .0566 4 S7: Regulations .0152 26



E8: Green distribution .0183 23 S8: Competitiveness .0079 32
E9: Waste discharge .0271 14 S9: Commercial operations .0068 33

Economic     Risk    

C1: Cost .0740 1 R1: Operational .0258 15
C2: Quality .0551 5 R2: Supply .0152 25
C3: Technology .0244 16 R3: Production .0228 17
C4: Flexibility .0199 20 R4: Financial .0336 11
C5: Productivity .0299 13 R5: Demand .0209 19
C6: Effectiveness .0330 12 R6: Technological .0127 28
C7: Price .0388 10 R7: Delivery .0115 29
C8: Accuracy .0225 18 R8: Green .0198 21
C9: Responsiveness .0173 24 R9: Strategic barriers .0103 31

aR ranking

The most important sub-criteria is identified as “C1: Cost” when
the outcomes of the criterion weights are analyzed. Cost for all
stakeholders in the supply chain is a criterion that is ranked higher
in terms of importance. The following criteria are found to be “E4:
Environmental management system” and “E2: Pollution control.” As
can be observed, even in the post-pandemic era, environmental
concerns have become more crucial to the sustainability of green
supply chains. The group of criteria with the least weight is
considered to be the “Social” sustainability criteria.

6.6 Discussion

Today, companies coordinate their relations with their suppliers,
who are as important as their customers among the stakeholders in
the company’s mission, with the perspective offered by the concept
of SCM that emerged after the 1990s. The mass production-based
and productivity-oriented system of the globalization and
industrialization period in the world has changed. Thus, the
manufacturer, which used to be the main actor determining the
market, has been replaced by the supply chains closest to the
customer. The level of competition has changed, the increase in
competition brought about by globalization has begun to be
effective, and competition has ceased to be a phenomenon
experienced among individual organizations. In today’s world,
competition is experienced between global supply chains. In global



supply chain competition, supply chains that want to maintain their
power need to adapt quickly to changing ways of doing business. As
a result of these changes, ideas like flexible supply chains, agile
supply chains, resilient supply chains, sustainable supply chains, and
others have evolved.

Along with the competitive advantage that SCM offers, the brutal
nature of today’s competition has forced businesses to take into
account sustainability along with the supply chain in order to make a
difference. Based on economic, environmental, and social
considerations, a sustainable SCM satisfies the needs of
stakeholders, including clients. With sustainable SCM, operations
have become more adaptable, packaging protects the environment,
lead times are reduced, and the company’s reputation among
customers and society as a whole is improved. Sustainable SCM is
affected by the fact that the responsibilities of individual institutions
now cover not only their own activities but also the activities of the
supply chains in which they are located. Sustainable SCM manages
the flow of materials, information, and capital along a supply chain
and the collaboration of companies along the chain. Based on the
expectations of stakeholders and customers, SCM simultaneously
strives to fulfill economic, environmental, and social objectives
related to the three pillars of sustainable development. Promotion of
good governance standards and management of environmental,
social, and economic repercussions over the course of a product or
service’s life cycle are the basics of supply chain sustainability.

The pandemic has caused great changes in people’s lives.
Although at first glance it seemed that the changes would be limited
to health issues, there was a noticeable increase in people’s
awareness of their environment throughout this process. Today,
many consumers are much more sensitive in their approach to
environmental awareness than before the pandemic. For this reason,
green, sustainable, carbon-free supply chains, environmentally
friendly businesses, and similar values are now frequently
encountered expectations in daily life. However, as customer
awareness increases, they tend to be more selective about these
values in their purchasing preferences. Therefore, these approaches
and increasing environmental awareness are becoming more and
more important for businesses and consumers.

Global environmental problems such as global warming and
climate change force all stakeholders of the world to be more
sensitive and take responsibility for environmental issues.



Companies are under intense pressure to mitigate their negative
environmental consequences from a variety of stakeholders,
including the government and customers, as environmental
consciousness grows throughout the world. Regardless of whether it
is long or short, simple or complex, all companies engaged in supply
chain management should integrate business practices in the
service and manufacturing industry with sustainability and reduce
end-to-end supply chain costs; in this way, it is necessary to reduce
its environmental footprint. The green supply chain approach is
extremely important in this context. It is possible to significantly
reduce the global carbon footprint with green transformations in
procurement processes.

People are now more concerned with the environmental impact of
products’ manufacturing, the size of the carbon footprint in the
supply chain, and if a product is recyclable. This is one of the main
indicators that businesses with a sustainable environmental
approach will increase in the coming period and that the green
supply chain approach will play an important role in this cycle.
Green SCM combines the traditional supply chain strategy with
environmentally friendly and sustainable practices. This chain
covers all processes, from manufacturing and production to the
procurement process and from material selection to waste
management. Green SCM not only aims to lessen the adverse effects
of the supply chain on the environment but also encourages value
creation inside supply chain companies to lessen adverse effects on
the environment. The main purpose of green supply chain
management is generally to reduce CO2 emissions and to create a
balanced and sustainable ecosystem. But beyond that, there are
different benefits it offers to businesses. Better integration with
suppliers, lower prices, less waste, increased profitability, reuse of
raw materials through recycling, positive added value created in
customers’ perception, and creation of a new eco-product market for
companies are the main benefits of effective green SCM. The green
supply chain approach can be applied to almost any industry, as
there is always a greener method available for every product
produced and consumed in any sector. The success here is how you
incorporate sustainable eco-friendly methods into both supplier
relationships and company culture. At this point, it is important to
know the trends, methods, and how to apply them. The green supply
chain strategy helps businesses finally achieve socioeconomic
success in addition to protecting the environment. With more



efficient procurement processes, waste can be reduced, and overall
costs incurred throughout the product life cycle can be reduced. In
this way, competitiveness in the market can be increased. In
addition, responsible investors who consider the environmental
performance of the institutions in their investments can be made to
invest in the company. A wider customer portfolio can be created by
creating a responsible brand image in the market.

6.7 Conclusion

The sustainability analysis of green supply chain operations has
become an interesting research topic among the scholars and
practitioners in the last two decades. The damage caused by
companies to the environment has recently been a theme of a
discussion. In green SCM, stakeholders make decisions taking
environmental considerations into account along the entire value
chain, from raw material and material supply needed for production
activities to the waste produced by the end user of the product.
Effective green supply chain management has numerous advantages
for all supply chain stakeholders. It reduces the costs of the
stakeholders, increases their productivity, and improves the quality
of the products. A green supply chain involves less transportation,
less energy, recycling, and more efficient use of space. Beyond
these, businesses have a social duty to protect the environment by
using green SCM practices in order to leave behind a world that is
more livable for future generations. For these reasons, the
sustainability of green supply chains is becoming more and more
important every day. It is important to analyze and identify the
obstacles and problems facing green SCM in terms of being a guide
for both businesses and policy-makers.

This chapter examines the green supply chain’s sustainability
assessment in the post-COVID-19 era. The supply chain
sustainability evaluation model is first built as a two-level
hierarchical criterion framework for this objective. After that, the
weights of each criterion in the hierarchical structure are
determined using a BWM methodology. At this point, six experts are
consulted to give their opinion on criteria. The results are discussed
with the experts.

This chapter’s main contributions can be summed up as follows:
(i) three pillars of sustainability are extended with one more pillar,
namely, risk, and proposed as sustainability evaluation model for



green supply chains, especially post-pandemic era; (ii) the most
noteworthy factors that contribute to the sustainability of the supply
chain are identified and organized hierarchically; (iii) six
professionals from the academic and business worlds have come
together to form an expert panel that will advise on the significance
of the criteria; (iv) the BWM assigns weights to the main and
supporting criteria, which results in the determination of the
relative importance of each criterion for the sustainability of the
green supply chain; and (v) the goal is to help supply networks
enhance their sustainability-related initiatives by using the proposed
green supply chain sustainability model and weighting method as a
guide.

Different decision-making approaches can be used in the
weighting process as recommendations for future studies, and the
results can be compared with the findings of this study. The
specified criteria are the only ones considered in the suggested
decision-making framework for the sustainability assessment of
green supply chains; however, the number of criteria can be
expanded or lowered depending on the needs or circumstances of
the problem.
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Abstract

Electric vehicles (EVs) can be seen as a significant
technology that can help to create a more resilient and
sustainable supply chain by reducing greenhouse gas
(GHG) emissions and air pollution. With the recent focus on
green sustainability, EVs have grown in popularity in many
counties such as the United States, Germany, and China
because of their zero emission. Driven by the incentives of
electrified power trains, many companies are shifting from
internal combustion engine vehicles (ICEVs) to EVs. Using
the economic performance analysis, this research seeks to
investigate the feasibility of adopting EVs into company
logistics along with the identification of the key elements
that influence its feasibility. A comparative study based on
the economic aspects has been conducted between the
ICEV, hybrid electric vehicle (HEV), and EV. This chapter
implies that both EV and HEV outperform the traditional
ICEV in terms of economic performance and they also have
enormous potential as sustainable and resilient mobility
solutions in a supply chain.

Keywords Electric vehicle – Sustainability –
Transportation – Supply chain

7.1 Introduction

The logistics industries are substantial contributors to
social and economic advancement in today’s societies and
act as a crucial sector in global economies. On the other
hand, the logistics and transportation industries account
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mailto:nibnehossain@astate.edu


for over a quarter of global GHG emissions, and these
sectors are considered one of the most significant sources
of air pollution in cities (Onat et al. 2019). Global CO2
emissions from transportation are 9000 billion tons, with
18% coming from man-made sources, and these are
anticipated to increase to 60% by 2050 (Liimatainen et al.
2019). The transportation sector is the second largest
source of GHG emissions, responsible for more than 60% of
total GHG emissions (Zhao et al. 2016). As residential and
industrial energy or fuel needs are growing over time, the
consequent increase in petroleum fuel usage has
exacerbated worries about global warming and energy
reliance. As a consequence, while fossil fuels remain the
most common source of energy, today concepts like
renewable energy and green mobility have gotten a lot of
attention both in academia and in industry (Noori et al.
2015). CO2 emissions from transportation systems will play
a large role in decreasing total GHG emissions. These
difficulties necessitate transportation system development
since it will reduce environmental, economic, and social
impacts, resulting in a significant improvement in achieving
sustainable and efficient mobility (Onat et al. 2019). The
European Union (EU) has set a goal for lowering GHG
emissions by 80% within the year 2050 and set several
climate change policies to reduce carbon emissions by
lowering the use of conventionally fueled-based cars and
achieving CO2-free city logistics (Fiori and Marzano 2018;
Osieczko et al. 2021).

Electric vehicles (EVs) are seen as a significant
technology in the automotive industry that can help to
achieve sustainable development by reducing greenhouse
gas emissions, reducing air pollution for residents, and
improving firm profitability. Multiple aspects are
encouraging the adoption of electric vehicles, including
incentives for companies to lower their carbon footprint;



greater variability of oil-based goods and long-term risk
involved with reliance on oil-based sources of energy;
government allowances to lower acquisition costs; and
advancements in alternative energy technologies (Juan et
al. 2016). So far, no comprehensive study of the impact of
electrified power trains on the automobile industry’s supply
chain and logistical sustainability has been conducted in an
integrated way (Günther et al. 2015). This research aims to
show the economic performance evaluations of EVs and
seeks to forecast the most appropriate combination of
ICEV, HEV, and EV that could be used for global logistics,
taking into account economic expenses and environmental
damage costs, using the most likely range of values.

7.2 Literature Review

EVs, including HEVs, BEVs, and the recently introduced
electric range-extended vehicles (EREVs), have been
extensively pushed by the governments as a widely
recognized green and sustainable transportation method
(Günther et al. 2015; Hu et al. 2013; Zhao et al. 2016).
Kennedy and Philbin (2019) conducted a techno-economic
analysis of the wide acceptance of electric-powered
vehicles including comparisons to hybrid, gasoline, and
diesel vehicles in their research work. The findings showed
that EVs have a strong place in the near future because of
the intricacy of electricity supply, facility standards, and
overall life cycle cost considerations.

Another group of researchers (Yusof et al. 2021) also
performed a techno-economic analysis, sensitivity analysis,
and environmental impact analysis of EVs, HEVs, and
ICEVs. The researcher conducted a life cycle cost (LCC)
analysis to examine the feasibility of adopting electric
vehicles (EVs) in Brunei. As the outcome of the study, the
researcher found that EVs can enter and compete in the
Bruneian market with the established ICEV and HEV.



Günther et al. (2015) studied the potential development
prospects for the automobile industry supply chain in
Europe and China over the next 20 years, with a focus on
EVs. Based on real-world data, a model-based quantitative
analysis was undertaken by the researchers utilizing a
thorough linear optimization. The researchers also
evaluated the use of electric vehicles in an end-to-end
supply chain to explore the industry’s potential
sustainability performance based on quantitative analysis.
Onat et al. (2019) analyzed the sustainability impacts of
EVs in Qatar. They developed a unique life cycle
sustainability assessment (LCSA) model to identify and
quantify the impacts on the aspects of sustainability. The
researcher found that EVs can save up to 28% in LCC, 71%
in GHG emissions, 51% in photochemical oxidant
production, and 63% in the effects on human health. Apart
from that, Juan et al. (2016) explored major challenges to
the adoption of EVs in logistics. They briefly reviewed the
environmental issues, and rising strategic- and operational-
related challenges, and also examined how the adoption of
EVs leads to a new dimension of vehicle routing problems.
They also proposed that metaheuristics and simheuristics
models can be used to solve complex logistics network
optimization problems.

Moll et al. (2020) explored the use of heavy-duty battery
electric trucks for sustainable urban logistics. They
developed a system dynamics (SD) model to find out
whether 24-h delivery with battery electric trucks is
beneficial for logistics companies or not. The researchers
discovered that deploying battery-powered electric trucks
for 24-h delivery is highly profitable and it’s a promising
solution to creating sustainable urban logistics. In another
research, Osieczko et al. (2021) pointed out possible ways
for growing low-emission cargo transportation in the
European Union (EU). They suggested few factors to
quantify the scale of development of low-carbon emission



logistics with the use of electric delivery vehicles. The
suggested factors include the installation of charging
stations, introducing new power transmission system with
the incorporation of new technologies, and financial
incentives for the organization that will be active in
facilitating, assisting, and enabling road transport
electrification. The researchers concluded that the
expanding adoption of electric vehicles for delivery led to
the growth of low-emission logistics in the EU.

7.3 Methodology

7.3.1 Vehicle Selection and Data Collection

We have chosen the Toyota Proace model, Ford Transit
PHEV, and Nissan E NV2000 as the IC, HEV, and EV
options, respectively. We have collected all the relevant
data from the manufacturers of our selected vehicles. A
summary of the data is represented in Table 7.1.

Table 7.1 Data required for economic analysis

  Toyota Proace

(compact)

Ford Transit

PHEV

Nissan E

NV200

Vehicle types ICEV HEV EV

Price (€) 31,340 39,990 34,105
Kerb weight (kg),
Mvehicle

1660 2235 1515

Battery capacity (kWh) 50.0 13.6 40.0
Battery weight (kg),
Mbattery

– 53 239

Battery size (kWh) 50.0 13.6 40.0
Engine (cc) 1499 1952 –
Vehicle efficiency (VE) 0.063 0.042 0.210
Annual distance traveled
(km), TD

12,000 12,000 12,000



  Toyota Proace

(compact)

Ford Transit

PHEV

Nissan E

NV200

Vehicle types ICEV HEV EV

Fuel cost (€/kWh or (€/L),
EC or GC

1.88 0.32 0.32

Charging efficiency (%),
CE

– – 80%

Maintenance rate (€/km),
MR

0.039 0.0285 0.026

Tire repairing cost (€),
TRC

258 268 268

Tire average lifetime (km) 40,000 40,000 40,000
Battery lifetime (years) 8 8 8
Battery repairing cost (€),
BRC

285.55 285.55 285.55

Scrap value for the
vehicle (€), SC

21.55 21.55 21.55

Annual vehicle license fee
(€), LC

29.47 29.47 29.47

Annual insurance cover
(€), IC

69.05 69.05 69.05

7.3.2 Economic Analysis

To evaluate the economic impact of EV, the life cycle cost
(LCC) analysis is considered (Qiao et al. 2020). LCC
includes all sorts of costs throughout a product’s lifetime
containing the time value of money (Abas and Mahlia
2019). LCC considers all costs associated with vehicle
acquisition to the disposal phase within the life cycle of an
EV (Ayodele and Mustapa 2020; Maciel Fuentes and
González 2021). These costs include acquisition costs,
operating costs, maintenance costs, etc. The present values
of these costs are considered to incorporate the time value
of money as follows (Ascher et al. 2020):

(7.1)



Here, q is the rate of interest and i is the time period in
years.

If we have taken the cumulative present value by
inserting lifetime (n), Eq. (7.1) can be rewritten as:

(7.2)

The acquisition cost (AQC) is calculated without
considering the additional tax, and the related
transportation-related cost is considered inside the
acquisition cost (Moon and Lee 2019). Tax cost depends
upon engine capacity, but this cost does not apply to EVs.
The acquisition costs of vehicles are shown in Table 7.1.

7.3.2.1 Operating Cost

Operating costs for electric vehicles include fuel cost (FC),
yearly license cost (LC), and yearly insurance cost (IC)
(Parker et al. 2021). EVs do not require any fuel, and so the
fuel cost of EVs includes electricity cost (EC) instead of
gasoline cost (GC). On the other hand, HEVs and ICEVs
simply consider gasoline costs for evaluating FC
(Compostella et al. 2020). Fuel cost also considers travel
distances (TD) and vehicle efficiency (VE) (Moon et al.
2018). FCs of EV, HEV, and ICEV can be represented as
seen in Eqs. 7.3 and 7.4:

(7.3)

(7.4)
Here, CE means charging efficiency of EV. Overall

operating cost (OPC) can be calculated as seen below:
(7.5)



7.3.2.2 Maintenance Cost

The periodic maintenance cost (PMC) is an important part
of total maintenance cost (MC). It is calculated with a
maintenance rate (MR) per travel distance as shown below
(Yoon et al. 2019):

(7.6)
Battery and tire replacement is dependent on

maintenance, so this replacement cost is included in MC
(Sun et al. 2020). Equation 7.7 is used to calculate the MC:

(7.7)

Here, BRC and TRC indicate battery and tire
replacement costs, respectively.

7.3.2.3 Salvage Value

The salvage value (SV) of a vehicle stands for the scrap
value (SC) for that vehicle during its lifetime (Figliozzi et
al. 2011). It can be represented as seen in Eq. 7.8:

(7.8)

7.3.2.4 Life Cycle Cost

The life cycle cost (LCC) includes the present values of all
types of costs discussed above. By summing up AQC, OPC,
and MC and by subtracting SV from that summation, we
can get LCC (Zhao et al. 2019). It is calculated using Eq.
7.9:

(7.9)



7.3.3 Environmental Impact Analysis

To analyze the environmental effect of electric vehicles, the
greenhouse gas (GHG) emission of vehicles is considered.
GHG emissions during the production and the operational
stages of EVs, HEV, and ICEV have been calculated and
compared. The environmental impact of the end-of-life
stage of these vehicles has been included within the GHG
emission of the production stage.

GHG emission for the operational stage contains an
annual fuel consumption rate (FCR). FCR of EV considers
the electricity required for the vehicle. The electricity
needed for EVs (EEV) is computed as follows:

(7.10)

Here, TE is the efficiency of the transmission system
which has been taken to be 28.4% (Valladolid et al. 2022).
FCR is then calculated using the value of EEV. This also
considers the heating value (HV) of the fuel used in the
vehicle and the efficiency of power plant. The related
equation for FCR is given below:

(7.11)

However, FCR is calculated differently for ICEV and
HEV, that is:

(7.12)
GHG does not include only CO2 gas. It also has some

non-CO2 gases such as methane (CH4) and nitrous oxide
(N2O). Those non-CO2 emissions are converted into
equivalent CO2 gas emissions for calculating fuel
consumption (Helmers et al. 2019). The following equation



is used for determining the total equivalent CO2 (GHG)
emission for the operational phase (GHGop) of vehicles:

(7.13)
The necessary data for operational GHG emissions are

given in Table 7.2. Natural gas is used for EVs and gasoline
is used in the case of ICEV and HEV.

Table 7.2 Data for GHG emission calculation for the operational stage

Parameters Fuel type

Natural gas

(scf)

Vehicle gasoline

(liter)

Heating value (kWh per fuel unit),
HV

0.300922 9.685114224

Mass of CO2 emission (kg/fuel unit), 0.05444 2.31943016

Mass of CH4 emission (g/fuel unit), 0.00103 0.10038536

Mass of N2O emission (g/fuel unit), 0.0001 0.02113376

GHG emissions for the production stage including end-
of-life emissions can be calculated by considering the
impact on the environment from both the battery and the
rest of the body part of an EV (Nanaki and Koroneos 2013).
The same procedure goes for HEV. However, ICEV
considers only the environmental effect of the main body
part of the vehicle. Nanaki and Koroneos (2013) showed
that the total GHG emission during manufacturing and at
the end of life of a typical vehicle body is 3.172 kg per kg of
the curb weight of that vehicle. On the other hand, the
GHG emission from battery production and end-of-life stage
is 254 gm/TD and 226 gm/TD for EV and HEV,
respectively, throughout the lifetime of a certain vehicle
(Ambrose and Kendall 2016). The required equations to



calculate GHG emission at the production stage (GHGpr)
are shown below:

(7.14)

(7.15)
Here, M and ENV stand for mass and GHG emission,

respectively.

7.4 Results and Discussion

The results shown in Table 7.3 indicate that life cycle cost
is the lowest for HEV which is €962 less compared to EV.
The acquisition costs for all three models are the most
dominant among the four cost components. For HEV, the
acquisition cost is the highest (80.52% of LCC), followed by
EV (67.36%) and ICEV (59.64%). The breakdown of the
LCC costs is illustrated in Fig. 7.1. The operating cost is
also observed to be the lowest for HEV. The maintenance
cost, however, is comparable for all three models. The
salvage cost was found to be equally contributing to the
LCC for all three models. Also, when in operation, the HEV
emits the least GHG per year and also per unit kilometer
traveled. However, it is observed that the production of
HEV is responsible for the highest GHG emission among
the three models studied (Fig. 7.2).

Table 7.3 Results from economic and environmental analysis for different
vehicles

Vehicle type ICEV HEV EV

LCC € 52,552 49,666 50,628
% LCC 100% 100% 100%
Comp to EV, € 1924 −962 0

AQC € 31,340 39,990 34,105
% LCC 59.64% 80.52% 67.36%



Vehicle type ICEV HEV EV

Comp to EV, € −2765 5885 0
OPC € 12741.76602 2178.122656 9276.890997

% LCC 24.25% 4.39% 18.32%
Comp to EV, € 3464.875024 −7098.768341 0

MC € 8480.677338 7508.151441 7256.636123
% LCC 16.14% 15.12% 14.33%
Comp to EV, € 1224.041215 251.5153182 0

SV € 10.70968979 10.70968979 10.70968979
% LCC 0.02% 0.02% 0.02%
Comp to EV, € 0 0 0

FCR (scf/liter) 756 liter 504 liter 39384.5618 scf
GHGop (kg) per year 1760.035827 1173.357218 2146.168354

GHGop (kg/km) per year 0.146669652 0.097779768 0.178847363

GHGpr (kg) 5265.52 9633.304 7095.472



Fig. 7.1 LCC breakdown of different vehicles

Fig. 7.2 GHG emission comparison of vehicles at different stages

7.4.1 Sensitivity Analysis

We conducted a sensitivity analysis to verify the robustness
of the findings. It is carried out by varying the input
parameters and noticing the variations in the LCC and GHG
emissions. How the same changes in inputs differentiate
the types of vehicles (ICEV, HEV, EV) can be presented
using a sensitivity analysis. The sensitive parameters might
be fuel cost, electricity cost, interest rate, various kinds of
efficiencies, travel distances, etc. Figure 7.3 shows the
effect of AQC on LCC by changing the cost from −30% to
20%. The AQC of EV needs to be decreased by 2.5% to
compete with HEV. Moreover, AQC should be increased by
5% to sustain ICEV.



Fig. 7.3 Impact of varying AQC of EV on LCC

From Fig. 7.4, it can be seen that LCC decreases with an
increasing rate of interest. With respect to EV, HEV is less
sensitive and ICEV is more sensitive to changes in interest
rates.

Fig. 7.4 Impact of interest rate on LCC



The distance traveled by a vehicle increases the fuel cost
which in turn increases the LCC as shown in Fig. 7.5. HEV
is least affected by TD compared to EV and ICEV. The fuel
cost of ICEV is largely dependent on TD, and so in Fig. 7.5,
it is more sensitive. Below 10,000 km annual TD, LCC is
quite similar for all types of vehicles.

Fig. 7.5 Impact of TD on LCC

Reduction in battery prices decreases BRP which results
in a reduction in LCC. This reduction rate is higher for EVs
as shown in Fig. 7.6. This is because of the fall in EC of EV.
The fuel cost of ICEV and HEV does not include EC, and so
they are less sensitive to battery prices.



Fig. 7.6 Impact of battery price on LCC

Figure 7.7 shows the impact of varying GC/EC on the
overall LCC of vehicles. Fuel cost depends on EC for EV
and GC for ICEV and HEV. The rise in EC/GC can increase
fuel costs as well as LCC. We can see the effect of EC by
keeping GC constant in Fig. 7.7 (left figure). EC above 0.4€
will increase the LCC of EV compared to HEV and ICEV. On
the other hand, the right part of Fig. 7.7 shows the changes
in LCC due to GC by keeping EC fixed. GC above 1.5€ may
increase the LCC of ICEV compared to EV, whereas the
LCC of HEV will rise if the GC increases by 0.5€.



Fig. 7.7 Impact of EC or GC on LCC

7.5 Conclusion

We have conducted an assessment of the three vehicle
options—ICEV, HEV, and EV—for their potential as a
sustainable and resilient transportation option in a supply
chain. We have performed economic and environmental
performance analyses of the three transport options and
compared the findings. The findings have been validated
through a sensitivity analysis by varying acquisition costs,
interest rates, traveled distances, battery prices, and fuel
costs. The findings of this research suggest that both EV
and HEV show superior performance compared to that of
traditional ICEV. The life cycle cost approach reveals the
economic sustainability of electric vehicles with
significantly lower LCC than that of ICEV. The results from
GHG emissions indicate that in production and end-of-life
use, GHG emissions are lower for EV than HEV. However,
in operation, the GHG emissions from HEV are lower than
EV. Therefore, there is a need for trade-offs in terms of
environmental sustainability when choosing between EV
and HEV options. The sensitivity analysis suggests that EV
and HEV are less sensitive to input factors of decision-
making. Finally, we conclude that both EV and HEV have



tremendous potential to become sustainable and resilient
transportation options in a supply chain.
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helped to gain additional success. Accordingly, there have
been numerous research opportunities in the dairy industry
in developing nations (e.g., Bangladesh). This industry
must introduce modern concepts (CE and RL) to extract
more value from their processes and unused/leftover waste
or products. These are the gray areas for the industry right
now, and farmers are searching for an improved approach
to gain further sustainable benefits. These research scopes
include achieving sustainability, increasing productivity,
waste management, genetic advancement,
commercialization of dairy products, high-quality meat
production, and a well-functioning supply chain. By
creating a reverse logistics process and following
environmental aspects, this research fills a significant
research gap in dairy waste management to build
sustainable dairy operations. Such a process will integrate
CE and RL concepts to make the operation more profitable
and sustainable. This chapter developed a supply chain
model on a case dairy farm using the system dynamics
method. The model was developed using a simulation
application and the case method following a positivist and
quantitative framework. This study creates a
causal/qualitative model that is converted into quantitative
algorithms in a simulation contest. Afterward, the
simulation model was tested and expanded to use dairy
wastes based on realistic and theoretical experience. This
study reviewed sustainability, circular economy, and
reverse logistics concepts to build a simulation model.
Finally, the model outcomes supported the above theories
to enrich the dairy industry by generating substantially
diversified byproducts for renewable energy and household
usage.

Keywords Dairy wastes – Circular economy – Reverse
logistics – System dynamics – Bangladesh



8.1 Introduction

In order to achieve sustainable economic, social, and
environmental outcomes, numerous studies have illustrated
reverse logistics in innumerable contexts (Nasir et al. 2013;
Shamsuddoha 2015a, b). A plethora of research can be
found in secondary sources to validate reverse supply chain
and circular economy processes. A few studies are seen to
be available from a systematic review of operational
factors, process bottlenecks, and practices toward circular
economy and reverse logistics perspectives (Govindan and
Hasanagic 2018). Bernon et al. (2018) indicated that
reverse logistics must incorporate CE concepts, which calls
for a multifaceted strategy. Now, empirical work is
necessary for the dairy supply chain field to analyze and
explore the potential to gain through the circular economy
and reverse logistics. This study developed a simulation
model which includes cattle herds, mature milking cows,
and culled cattle, milking and supplying milk to the value-
added industry as well as utilizing dairy waste to convert
into valuable byproducts. Thus, the objective of the
research is threefold: first, the study develops a conceptual
causal model for the dairy supply chain along with waste
processing operation through reverse logistics; second, the
causal model is converted into a quantitative simulation
model; third, the study describes the model findings in light
of CE and RL to support the research goals.

Most livestock policies encourage the dairy sector to
play a multifunctional role in improving its socioeconomic
and environmental sustainability (Shamsuddoha 2022;
Shamsuddoha et al. 2021). Some European countries like
Italy attract dairy farmers through incentives to utilize
photovoltaic or biogas plants (Ghisellini et al. 2014). Such
examples are common in developed countries like the USA,
Europe, and rich Asian countries. Due to the rising demand
for milk and dairy products over the past few decades, the



worldwide dairy industry has significantly grown and
intensified (Zhang et al. 2021). Such massive farming
produces a considerable quantity of waste. It is time to
convert these wastes into valuable byproducts using CE
and RL theories. The interest in the sewage management
strategy is snowballing due to environmental degradation
and growing circular economy awareness (Zhang et al.
2021). A poultry industry study (Shamsuddoha 2013)
describes achieving socioeconomic and ecological success
by utilizing efficient forward and reverse supply chains.

Similarly, the dairy livestock subsector has a similar
scope to contribute to the rural economy and an effective
way to achieve additional income (Shamsuddoha et al.
2021; Shamsuddoha et al. 2009, 2021; Sheheli 2012). Dairy
is a significant and growing sector in many developing
nations (e.g., Bangladesh, Brazil, and Cambodia). The dairy
industry is proving increasingly to be a viable income
source for many households involved in milk production
and trade (Shamsuddoha et al. 2013a, b). Although dairy
farming is the earliest occupation in a rural setting, its
progress has been unsatisfactory due to several economic,
social, and environmental issues (Nasir et al. 2013).
Although CE, RL, sustainability, governance, and supply
chain management have gained extensive consideration
from academicians and practitioners, the dairy farms in
Bangladesh have yet to deploy such rigorous concepts in
their operations. Implementing modern supply chain
systems for animal waste renewables has piqued the
industry’s and academia’s interest (Islam et al. 2021).
Thus, there is a possible way to develop the dairy sector in
light of sustainability, CE, and RL literature. Hence, this
study attempts to integrate the theories mentioned above
and deploy those concepts in dairy operations through a
simulation model to quest for ideal conditions for dairy
operations to gain more.



8.2 Methods

This study relies on empirical epistemology, positivist
ontology, and quantitative methodology. The fundamental
system dynamics (Sterman 2000; Wolstenholme 1982;
Forrester 1961) methodology and case study (Yin 1994)
methods are followed in this study. The design science
method depends on “devising artifacts to achieve goals”
(Meng 2009). Both primary and secondary data were used
in this study. Primary data was collected through in-depth
interviews with the farm managers and entrepreneurs. The
primary data consist of year-long information from January
to December 2020. The case farm is a renowned dairy farm
with the highest number of cow heads (1600) based on
individual farm capacity. They have several firm sites, and
the researcher has chosen one of them to build a mental
model or qualitative causal model. The respondents
proposed flexible (open-ended) questions for understanding
the appropriate procedure based on their comprehensive
information and experiences. Every interview lasted around
2 h. Since it presented information on rearing, processing,
and waste management, this study aided the interview.
Secondary data came from various places, including
reference journals, conference papers, books, company
documents, statistical yearbooks, and accounts.
Furthermore, secondary sources recognized the distinction
between expected outcomes and case farm outputs. To
build a dairy supply chain model and perform studies to
inspect research goals, the simulation program Vensim was
used and experimented to gain an adequate understanding.

8.3 Literature

8.3.1 Dairy Farming in Bangladesh

More or less than 50% of Bangladeshi people are involved
in agriculture, though the number has been decreasing



from 70 above in the last three decades. According to the
Department of Livestock Services (DLS), the Bangladesh
livestock contributed 13.44%, and GDP was 1.47 in 2020.
Other sectors are booming, and the livestock sector holds
less of the total GDP. It does not mean that the livestock
sector is deteriorating in terms of GDP volume, as the
growth is 3.04% (DLS 2020). Bangladesh is an agro-based
country with a small piece of land of 57,321 square miles
(FAOSTAT 2018). Crop, poultry, dairy, and fishery are the
main professions of rural Bangladeshi people (Shahnaz et
al. 2004). According to the DLS (2020), Bangladesh has
24.39 million cattle, 1.49 million buffaloes, 26.45 million
goats, 3.60 million sheep, 296.60 million chickens, and
59.71 million ducks. The milk and meat productions are
10.68 and 7.67 million tons, respectively (DLS 2020).
Small-scale dairy production makes a significant
contribution to the society’s well-being. The key emphasis
is on determining the amount of milk generated by
homestead dairy farms followed by renewable energy from
dairy waste. Many constraints are faced by small-scale
dairy farmers where farmers fail to produce enough milk
for optimum profit (Shamsuddoha et al. 2009). Ninety-
seven percent of the milk productions are sold to a casual
local distributor; the rest of the productions go to the
structured supply chain networks (Hemme and Khan 2004).
The private owners are the majority in this industry and get
a little help from the government and NGOs (Shamsuddoha
et al. 2013a, b). They grow their own farm having
indigenous resources.

New entrepreneurs have recently been motivated to be
involved in small to medium dairy farming in rural and peri-
urban areas (Saadullah 2011). Young entrepreneurs started
investing in this sector as a start-up or diversified business
unit. Most of the new businesses were successful in terms
of profitability and reproduction. The traditional dairy
industry has the main characteristics of small-scale and



unorganized firms, low productivity, inadequate
infrastructure, inappropriate feeding, and absence of
qualified personnel (Raha and Talukder 2004). Around 15
structured industries run a dairy corporation, such as
BRAC, Milk Vita, and PRAN, holding the topmost market
shares (Shamsuddoha et al. 2013a, b). Under the name
Milk Vita, the Bangladesh Milk Producers Cooperative
Union Limited (BMPCUL) was first founded in 1973. Milk
Vita had monopoly in the market before the new entrants,
such as BRAC dairy and PRAN (PRAN-RFL 2007). Again,
most milk sellers were not farming; instead, they built and
maintained a supply chain network and collected and
processed milk and milk-related products. Many studies
were conducted based on production efficiency,
productivity, genetics, disease control, and farm
management. But only a few studies cover sustainability,
RL and CE, and waste management.

8.4 Dairy Wastes

Dairy waste is produced in large quantities in Bangladeshi
dairy farms. According to the in-depth interview, dairy
wastage is mainly cow bone, blood, skins/hide, feed wastes,
cow dung, feces, wastewater, and milk residue.
Unfortunately, farmers do not collect all wastes; instead,
they ignore blood, wastewater, urine, and milk residue. On
the other hand, cow dung, skin, and bone are gathered and
used in an unorganized manner. Most farms do not have
structured waste management and
recycling/remanufacturing facilities. The farm will get
more convertible byproducts for additional values if dairy
wastes are processed systematically. A mature cow, for
example, produces 20–28 liters of waste per day, but
farmers are lucky to get 3–4 kilograms due to unstructured
waste collection procedures. The remainder of the waste
drains out with the wastewater through sewage lines.



Bangladesh is small in terms of land size and has an
excessive number of people living per square mile. That
creates a problem with unnecessary landfilling.
Furthermore, the collected waste is not recycled correctly,
resulting in a loss of value. This is where the researcher
concentrated their efforts and discovered a way to reuse,
recycle, and remanufacture different byproducts from the
collected waste to make it more sustainable for dairy
farmers. We need to get CE and RL implications in the
dairy supply chain processes to do this.

8.5 Circular Economy

The circular economy is an emerging concept in different
research fields (Kirchherr et al. 2017). Circular economics
(EC) is more relevant than ever in the global sense to
maintain the production rate of goods and services to
satisfy the rising customer demand encumbering the
atmosphere, community, and practitioners (Patwa et al.
2021). We use products until the end of life and discard
them as waste (Ghisellini et al. 2018). In this approach, no
one is thinking about the discarded things which may be
useful for the economy. Everything that belongs to nature
maintains cycles, such as the weather, water, day-night,
and crop cycles. Enterprises are pursuing improved
resource and process productivity at various output and
consumption levels to support the circular economy (CE)
ideals (Patwa et al. 2021). CE values encourage
diminishing or removing waste and contamination,
maximizing the use of resources and goods, and natural
system regeneration (EMF 2020). Reduce, reuse, and
recycling (3R) have increased in importance for companies
and related stakeholders (Shamsuddoha 2013). Thus, a
circular economy is an alternative to a conventional linear
economy in which individuals carelessly purchase and
dispose of the remaining.



According to a study, rural farming communities in
North Ireland are ideally adapted to implementing the
circular economy approach (Ghisellini et al. 2014). Figure
8.1 depicts biogas, electricity, and fish feed production
using sophisticated technologies. Such diversified
processes and technology can be helpful for farming and
many other industries. The case farm also implemented
some sub-projects to make their farm sustainable and eco-
friendly. Thus, dairy farms, which include the circular
economy model, can impact their stakeholders more than
the conventional farming system.

Fig. 8.1 CE and RL applied in a sustainable dairy farm and surrounding
community. (Extracted from Ghisellini et al. 2014; Shamsuddoha 2022)

8.6 Reverse Logistics in the Dairy

Industry



Environmental sustainability is an established concept for
managing resources for present and future generations
(Shamsuddoha 2015a, b; Shamsuddoha et al. 2013a, b).
Supply chain management must broaden its traditional
focus on the forward movement of resources and products
to address recycling, remanufacturing, disposal,
reconditioning, and end-life products (Kocabasoglu et al.
2007). The reverse supply chain is the sequence of
activities required to collect a product from a consumer
and either dispose of it or recover its value (Prahinski and
Kocabasoglu 2006). Again, the RSC can potentially reduce
the negative environmental impacts of extracting virgin
raw materials and waste disposal (Kocabasoglu et al.
2007). This also denotes retrieval activities from disposal to
regain values (Guide and Van 2002; Prahinski and
Kocabasoglu 2006). Similar processes can accomplish five
essential functions, that is, inspection, reverse logistics,
remanufacturing or refurbishment disposition, and
marketing (Blackburn et al. 2004).

For example, Walmart uses dedicated redistribution
reverse logistics for return, inspection, repair, salvage,
disposal, replacement, and rework such as upgrades
(Krumwiedea and Sheub 2002). Also, the battery industry
successfully implemented reverse logistics to extract
sustainable benefits (Bansia et al. 2014). Besides, reverse
logistics is evident in the poultry industry to recover wastes
to generate valuable byproducts (Shamsuddoha 2022,
2015a, b; Shamsuddoha et al. 2011, 2013a, b). Notably, a
Brazilian case study analyzed dairy property
competitiveness through reverse logistics based on wastes
produced and utilized accordingly (Gomes et al. 2014).
Reverse logistics has had a substantial social, economic,
and environmental influence on business and society
during the previous decade (Cottrill 2000). Reverse
logistics has features of environment-friendly
manufacturing including disassembly (Edwards and Daniel



1992), remanufacturing, and recycling (Gungor and Gupta
1999).

A few studies addressed the handling and use of dairy
wastes (Ahmad et al. 2019), biogas output from dairy
wastes (El-Mashad and Zhang 2010), wastewater
management in the dairy sector, and fertilizer derived from
dairy cattle slurry (Oliveira et al. 2016). All of these areas
have a tremendous deal of potential to meet social,
economic, and environmental requirements that will
increase the sustainability of the economy and society. Not
a lot of studies can be found in the literature on the
sustainable dairy operation and reverse logistics. There
was no indication that reverse supply chain problems were
being considered in dairy operations. As a result, the
researcher has chosen the Bangladeshi dairy industry as a
case study to see how to fit the reverse logistics
perspective and achieve a sustainable operation.

8.7 Integrating Reverse Logistics and

Circular Economy

According to Bernon et al. (2018), reverse logistics must
incorporate CE concepts, which calls for a multifaceted
strategy. Adopting the framework will affect industry
people and support them in changing their reverse logistics
practices to one that is more restorative and less impactful.
The circular economy relies on production processes that
take chances for reverse cycles not just of products but also
of leftovers like packaging and other wastes which can be
tied to key practices of environmental, economic, and social
sustainability (Guarnieri et al. 2020). On the contrary,
Kazancoglu et al. (2021) state that reverse logistics
activities are becoming more and more significant in terms
of scope and quantity considerations. These reverse
logistics movements are dynamic and sophisticated in



design (Shamsuddoha and Woodside 2022). Besides, the
influence of RL actions on the environment has seldom
been considered. Again, Makarova et al. (2021) revealed
that RL fits naturally into a CE and focuses on returning
goods for future use. The reverse logistics sector must
adopt a fundamentally different mindset to transition to a
CE. Working with logistics providers will be essential for
businesses to adopt cost-effective circular strategies, as
almost 98% of business leaders cite logistics as critical to
moving to a circular economy. Sun (2017) believes that
reverse logistics has caught entrepreneurs’ attention for
considering the environment, circular economy, and
sustainable development. At the same time, RL is crucial
for increasing low-carbon competitiveness. In addition,
Schluter et al. (2021) mentioned that the remanufacturing
sector makes up a minor portion of the entire European
output. Here is the opportunity for the industry to focus
more on remanufacturing to gain additional productivity
and profitability.

For example, the auto industry makes substantial use of
reverse logistics, and many other businesses are starting to
do the same (Ravi and Shankar 2005). Apart from the auto
industry, RL and CE are being considered by the
processing industry (Kazancoglu et al. 2021),
pharmaceutical industries (Javed et al. 2021), the Industry
4.0 Process (Rajput and Singh 2022), poultry industry
(Shamsuddoha et al. 2021; De Giovanni 2022), dairy sector
(Lavelli and Beccalli 2022), and many more.
Understandably, there is not a plethora of research as
these concepts are relatively new and developing. This
study is another trial to involve RL and CE to get more
positive gains for profitability and sustainability purposes.

The case industry clarifies its dairy supply chain
networks by mentioning waste collection sources and
procedures. They also indicate the practices of rearing,
raising, feeding, and collecting waste for baby cattle,



followed by heifers and milking and meat-producing cows.
Several interviews with dairy entrepreneurs and upper-
level managers helped the study to gain appropriate
knowledge on dairy farming processes. They have indicated
that dairy wastes can be collected from every generation
stage like cattle, heifer, mature cow, milking cow, bull,
culled cow, and the like. Interviewed participants provided
information on various inputs for the dairy farms, milk
processing units, and byproducts. An in-depth interview has
given perceptions of various byproducts generated from
dairy wastes. For example, a portion of raw cow dung
directly goes to the crop/horticulture fields without further
processing. At the same time, a part of dairy waste goes to
the commercial plant of biogas and fertilizer. Produced
biogas is mainly used in the farm area as a burner fuel
source and for cooking for the employees. The above figure
also represents fish/duck feed and artificial charcoal. A
considerable quantity of biogas is blown away into the air
as there is no additional farm-level usage. Farms can gain
additional economic benefits if the excess biogas can be
supplied to a pipeline network. Unfortunately, country rules
and regulations are complex, so establishing a pipeline
network that can provide the nearby households is
challenging.

The above discussions reveal that dairy waste can be a
research matter using RL, CE, and sustainability concepts.
The concerned industry can fit the above theories into their
operations and create an ideal situation of maximum
benefits and environmental and social gains. To do this, the
most considerable thing is to collect dairy wastes efficiently
and utilize them through producing byproducts and
encashing them to circulate their economy.



8.8 A System Dynamic-Based Dairy

Model

The system dynamic model starts with causal loop
diagramming. The dynamic behavior between and among
the variables is represented by positive and negative
feedback loops (Richardson, 1986). Figure 8.2 illustrates a
simple causal loop diagram for the dairy farm. This
diagram often depicts how interrelated variables interact
and involves relevant nodes representing the connected
variables (Aghalaya et al. 2012; Maani and Cavana 2007).
Both positive and negative labels can be applied to the
arrows indicating the relationships between the variables.
A positive (+) sign at the head of an arrow indicates a rise
(or decrease) in a variable. If the impact is negative, a
negative (−) sign is placed at the arrow’s head (Aghalaya et
al. 2012). Figure 8.2 depicts the relationship
between/among critical dairy parameters. A wide range of
variables controls dairy farming. However, this model only
selected the most important variables to comprehend the
dynamics over time. This qualitative/causal model has
numerous loops, as seen in Fig. 8.2.



Fig. 8.2 A qualitative dairy model

Some of the loops are as follows: Loop Number 1 of
length 1, cattle grown, cattle to farm; Loop Number 2 of
length 1, cattle grown, aging to cow; Loop Number 3 of
length 3, cattle grown, aging to cow, mature cow, cattle to
farm; and negative feedback loop, cattle and cow. After a
certain time, the mature cow will improve if the supply of
cattle increases. But when the number of mature cows
increases, the number of cattle will temporarily decline
until a new herd joins the production process. As the
number of mature cow increases, so will the milk
collection. Milk demand will increase and mature cows will
be lined up for more milking. Similar things will happen in
dairy waste collections. The higher the number of cattle
and mature cows, the more the amount of waste will be
that is collected at the farm level. More waste means more
diversified byproducts. The result could be highly dynamic



when the model adds numerous variables with diverse
parameters. Based on linked variables’ behavior, such
dynamic behavior could be positive or negative. The
modeler should consider composite behavior generated
from different constant and auxiliary variables over time to
track the complete model behavior. Such complex behavior
will give real-life operational behavior which can be tuned
through changing values for the content variables.

Similarly, other loops exist in the model such as cow and
culled cow, dairy wastes and biogas, as well as raw dung
and fertilizer. The computer-generated simulation model
was constructed based on seven separate loops in the
above causal model, and the system runs dynamically
depending on the input and output rate.

Figure 8.3 shows a basic dairy process modeled on
Vensim simulation application. The model included the
primary dairy process variables including livestock raised,
mature livestock, milk processing, milk waste, biogas,
fertilizer, and money gain. Reverse diary waste logistics
help to produce useful biogas and fertilizer byproducts.
Locals use milk waste for many items, such as human-made
artificial charcoal, fish feed, protective layer for poor
villagers’ houses, and the like. This research shows how
milk and slurry waste can produce other manufacturing
byproducts (biogas and fertilizer) in the same industry as
the supply (raw materials). The simulation model will
evaluate the amount of waste that can be used as a
byproduct input. Policymakers can simulate any input to
monitor the output of each variable to compare and
contrast different outputs. Dairy entrepreneurs and
managers would select the correct test to give them the
anticipated profitability and efficiency among the multiple
outcomes. On the other hand, Fig. 8.2 is transformable by
incorporating stock and flow diagrams from Fig. 8.1. A
diagram like this made this model expression complete.
The most crucial issue was the definition of all variables



under different mathematical equations. All the equations
built up by the interviewees were given data based on
farmers’ realistic experiences. The model was finally run
for many tests, and possible results were achieved based on
different scenario-based inputs.

Fig. 8.3 Dairy supply chain simulation model with reverse logistics

8.9 Simulation Results

The study collected historical data on dairy cattle input.
Milking cattle are raised until they are mature enough to
be milked, which takes some time. These adult cows will be
used to test future genetically altered milking cows for
output. The majority of dairy breeds are imported from
Australia, the United States, the Netherlands, and India.
Parameters for various variables from the case farm via in-
depth interviews have been collected. This study addresses



a significant research gap in the dairy sector. Due to
inappropriate governmental aid, the Bangladeshi dairy
industry is unable to cope with new technology, equipment,
and management. The private sector is doing its utmost to
face the many challenges connected with different
disasters, finances, and policies. After that, private
entrepreneurs are curious enough to deal with these
uncertainties in their farming.

Figure 8.4 shows the model run SyntheSim (Vensim
application menu option) approach in which individual
“time actions” can track and monitor their behavior over
time. This model helps explain a variable’s behavior pattern
over time so that policymakers can detect solutions if
necessary. The Vensim package synthesis mode will
experiment with adjusting constant variables in order to
get the best results. Constant variables can be seen in a bar
where a modeler can change the parameters and check
instant change over time. It is a convenient way to find
optimum results based on constant variables’ inputs. Also,
it helps the modeler to find absurd or unjustified results for
any other variables through the graph’s behavior. This
figure shows an expected behavior from the model that is
associated with a substantial number of constant and
auxiliary variables.



Fig. 8.4 Behavioral mode of the dairy supply chain model

Figure 8.5 shows the behavior of biogas, cattle, mature
cows, raw wastes, fertilizer, and milk production. All the
graphs follow normal behavior based on the given inputs.
Inputs were taken from the primary data provided by the
farmers. This model was simulated on March 21, 2022, and
graph oscillations were verified by the farm management.
This study runs a sensitivity test on two levels (stock) of
variables to examine the model’s reliability. A reliability
test is important for model authenticity and consistency.
Figure 8.6 illustrates the sensitivity analysis for the two
primary variables of number of cows and milk production.
The sensitivity behavior demonstrates the predicted
behavioral changes over time. Several tests and analyses
were carried out for this simulation model along with
various inputs for finding the optimum results.



Fig. 8.5 Performance for selected dominating variables

Fig 8.6 A sensitivity analysis on mature cows and dairy wastes

This study designed a simple model with a waste
collection and process network supporting the reverse
logistics theory. At the same time, the model includes
byproduct processing, distribution, and revenues. Such
financial gain from dairy waste can be used as further
capital to run and extend the business. The model could
even be developed in its byproduct supply chain network to
understand how many small households or companies can
get additional benefits. Such benefits understandably



follow the sustainability perspectives of economic, social,
and environmental. Thus, the results supported the reverse
logistics and circular economy theory to gain more
profitability and sustainable outcomes for dairy operations.

8.10 Concluding Remarks

This study provides a basic simulation model for the dairy
supply chain, including cattle production followed by the
number of mature cows, milk production, and waste
collection through reverse logistics. Shamsuddoha and
Woodside (2023) revealed six principles to achieve
sustainability using system dynamics methodology.
Similarly, this model can help decision-makers to estimate
how much milk and waste a dairy operation generates for
different operating conditions. The model is a basic
adaptable, dynamic system showing how the key variables
generate complex behavior. The model outputs
demonstrated that CE and RL theories are handy for the
dairy industry to modernize their operation along with
various challenges. Different behaviors can help farmers
understand the primary variables of futuristic behavior.
Future output and its oscillating behavior are essential to
predict the possible scenarios. This model will allow
farmers to practice better than their previous practices.
Future studies can incorporate additional micro- and
macro-variables into the model to find the complete
behavior of the industrial processes. Disease outbreaks,
customer disregard, frequent disasters, value addition,
uncertainty, and processing complexities are critical
variables in real-life dairy operations.
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Abstract

Big data analytics (BDA) allow enterprises to be proactive and forward-looking.
Previous research has overlooked the impact of big data analytics capabilities
(BDAC) on the sustainability performance of maritime firms. This chapter
proposes a multi-criteria decision-making (MCDM) framework using 3 criteria,
11 sub-criteria, and 3 performance indicators. The performance indicators are
rooted in the three dimensions of sustainability: economic, environmental, and
social performance. The proposed MCDM framework was validated using the
best-worst method (BWM) by analysing the data collected from experts in a
Norwegian maritime cluster. Results show that respondents perceive that firms’
BDAC has the most influence on economic performance and the least on social
performance. The most implemented sub-criteria for BDAC are connectivity,
decision-making, and modularity. Implications of the findings for the maritime
industry are discussed.

Keywords Big data analytics – Maritime industry – Sustainability performance
– Multi-criteria decision-making – Sustainable shipping

9.1 Introduction

Big data evolution has transformed conventional business models (McAfee and
Brynjolfsson 2012). Reportedly, managers have been using big data to monitor
and control the performance of companies operating in various industries
(Akter et al. 2016). The maritime industry is not an exception. Nowadays, a
massive amount of data is being generated and collected in the maritime sector,
for example, ship performance and navigation-related data from a wide variety
of sensors in a ship and the automatic identification system (AIS) data.
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Maritime organizations are working towards utilizing such data to improve the
efficiency of daily operations and decision-making (Zhang and Lam 2019).

Despite its unexplored potential, big data analytics (BDA) can be a game-
changer by assisting organizations to improve business efficiency (Wamba et al.
2017). BDA can handle large volumes of data from business systems and
operations including non-traditional data types such as video, audio, and texts
(Hagel 2015). Various applications of BDA are evident in the maritime industry
(Munim et al. 2020).

Several ports, for example, the Port of Rotterdam, Singapore, Hamburg, and
Port of Cartagena, have successfully introduced BDA to sustain a competitive
advantage over other ports by predicting vessel arrival time, preservation of
port machinery, and illegal bunkering (Zhang and Lam 2019; Noll and Hogeweg
2015; Yeo et al. 2019; Trelleborg Marine Systems 2018). Jafarzadeh and
Schjølberg (2018) demonstrated the advantages of using big data from AIS in
emission reduction of container, Ro-Ro, as well as offshore and passenger ships.
Lee et al. (2018) showed improving vessel fuel efficiency by utilizing weather
archive-related data. Hence, exploring the impact of big data analytics
capabilities (BDAC) on the performance of maritime firms through the three
sustainability pillars or the triple bottom line (TBL)—the financial, social, and
environmental performance, is of great value.

9.2 Big Data Analytics Capability (BDAC) and

Sustainability Performance

There has been a growing interest in developing BDAC with the aim of
enhancing firms’ performance in the recent years (Kallinikos and Constantiou
2015; Akter et al. 2016). The interest for attaining competitive advantage has
resulted in constant growth in BDAC investment, which exceeded US$
3.8 trillion in 2014 (Akter et al. 2016; Lunden 2013). Rialti et al. (2019a, b)
asserted that it is necessary to make significant investments in BDAC in order
to leverage the benefits of BDA. However, there is not only scarce research on
the relation between BDAC and performance but also a lack of support for the
claim that these investments lead to measurable business values (Mikalef et al.
2018). Some of the literature only outlines the benefits and challenges in
utilizing BDA (Mirović et al. 2018; Wamba et al. 2015; Zhang and Lam 2019).

Only a few studies have explored the potential consequences of BDAC on a
firm’s social, environmental, and financial performance (Wamba et al. 2017;
Akter et al. 2016; Gupta and George 2016). Song et al. (2018) further
addressed that a firm can accomplish more sustainable production and advance
its sustainable competitive advantage by improving its use of natural resources,
energy, and environmental efficiency with the help of BDA. Similarly, Dubey et
al. (2019) suggested that BDAC is one of the capabilities that would allow
organizations to enhance their social and environmental performance. Dubey et
al. (2019) highlighted that data-driven decision-making skills, management
skills, capability of organizational learning, and technical skills are essential
precedents of BDAC, which have an impact on social and environmental
performance.



Sustainability has become significant to both academia and industry due to a
rapid depletion of natural resources and growing concerns over corporate
social responsibility (Govindan et al. 2013). However, measuring to which
degree an organization achieves sustainable growth can be challenging (Slaper
and Hall 2011). The concept of the triple bottom line (TBL) is an approach to
measure sustainable development. The concept was developed by Elkington
(1994) and is also known as “people, planet, and profits”. Elkington (1998)
proposed that businesses should measure their outcome not only by the
traditional financial bottom line (i.e. ROI and profit) but also by their influence
on society, the environment, and the broader economy. Table 9.1 presents the
description of TBL with measurements applicable to the maritime industry.

Table 9.1 Performance alternatives

Performance alternatives Description

Economic performance The economic performance in maritime industry can be measured by:
 Reduction in fuel consumption
 Cost-benefit from proper and timely maintenance
 Reduction in operating cost

Social performance The social performance in maritime can be measured by:
 Improvement of the safety and well-being of crew members
 Investment in training and courses for employees’ development
 Fulfilment of social mission
 Relations and contribution to the surrounding community

Environmental performance The environmental performance in maritime can be measured by:
 Reduction of carbon footprint by using alternative energy sources
 Reduction of oil spill quantity
 Reduction of greenhouse gas (GHG) emissions from shipping traffic

Adapted from Kenton (2020), Slaper and Hall (2011) and Trelleborg Marine
Systems (2018)

9.2.1 Dimensions of Big Data Analytics Capabilities

The literature largely agrees that the fundamental components of IT capability,
i.e. physical, human, and organizational, and physical capability consists of IT
infrastructure and human capability including skill or knowledge (Barney 1991;
Grant 1991; Bhatt and Grover 2005; Chen and Wu 2011). It is therefore
fundamental to include infrastructure and human assets as key factors of
capability. Accordingly, this study, similar to Kim et al. (2012), perceives that
the key determinants of a firm’s BDAC are flexibility of infrastructure, capability
of management, and expertise of the personnel.

9.2.2 BDA Infrastructure Flexibility

BDA infrastructure flexibility is defined by its aptitude to assist firm personnel
to improve, deploy, and back a firm’s resources quickly. The BDA infrastructure
flexibility allows staff to increase their agility in developing and establishing
sufficient information and data-sharing channels across various functions that
boost functional integration, which in return leads to enhanced business



processes (Bharadwaj 2000). Predictive analytics, automatic identification
system (AIS), vessel traffic services (VTS), maritime surveillance, voyage data
recorder (VDR), and machine learning are examples of enhancing BDA
infrastructure flexibility in the maritime sector.

The flexibility of BDA infrastructure consists of three main components:
connectivity, compatibility, and modularity (Table 9.2). Connectivity is the
ability of BDA infrastructure to analyse and utilize various types of big data
across different business units (Akter et al. 2016), for example, optimized
planning and scheduling process with big data (Jimenez et al. 2022).
Compatibility allows multiple analytics platforms to share a variety of
transparent information and data within the firm (Kim et al. 2012). Modularity

enables staff to add, eliminate, and amend software components by expanding
the concepts of shareability and reusability to both applications and data
(Duncan 1995).

Table 9.2 Criteria and sub-criteria

Criteria Sub-criteria Description

BDA

infrastructure

flexibility

Connectivity Extent to which internal and external BDAC components are connected
Compatibility Extent to which various data types and software application across

multiple analytics platforms are shared
Modularity Extent to which system and its elements can be added, removed, and

modified

BDA

management

capabilities

Planning Extent to which the planning of business analytics and utilization are
organized in accordance with procedures both formal and informal

Decision-
making

Extent to which investment decision-making about BDA is organized in
accordance to procedures both formal and informal

Coordination Extent to which coordination efforts between business and data analysts
and business clients are structured according to formal and informal
procedures

Control Extent to which analytics control activities (e.g. development, monitoring
performance, and establishing clear performance criteria) are structured
according to procedures: formal and informal

BDA

personnel

expertise

Technical
knowledge

Analytics team’s programming skills as well as knowledge in managing
project life cycles, data management, distributed computing, and decision
support systems

Technological
management
knowledge

Analytics team’s deep understanding of technological trends and the
ability to learn new technologies as well as knowledge of key factors of the
organization’s success

Business
knowledge

Analytics team’s insight into of various business functions and business
environment with its problems in order to develop appropriate solutions

Relational
knowledge

Analytics team’s communication and cooperation with people from other
business functions and assistance to the end users and clients

Adapted from Kim et al. (2012) and Wamba et al. (2017)

9.2.3 BDA Management Capabilities

BDA management capability is a crucial aspect of BDAC (Akter et al. 2016). Kim
et al. (2012) defined BDA management capabilities as the ability to manage
BDA resources in a structured manner according to functional requirements



and priorities. BDA management capability ensures that decision-making is
done in accordance with the proper management framework. Various practices
are important for BDA management capability; however, Kim et al. (2011)
stated that the essential foundations for BDA management capability are
planning, investment, coordination, and control. These four core elements,
according to Kim et al. (2012), are necessary to compose a framework for BDA
management capability, and they are presented in Table 9.2 as sub-criteria of
BDA management capabilities.

9.2.4 BDA Personal Expertise

BDA personal expertise refers to the ability to undertake assigned tasks in a big
data environment, which is critical to get an insight and manage variety of data
(Akter et al. 2016; Barton and Court 2012; Kim et al. 2012). Akter et al. (2016)
highlighted that BDA staff should be proficient in four knowledge
classifications, (1) technical, (2) technology management, (3) business, and (4)
relational (see Table 9.2), to align BDA strategy with business strategy. Besides,
they take connectivity, compatibility, and modularity into account when
developing analytics system as well as supporting business demands.

9.3 The MCDM Framework

A multi-criteria decision-making (MCDM) framework has been developed to
investigate the influence of BDAC on the TBL utilizing 3 criteria, 11 sub-criteria,
and 3 TBL performance alternatives. The BDAC dimensions are established
based on three capabilities: (1) infrastructure flexibility, (2) management
capability, and (3) personnel expertise. Each capability consists of three, four,
and four elements, respectively (see Table 9.2 and Fig. 9.1). The best-worst
method (BWM) (Rezaei 2015) was used for validating the framework using
collected data from industry experts in Norwegian maritime firms. Data were
collected from individuals working at Norwegian ports, shipping companies,
and offshore oil and gas industries located in the Oslo fjord maritime cluster
during the period of April to May 2020.



Fig. 9.1 Proposed multi-criteria decision-making (MCDM) framework. S1 connectivity, S2 compatibility,
S3 modularity, S4 planning, S5 decision-making, S6 coordination, S7 control, S8 technical knowledge, S9

technological management knowledge, S10 business knowledge, S11 relational knowledge

9.4 DAC Implementation in Norwegian Maritime

Firms

9.4.1 The Most Implemented Criteria and Its Preference Over

All Criteria

The most implemented criteria and sub-criteria to other criteria vectors (best to
others) are presented in Table 9.3. The respondents are asked the following
questions: “Which of the following criteria is the ‘most implemented’ for big
data analytics capabilities?” “How much more implemented is the ‘most
implemented criterion’ compared to others on a scale of 1–9?”. Similarly, the
questions for sub-criteria are asked one by one in the survey.

Table 9.3 The most implemented-to-others vector

Respondent Big data analytics

capabilities

Infrastructure

flexibility

Management

capability

Personnel expertise

capability

Best IF MC PE Best CN CP MD Best PL DM CD CR Best TK TM BK RK

1 IF 1 4 3 CP 2 1 2 CR 2 2 2 1 TK 1 4 2 2
2 MC 6 1 5 CP 8 1 3 DM 4 1 5 6 TK 1 3 5 6
3 PE 5 5 1 MD 3 3 1 CR 1 3 3 1 RK 2 2 3 1
4 IF 1 8 6 CN 1 5 5 DM 4 1 2 5 TK 1 3 4 6
5 MC 9 1 3 CN 1 7 7 DM 5 1 5 5 TK 1 6 6 6
6 IF 1 4 4 CN 1 4 4 PL 1 4 4 4 TK 1 4 4 4
7 IF 1 7 4 MD 8 5 1 CR 2 3 1 1 TK 1 2 5 3
8 PE 5 6 1 CP 1 1 5 PL 1 3 7 5 BK 5 4 1 4
9 MC 3 1 2 MD 2 2 1 DM 2 1 3 1 RK 6 6 4 1

IF infrastructure flexibility, MC management capability, PE personnel expertise,
CN connectivity, CP compatibility, MD modularity, PL planning, DM decision-
making, CD coordination, CR control, TK technical knowledge, TM

technological management knowledge, BK business knowledge, RK relational
knowledge

Four out of nine respondents answered that infrastructure flexibility (IF) is
the most implemented capability among the three big data capabilities. On the
sub-criteria level, the most implemented management capability and personal
expertise are decision-making (DM) and technical knowledge (TK), respectively.
For IF, connectivity (CN), compatibility (CP), and modularity (MD) are reported
most implemented by three respondents each.

9.4.2 The Least Implemented Criteria and Preference of All

Criteria Over It



Others-to-the-least implemented vectors (others to worst) are presented in
Table 9.4. Respondents are asked: “Which of the following criteria is the ‘least
implemented’ for big data analytics capabilities? “How much more implemented
are other criteria compared to the ‘least implemented criteria’ on a scale of 1–
9?” Consequently, the questions for sub-criteria are asked one by one in the
survey.

Table 9.4 Others-to-the-least implemented vector

Respondent Big data

analytics

capabilities

Infrastructure

flexibility

Management

capability

Personnel expertise

capability

Worst IF MC PE Worst CN CP MD Worst PL DM CD CR Worst TK TM BK RK

1 MC 4 1 2 MD 2 2 1 PL 1 1 1 2 TM 4 1 2 2
2 PE 4 5 1 MD 2 5 1 CR 5 8 4 1 RK 7 4 5 1

3 IF 1 3 6 CN 1 2 3 CD 3 2 1 3 BK 5 5 1 4
4 MC 8 1 6 CP 5 1 5 CD 4 2 1 5 RK 6 3 4 1

5 PE 1 3 1 MD 9 8 1 CR 5 5 5 1 RK 4 4 4 1

6 PE 4 4 1 MD 4 4 1 CR 4 4 4 1 RK 4 4 4 1
7 MC 7 1 4 CN 1 5 8 DM 2 1 3 3 BK 5 4 1 3
8 MC 3 1 6 MD 5 3 1 CD 7 5 1 3 TK 1 3 5 3
9 PE 2 3 1 CN 1 2 2 PL 1 3 2 2 TK 1 7 6 6

IF infrastructure flexibility, MC management capability, PE personnel expertise,
CN connectivity, CP compatibility, MD modularity, PL planning, DM decision-
making, CD coordination, CR control, TK technical knowledge, TM

technological management knowledge, BK business knowledge, RK relational
knowledge. Italic numbers were transformed using (10 − ajW)

Personal expertise (PE) and management capability (MC) are reported as the
least implemented big data capabilities by four respondents each. On the sub-
criteria level, the least implemented infrastructure flexibility is modularity
(MD). Control (CR) and coordination (CD) are reported as least implemented
management capabilities by three respondents each. Moreover, relational
knowledge (RK) is reported as least implemented personal expertise by four
respondents.

Surprisingly, it was observed that some respondents rated the others-to-
worst vectors in reverse order (respondents 2, 4, and 5). Therefore, their values
were transformed using (10 − ajW), where ajW represents the rating by the
respondent (see Table 9.4).

9.4.3 The Optimal Weights of Criteria

A single weight vector was obtained for each respondent using BWM Excel
solver optimization on the criteria and sub-criteria level. Table 9.5 presents the
optimal weights for each implemented sub-criteria. The higher value indicates
the greater degree of implementation, while the lower shows the weaker degree
of implementation. On the aggregate level, connectivity (mean 0.164) is the



most implemented criteria followed by decision-making (mean 0.128) and
modularity (mean 0.124) among all the sub-criteria of BDAC.

Table 9.5 Optimal weights

Respondent
a CN CP MD PL DM CD CR TK TM BK RK

1 (0.039) 0.189 0.314 0.126 0.029 0.029 0.029 0.057 0.102 0.025 0.051 0.051
2 (0.211) 0.018 0.109 0.025 0.139 0.434 0.111 0.052 0.061 0.027 0.016 0.007
3 (0.116) 0.019 0.026 0.067 0.065 0.025 0.018 0.065 0.190 0.190 0.058 0.277
4 (0.234) 0.548 0.070 0.149 0.014 0.035 0.007 0.011 0.091 0.037 0.028 0.012
5 (0.274) 0.078 0.016 0.006 0.098 0.359 0.098 0.046 0.186 0.043 0.043 0.029
6 (0.202) 0.444 0.148 0.074 0.121 0.040 0.040 0.020 0.061 0.020 0.020 0.010
7 (0.098) 0.051 0.130 0.528 0.016 0.009 0.029 0.029 0.098 0.056 0.017 0.037
8 (0.104) 0.083 0.070 0.019 0.057 0.023 0.007 0.014 0.067 0.123 0.415 0.123
9 (0.154) 0.048 0.072 0.120 0.072 0.201 0.086 0.201 0.011 0.028 0.042 0.118

Mean 0.164 0.106 0.124 0.068 0.128 0.047 0.055 0.096 0.061 0.077 0.074

CN connectivity, CP compatibility, MD modularity, PL planning, DM decision-
making, CD coordination, CR control, TK technical knowledge, TM

technological management knowledge, BK business knowledge, RK relational
knowledge
aAverage consistency ratio (CR) in parenthesis

9.4.4 Aggregate Impact Scores

The aggregated impact of BADC on the TBL performance indicators was
calculated the BWM algorithm (Rezaei 2015). Respondents rated the impacts of
each of the 11 sub-criteria on the three TBL performance indicators. The
impacts of BDAC on the TBL performance indicators for all the respondents is
shown in Table 9.6, revealing that BDAC has the most impact on economic
performance (mean 0.956), followed by the environmental performance (mean
0.824) and social performance (mean 0.721).

Table 9.6 Priority for performance

Respondent Economic performance Social performance Environmental performance

1 (Shipping) 0.933 0.983 0.977
2 (Shipping) 0.939 0.721 0.724
3 (Port) 0.968 0.809 0.800
4 (Oil and gas) 1.000 0.342 0.481
5 (Shipping) 1.000 0.610 0.610
6 (Oil and gas) 0.963 0.745 0.996
7 (Oil and gas) 0.975 0.323 0.996
8 (Shipping) 0.861 0.958 0.870
9 (Port) 0.966 1.000 0.966

Mean (sample) 0.956 0.721 0.824



Additionally, priorities of the TBL alternatives by oil and gas industry,
shipping industry, and port are compared as shown in Fig. 9.2. The respondents
from the oil and gas sector (n=3) perceive that BDAC has the most impact on
economic performance (mean 0.979), followed by environmental
(mean 0.824) and social (mean 0.470) performance. Similarly, respondents
from the shipping company and port industry (n=6) perceive that BDAC has the
most impact on economic performance (mean 0.945). However, while the
respondents from the shipping and port sector perceive that BDAC has the
second most influence on social performance (mean 0.847), respondents of oil
and gas perceive social performance as the least impacted by BDAC (mean
0.470). In the full sample aggregated score, BDAC also has the least impact on
social performance (mean 0.721).

Fig. 9.2 Aggregated impact scores on the TBL indicators

Figure 9.3 presents the aggregated optimal weights of the whole sample and
for each industry. The respondents believe that the connectivity (mean 0.164) is
the most implemented criteria, followed by decision-making (mean 0.128) and
modularity (0.124) among all the sub-criteria of BDAC. Similar to the mean of
all industries, the respondents from the oil and gas industry perceive that
connectivity (mean 0.348) is the most implemented criteria, followed by
modularity and compatibility (mean 0.250 and 0.116 correspondingly).
Interestingly, the respondents from the shipping industry do not view
connectivity as the most implemented criteria for BDAC, and instead, they
believe that decision-making (mean 0.211), followed by business knowledge
(mean 0.131), is the most implemented element for BDAC as shown in Fig. 9.3.
Finally, respondents representing the port industry believe that rational
knowledge (mean 0.198) is the most implemented criteria for BDAC, while
connectivity (mean 0.033) is the least implemented one.



Fig. 9.3 Aggregated optimal weights. CN connectivity, CP compatibility, MD modularity, PL planning, DM

decision-making, CD coordination, CR control, TK technical knowledge, TM technological management
knowledge, BK business knowledge, RK relational knowledge

9.5 Discussions and Implications

This chapter explores the influence of BDAC on maritime firms’ sustainability
performance through the lens of TBL. The result shows that connectivity,
decision-making, and modularity are the most implemented sub-criteria for
BDAC and the firm’s BDAC has the most influence on economic performance
(mean 0.956) among the three performance indicators. According to a report
from Trelleborg Marine Systems (2018), there have been significant increases
in partnerships to develop technology capabilities; the number of maritime
companies, investing in infrastructure that enables big data implementation as
well as promotes application of big data in maritime sector, has been growing.
This trend shows that the maritime industry has been investing in BDA
connectivity, compatibility, and modularity, which are three core elements of
infrastructure flexibility.



Furthermore, a comparison among sectors in the maritime industry (Fig. 9.2)
reveals that BDAC affects more economic performance in the oil and gas
industry (mean 0.979) than the port (mean 0.967) and the shipping industry
(mean 0.933). This outcome does not represent each sector (due to
relatively low sample size), nor guarantees the same output, but the proposed
MCDM framework can be used by a firm to analyse how their BDAC impacts the
TBL indictors. Also, the result can be used to support the rising investment in
the implementation of BDAC given trending development of data-collecting
sensors in the areas of exploration, drilling, and extraction of the offshore oil
and gas industry. With the advancement of BADC, there is a potential for
reservoir modelling and simulation, drilling time reduction and increase in
drilling safety, performance optimization of pump production, and improvement
in asset management of petrochemicals. As a result, it leads to cost reduction
(Mohammadpoor and Torabi 2018).

The positive effect of BDAC on social and environmental performance is
emphasized in extant literature (Dubey et al. 2019; Song et al. 2018). Besides,
corporate social responsibility (CSR) in the shipping industry is evolving and
transforming market conditions as there are new requirements from regulators,
investors, NGOs, and customers emerging (Froholdt 2018). One reason for the
noticeable difference of social performance preference between the shipping
and the oil and gas industry may indicate that respondents from the shipping
company are more aware of the benefit from social sustainability than the oil
and gas industry. Although the difference of priority by industry should not be
generalized to each industry, it indicates the difference in the perspective on
the impact of BDAC on TBL.

9.5.1 Implications for Practice

The result shows the importance of developing BDAC to improve maritime
firms’ sustainability performance because it does not only provide managers
with the direction when implementing BDAC but also helps a firm to prioritize
and invest in relatively more important capabilities, which are connectivity,
modularity, and decision-making. As an example, connectivity, which is one of
the crucial components for infrastructure flexibility (Kim et al. 2012), can be
utilized for improving customer relationship management by enabling smart
personalization and customization to customers (Anshari et al. 2019).

Additionally, firms could strengthen decision-making capability by
considering the impact of teamwork on productivity and efficiency, and the
training cost of staffs that is required, when making decisions on BDA
investment (Kim et al. 2012; Wamba et al. 2017). Moreover, this chapter helps
maritime managers to consider the impact of BDAC on social and environmental
performance as well as economic performance, since BDAC not only plays a
significant role in improving firms’ sustainable competitive advantages but also
is one of the organizational capabilities which allow organizations to enhance
social and environmental performance (IGEL 2014; Song et al. 2018; Dubey et
al. 2019). Moreover, the findings also allow maritime firms to set their strategy
in a specific perspective according to their objectives in order to strengthen
their competitive advantage in the industry.



9.5.2 Implications for Research

The impact of BDAC on a firm’s performance has been addressed in existing
literature (Kim et al. 2012; Wamba et al. 2015; Gupta and George 2016; Rialti
et al. 2019a, b; Akter et al. 2016). Some studies (Song et al. 2018; Dubey et al.
2019) emphasize the positive influence on environmental, social, and
environmental performance by utilizing BDAC. However, studies on the impact
of BDAC on the sustainability of maritime firms through the lens of TBL are
limited. Hence, this chapter provides not only a guideline that facilitates
developing BDAC of maritime firms but also an overview of aspects lacking
examination in previous BDAC research.

9.6 Conclusions

The impact of big data analytics capabilities on the sustainability of maritime
firms is evaluated in this chapter through utilizing the best-worst MCDM
method. Data are collected from a sample of nine industry experts from a
Norwegian maritime cluster. The findings reveal that the maritime firm’s BDAC
has the most impact on economic performance among the three dimensions of
sustainability.

With the growing interest in BDAC, this chapter extends BDAC’s role on
sustainability in the sense that it provides direction of when should firms
implement BDAC by providing them a framework to prioritize and invest in
relatively more important capabilities. Although this chapter covered several
aspects of BDAC and its impact on sustainability, it can be extended to explore
the impact of BDAC on firms’ performance among different industries or
economies. Furthermore, a repeated measure study design, where the ranking
of implemented BDAC changes over time is assessed, can trace the
dynamic impacts on sustainability performance.
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Abstract

Global economies have long relied on the efficient flow of people and
products, despite inefficiencies such as time waste, delays, increased
costs, and pollution. Smart transportation systems can be built using
various technologies and techniques to tackle modern challenges.
Modern autos and sophisticated transportation networks represent
important technology developments that increase driving comfort and
safety. There are a number of new issues that need to be faced that
require significant modifications in the models of transportation
systems to abundantly realize their potential and stimulate the
expansion of smart movement applications and services. This chapter
aims to identify the latest trend in transportation logistics based on a
systematic literature review along with a multidimensional overview of
smart logistical apparatus. The chapter accentuated the sustainable
issues for improving road safety, traffic management, reduced carbon
emission, and ways for real-time tracking and decision-making within
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modern technological upgradation through this advanced
transportation model. The ultimate improvement of this literature-
based model was to smarten the real transportation system with the
advent of IoT and artificial intelligence. This review ultimately powered
the policymakers and academicians for new thinking and a new
dimension for the vehicle to everything (V2X) for a sustainable future.
Accordingly, the need for empirical proof of the sustainability profits of
transportation logistics efforts, data-driven decision-making, and
optimization techniques should be systematically considered for
practices and outlining universally relevant metrics.

Keywords Smart transportation – Intelligent transportation – Logistics
– Sustainability – Supply chain – Green initiative

10.1 Introduction

Intelligent transportation systems (ITS) are a collection of state-of-the-
art information and communication technologies incorporated into
traffic and transportation management systems (Singh et al. 2022b).
This system is ardently engaged to improve transportation networks’
security, dependability, and environmental management and reduce
congestion and pollution that drivers experience (Sharifi et al. 2022).
In addition, the transportation industry relies heavily on data analytics
to use the resources at hand more effectively, such as reducing traffic
and improving the travel experience (Jain et al. 2022). One more time,
in China, transportation is at the forefront of innovative applications
for smart cities and highway safety (Liu and Ke 2022). However, it
takes into account all forms of connectivity and intelligent mobility,
such as ride-sharing, autonomous and partially autonomous vehicles,
bike-sharing initiatives, traffic signals, habitations, parking spaces, and
humans (Komninos et al. 2022). Evidently, conventional transportation
systems seek to improve mobility, particularly for vehicles, but may fail
to consider wider consequences (McLeod and Curtis 2022) and even
less consideration for passenger choice which ultimately be influential
in order to preserve the sustainable growth of the traveling
infrastructure and services (Kashem 2020). Therefore, during the past
few decades, smart transportation structures have been idealized to
increase vehicle and travel safety and security, improve transportation
efficiency, and modernize facilities for drivers and passengers.

In today’s world, fostering links between environmental protection
and economic viability, social advancement is necessary when applying
sustainable development to transportation networks (Palit et al. 2022).



Yet, environmentally friendly transportation promotes efficiency,
safety, and environmental advancements for long-term development
(Khalili et al. 2019). Sustainable innovation encompasses technological
progress that contributes to energy conservation, pollution reduction,
waste recovery, the production of eco-friendly goods, and corporate
environmental management (Aftab et al. 2022). Hence, an efficient
knowledge representation scheme on sustainability is required for an
effective transportation system that assists businesses in creating a
balance between the economic viability of their decisions and the
ecological and social consequences.

On the other hand, logistics and sustainability issues are especially
concerned about energy usage and CO2 emissions owing to the
urgency of transformation into transportation metrics with the advent
of the latest technology (Vilathgamuwa et al. 2022). Meanwhile,
natural habitat effects are causing additional pressure on supply
systems by these transport effects (Lalendle et al. 2021). While
logistics performance and environmental degradation were highly
correlated with CO2 emissions, supply chain empowerment has
gradually raised the demand for international freight transit (Kong et
al. 2022). In addition, green logistics management significantly
improved business performance and environmental quality (Aftab et al.
2022), while new regulations encouraged green logistics management
and increased ecological profitability (Vienažindienė et al. 2021). The
integration of transportation and logistics systems was deemed
advantageous as it resulted in improved tracking capabilities, greater
cost savings, enhanced warehouse productivity, and reduced inventory
levels (Khalili et al. 2019).

In management science, the green supply chain is a growingly
prevalent issue, and green logistics is its subfield (Nimsai et al. 2020).
For instance, European countries’ biggest challenges in the next
millennium have long been considered environmental issues in logistics
management and green supply chain procedures (Shekarian et al.
2022). Additionally, logistics and freight transportation, which are
concerned with the movement and storage of resources and goods in
the supply chain, are significant components in this regard (Sindi and
Roe 2017). So, as a component of sustainable movement, green
logistics attempts to reduce the environmental externalities of logistics
operations and establish a sustainable balance between economy,
environment, and societal advantages (Agyabeng-Mensah et al. 2020).
Therefore, in addition to lowering resource consumption, energy use,
and waste, integrating green technologies, optimizing the order



fulfillment process, and energy-saving solutions can improve internal
supply chain operations.

To this end, various analyses of various aspects have been steered,
and a range of environmentally friendly measures are being considered
in this recent paradigm shifting into intelligent transportation (Palit et
al. 2022). These measures may be technological, logistical, or market-
based and have significant consequences for the supply chain’s
economics and logistics (Khan et al. 2021). The number of research
that has addressed the actual application of this transportation
logistics notion may be limited, even though many studies have
discussed the only ideas of transportation logistics and sustainable
challenges associated with supply chain operations (Gayialis et al.
2022). Furthermore, fewer case studies have addressed sustainability
issues in addition to the advantages of intelligent transportation
systems (Gohar and Nencioni 2021). Thus, the gap exists specifically in
the context of supply chain sustainable operation where artificial
intelligence, IoT, and modern technologies contribute toward smart
transportation for the entire supply chain entities.

10.2 Transportation Practice and Carbon

Emission

Transportation sustainability historically includes the efficiency and
efficacy of the public transport system as well as the transportation
system’s consequences for the environment and climate (Zhou et al.
2019b). Naturally, the main environmental problems stem from carbon
emissions and energy use. With significant evidence, urban air quality
significantly deteriorates and climate change exacerbates by carbon
emissions from transport (Sultana et al. 2019). In terms of efficiency,
transportation has the quickest growth rate in greenhouse gas
emissions compared to other energy-consuming industries (Kazancoglu
et al. 2021; Khalili et al. 2019). It generated roughly 31% of worldwide
emissions and 24% of emissions in the EU in 2019. The idea is
uncomplicated but still impactful for the environment owing to 20–25%
of both world’s carbon dioxide emissions and energy usage (Zhou et al.
2019a). However, in 2019, fossil fuels accounted for almost 95% of
energy, whereas direct burning of fossil fuels was to blame for nearly
97% of the emissions (Babu et al. 2022).

Figure 10.1 illustrates how the global transportation industry is a
significant polluter and is generated roughly (Tiseo 2021). Zahoor et
al. (2023) stated that passenger cars accounted for 41% of global
transportation and CO2 emissions of 3.2 billion tons in 2019. In 2020,



car emissions were reduced drastically due to the COVID-19 pandemic.
Heavy and medium trucks account for the second largest
contaminators with 22% of emissions. Smart transportation has the
potential to make significant contributions towards creating an
environmentallysustainable supply chain, particularly in the areas of
carbon emission reduction.

Fig. 10.1 CO2 emission in the transportation sub-sectors 2022. (Tiseo 2021; Statista)

10.3 Transportation Logistics and

Sustainability

Supply chain provides prompt and precise product distribution to the
most suitable places, which is essential for any successful company
(Bvuchete et al. 2021). Efficient transportation can enhance these by
decreasing material and time loss (Bozorgi and Fahimnia 2021). By
adopting a comprehensive strategy, a sustainable supply chain
minimizes waste reductions and environmental effects and improves
safety, working conditions, health, and labor abuses (Wilhelm and
Villena 2021). As a result, a company must address environmental,
social, economic, and legal challenges at every step in its supply chain
in order to be sustainable (Allen et al. 2021). However, economic and
social growth depends heavily on transportation (Strulak-Wójcikiewicz
and Wagner 2021) due to the connection of people with the
transportation infrastructure. Hence, an efficient transportation system



reduces delays, gives visibility into freight shipping, and helps the
business save money, resulting in a sustainable balance.

10.4 Sustainability and Transportation

From the theories of sustainable development, transportation and
sustainable development are related (Kazancoglu et al. 2021) and
essential to a city’s economic and social growth. For implication,
shared, automated, electric vehicles have become the mainstay of
urban transportation systems. Therefore, leading to more resilient and
sustainable urban futures, integrating disruptive transportation
technologies and services helps address several issues in the current
transportation industry (Strulak-Wójcikiewicz and Wagner 2021). So,
policies that address innovation, infrastructure development, and
energy efficiency, use of alternative fuels, pollution prevention, and
intelligent transportation systems are illustrative of environmentally
friendly transportation technologies (Sultana et al. 2019). Thus,
sustainability will be the prime issue for future transportation
development.

10.5 Green Supply Chain, Logistics, and

Sustainability

For sustainable development, reduce, reuse, recycle, reclaim, and
degradable options are required in supply chains’ manufacturing,
operations, and end-of-life management over traditional processes
(Palacios-Mateo et al. 2021). However, green reverse logistics is also
one of the familiar dimensions of a green supply chain (Shekarian et al.
2022) which involves employing more environmentally friendly and
sustainable techniques (Strulak-Wójcikiewicz and Wagner 2021).
Transportation plays a crucial role in logistics, which involves moving
resources from supply sites to manufacturing facilities (Sindi and Roe
2017), inventory repositioning across multiple operations and
distribution centers, and final delivery to customers (Firouzi et al.
2020). Again, transportation strategies ensure that deliveries to and
from the plant go off without a hitch and arrive on time (Badidi 2022).
So, it is crucial to incorporate transportation into the supply chain
management strategy for a company’s success, boosting supply chain
efficiency and lowering inefficiencies (Singh et al. 2022a). But due to
CO2 emissions, pollution, and other factors, transportation has many
adverse environmental effects causing global warming (Kazancoglu et
al. 2021). As opposed to that, transportation improvements can affect



the commodity and labor markets by increasing access to supply,
components, customers, and labor (Firouzi et al. 2020). As a result,
existing businesses become more effective and marketable, which
boosts their output and creates more jobs. It shows a sustainable
tendency toward local economic growth.

Society and the economy are getting the benefit when
transportation networks are effective and efficient. For instance, such
improvements create more jobs, accessible market access, and
investment (Bharathidasan et al. 2022). Less air pollution, for example,
the absence of greenhouse gases from biking and walking, reduced
noise and traffic, reduced demand for new parking lots and roads, and
the protection of irreplaceable green space from development are just
a few of the benefits related to sustainable transportation (Dugan et al.
2022). Therefore, this chapter accommodated the ideology linking
smart transportation with logistic movement, which contributed toward
the operation of the green supply chain as a possible approach to
reduce hazards like pollution and noise.

10.6 Methodology

This literature review concentrated on smart transportation systems
with the advent of technological upgradation and amalgamation. More
specifically, the chapter entails the roles of recent technological
advancements in transportation systems to address ways to mitigate
the sustainability issues on existing transportation systems resulting in
smooth supply chain operation. A foretelling literature-based model
was also developed and justified here under the advancement of the
related technology on intelligent transportation systems along with the
systematic literature survey. So, the research questions for this
chapter are as follows: “What is the recent trend of research on
transportation logistics for sustainability, and how to smarten
transportation systems by incorporating modern technological
advancement?” This research question addresses the trends of recent
research on transportation systems from year to year based on the
citation. Later, a sophisticated model of the smart transportation
system draws through entailing insights from highly cited research
papers on transportation and sustainability.

We used the scholarly articles from Google Scholar dataset
predominately due to its ease of use for the citation and broad
exposure for all types of research. Non-English articles, strictly
technical papers, and papers focusing on legitimate factual
contributions rather than business are prohibited. For the bibliometric



data, author information, publication titles, abstracts, keywords, and
other information were collected.

According to the systematic review, the development of smart
transportation and sustainability issues between 2014 and 2022 is far
ahead of schedule. As a result, the initial search was limited to those
years and the Google Scholar database. Using the keywords “smart
transportation” OR “Intelligent transport” OR “intelligent
transportation systems” OR “smart transport,” a total of 16,700
records were retrieved (Table 10.1). A total of 204 articles were
considered after focusing on keywords, abstracts, and manuscripts
(Fig. 10.2). However, based on “smart transportation sustainability,”
the topic is still fanciful because of the citation metrics displayed in
Table 10.2 (2014–2022 citations). It shows 5 citations per document,
2.86 citations per paper, an h-index of 4, a g-index of 6, and an hA-
index of 3.

Table 10.1 Systematic literature search and bases of inclusion and exclusion

Keywords/search string Search

engine

No. of

papers

Inclusion and

exclusion

parameters

“Smart transportation” OR “intelligent transport” OR
“intelligent transportation systems” OR “smart
transport”

Google
Scholar

16,700 In the title
Year: 2014–2022

“Smart transportation system” Google
Scholar

204 In the title of the
article

“Smart transportation and sustainability” Google
Scholar

14 In the title of the
article

Fig. 10.2 Number of papers cited from 2016 to 2022

Table 10.2 Citation metrics

Publication

year

Papers Citations Cites/per

year

Cites/paper Author/paper h-

index

g-

index

hA-

index



Publication

year

Papers Citations Cites/per

year

Cites/paper Author/paper h-

index

g-

index

hA-

index

2014–2022 14 40 5 2.86 2.07 4 6 3

Lastly, a plausible model was proposed based on the available
research on smart transportation networks. In reality, this model was
developed to answer the chapter issues and may be applied to changes
in transportation systems based on cutting-edge technological
advancements in the future. Therefore, the draft model is a forward-
looking transportation transformation with new facilities with the
advent of artificial intelligence, IoT, and other modern instruments.
More particular, this model will widen the sustainability movement
toward improved transportation logistics, enhancing the supply chain’s
capabilities.

10.7 Future Smart Transportation Model and

Mechanism

Smart transportation developments are defined as vehicular ad hoc
network (VANET) applications involving mobile vehicles, network
communications, and transportation systems to produce significant
services (Giang et al. 2022). Again, future technology is known as
intelligent transport systems (ITS), intended to increase driver
comfort, traffic management, and road safety. Such a system would
enable pervasive vehicle interaction, creating an Internet of Vehicles
(IoV) and providing drivers with a clear view of oncoming traffic
(Maglaras et al. 2016). A sustainable urban paradigm also involves
collecting data from connectivity roadside units (RSUs) and other
factors justified on roads, buildings, and people as shown in Fig. 10.3
(Tak et al. 2020). According to the rigorous system application, the
gathered info is directed to the vehicle cloud that helps traffic control
at the city level and makes sure that emergency alerts are sent out on
time, giving the wireless transceiver of the vehicle crucial information
for controlling congestion and choosing security algorithms, as well as
taking actions to quantify the data quality and reliability (Aljohani et al.
2021).



Fig. 10.3 Smart transportation logistics

Only a few ITS-based applications used in smart cities include
cooperative awareness, safe lane discipline, intersection crossings and
warning alerts, optimal traffic control, intelligent parking, and
retrieving digital content from the World Wide Web (Sarkar and Jain
2017). The model created here and altered versions with support for
logistics and supply chain dynamics are largely based on the findings
of a chapter by Javed et al. (2016) (Singh et al. 2022a). As shown in
Fig. 10.3, vehicle-to-infrastructure (V2I) and vehicle-to-vehicle (V2V)
communication are the main ITS communication routes. Also, wireless
data transmission improves neighborhood vision and security (Arena
and Pau 2019). So, these models encompass two primary ideologies,
initially on how to smarten the existing transportation system, whereas
the supply chain logistics interlink with real-time monitoring and
inventory management for better sustainable operation.

A thorough understanding of economic and environmental goals
may influence a sustainable transportation system. In order to make
decisions in a safe and efficient environment, smart traffic control
ultimately aims to develop a system that allows all automobiles,
warning signals, and command bases to communicate data with one
another (Daniel et al. 2016). Also, this movement diversified under a
smart community through driverless vehicles and automated traffic
control management (Bechtsis et al. 2018). Very specifically, hardware
modules are installed in smart cars and nearby roadside units (RSUs)
to gather, process, analyze, and disseminate real-time data and



statistics (sensors, processing units, etc.) (Ferreira et al. 2018). As a
result, a mobile ad hoc network is formed and originated.

Again, smart cities are a whole other sector where the Internet of
Things could have a considerable impact. Its attributes hold the
potential for a variety of applications, such as pedestrian and traffic
management (such as tracking traffic jams, parking lots, smart
infrastructures (roads and highways), providing instant data, traffic
hitches, weather monitoring, or road accidents), threat and risk
forecasting (such as vibrations, materials quality, and strength in
buildings, bridges, and historic constructions), noise, and lighting
(such as adaptive lighting) (Korczak and Kijewska 2019). So, the
transportation system ought to reflect on embedding the latest
technological advancement for solving traffic, congestion, and relevant
issues.

Along the main roadways, the rise in accidents is a significant issue.
In developing cities, the road network needs to be carefully planned.
Transportation in the USA is undergoing a critical revolution, made
possible by cellular vehicle-to-everything (V2X) connections. Through
V2X communications, remote sensors, and autonomous vehicles, the
automotive industry is entering a new era of linked and automated
vehicles (Raj and Appadurai 2022). The fundamental building blocks
for ubiquitous smart mobility involve metro optical networks and high-
speed wireless access technologies (Rodriguez et al. 2017). The
introduction of technological advancements such as the Internet of
Things (IoT), artificial intelligence (AI) for smart traffic management,
real-time data transmission, and safe pedestrian movement without
accidents can transform the entire transportation system.

In the second phase of this model, viz., logistics, operational
participation with intelligent transportation, inventory, warehouse
management, predictive maintenance, real-time information flow,
tracking, and monitoring consider to improve the situation (Singh et al.
2022a). Initially, the starting point for the deployment of IoT in smart
transport focuses on fleet management. For fleet management, it is
possible to gather client information about vehicle conditions and fuel
and driver behavior through sensors and in-vehicle devices (Maglaras
et al. 2016). In advance, vehicle condition monitoring can provide
valuable advance information to minimize breakdowns and logistical
delays (Gutschi 2022). Therefore, real-time access to this critical
information ensures that required maintenance can be easily detected
and carried out, even for real-time tracking and managing goods
(Sarkar and Jain 2017). In addition, IoT solutions on driver behaviors
also allow companies to analyze speed and braking patterns while



monitoring time between journeys (Maglaras et al. 2016). It also
provides real-time statistics about the exact location while identifying
any anomalies that may signal theft, delays, or driver related faults
(Singh et al. 2022b), assisting with space management (Firouzi et al.
2020; Lee 2019). Through RFID sensors tagged on products,
warehouse staff are automatically notified of dispatch and can continue
monitoring its ongoing journey (Arena and Pau 2019; Jiang et al. 2020)
and stock’s current position (Singh et al. 2022b). Since ensuring all
stock is in the right truck and on the way to the correct destination is
the bread and butter of logistics (Boysen et al. 2021), the entire
process can be optimized from stock order to final shipment to reduce
costs and boost overall profits. Overall, the benefits of upgrading to
smart logistics can be felt at every level of the supply chain.

10.8 Tentative Prediction About the Future

Transportation

Predictions state that automated vehicles will be merged with a range
of sensing technologies, guidance, control, and movement planning
algorithms during the next 10 years to support drone transportation
(Raj and Appadurai 2022). For instance, to actively foster an
environment that would support the growth of smart transportation,
the Chinese government has aggressively proposed new policies.
Indifferently, sustainable mobility relates to transportation modes and
planning systems consistent with general sustainability issues
(Kazancoglu et al. 2021; Shamsuddoha et al. 2021). In essence, it will
promote equity within and between succeeding generations while
enabling basic access and development needs of individuals,
businesses, and society to be safe and sustainable (Dugan et al. 2022).
Thus, the following table encompasses the summarized view of
transportation practice and innovation toward sustainability (Table
10.3).

Table 10.3 Transportation practice and innovation toward sustainability

Author Findings/subject

matter/focus/suggested measures

Sustainability issues

Kou et al. (2022) Solar energy Reduce carbon emissions,
sustainable production, and
consumptionSarkar et al.

(2022) and Liu
et al. (2022)

Biofuel

Ishaq et al.
(2022)

Hydrogen



Author Findings/subject

matter/focus/suggested measures

Sustainability issues

Odilov (2022) Synthetic fuel
Agarwal and
Valera (2022)

Electro-fuel

Jiang et al.
(2022) and Sun
et al. (2022)

Alternative energy usage

Wang et al.
(2022) and
Cheng and Hu
(2022)

Efficient use of renewable energy

McLeod and
Curtis (2022)

Counterintuitive road safety dynamics Health safety (accident issues,
increased road safety)

Abou El Hassan
et al. (2022)

5G automotive association

Abduljabbar et
al. (2021)

Micro-mobility transportation

Raj and
Appadurai
(2022)

Combine ICT and the internet of things
(IoT)

Sharma and
Maherchandani
(2022)

Traffic management system (TMS) by
artificial intelligence and data analysis

Traffic management for decent
work and economic growth

Paul and Mitra
(2022)

Traffic signal management

Nguyen and
Mogaji (2022)

Big data-based intelligent
transportation systems that interact
with vehicles and people

Zhang et al.
(2022)

A method based on deep reinforcement
learning

Real-time tracking and decision-
making for resilient infrastructure
and sustainable citiesXu et al. (2022) Electric vehicles with power

transportation networks
Nie and
Farzaneh (2022)

Artificial neural network-based energy
consumption model

Badidi (2022) Blockchain-based trustworthy
communications and trading between
vehicles and smart energy trading

According to the literature, sustainability encompasses more than
just operational effectiveness and emissions, for instance, sustainable
driving habits (Ercan et al. 2022; Shamsuddoha and Woodside 2022;
Shamsuddoha 2015) and energy efficiency (Gutschi 2022; Sharifi et al.
2022). On the other hand, green vehicles are designed for lower
ecological impact than regular vehicles. However, this may not always
be the case when a vehicle’s environmental impact is evaluated



throughout its life cycle (Sasaki et al. 2022). For this green movement,
the electric vehicle technique significantly reduces transportation-
related CO2 emissions, depending on how much energy is incorporated
in the vehicle and where the electricity is generated (Bharathidasan et
al. 2022). In countries where coal makes up a sizable portion of
electricity production, adopting electric vehicles has little to no
positive effects on the environment. For instance, a Nissan Leaf
emitted one-third fewer greenhouse gases than the average internal
combustion vehicle in the UK in 2019 (Sotnyk et al. 2020). So, the
benefits to the environment vary widely and depend on several factors,
including vehicle size, electricity emissions, driving style, and even the
weather (Dong et al. 2022).

Green vehicles are marginally more fuel-efficient than conventional
ones, yet they still contribute to traffic congestion and auto accidents.
In reality, many people who have experienced the highest levels of
vehicle noise, pollution, and safety risk are those who don’t own cars,
are unable to drive cars, and are severely burdened financially by the
cost of car ownership (Luz and Portugal 2022). Traditionally, diesel
buses used in well-utilized public transportation networks consume
less fuel per passenger and take up less space on the road than private
vehicles do (Yeh et al. 2022). As a result, the use of sustainable
transport has a beneficial effect on social benefits as long as there are
economic benefits, leading to smart logistics in particular and efficient
supply chain operations in general.

10.9 Conclusion

Smart transportation mobility offers substantial social and economic
benefits that could speed sustainable development. For instance,
communities that successfully improve the sustainability features of
their transportation systems do so as part of a more significant effort
to create livelier and more vibrant cities. But a real option to save time
and money from home and government budgets is also advisable for
investing in sustainable transport for a “win-win” situation. Owing to
that fact, this chapter identifies the sophisticated development of
transportation networks by reviewing the literature to include
applications and standards that address most environmental pollution
problems. Moreover, the revised model incorporates the most
revolutionary scenario for the advancement of transportation systems
with multifaceted images supposed to support sustainable
development. Ultimately, this review has inspired academics and
policymakers to adopt a new perspective on vehicle-to-everything



(V2X) for a sustainable future. Such theoretical development
encourages the concerned transportation agencies (manufacturer and
user) to think about smart and intelligent technologies and system
applications for a better and sustainable future. Also, such green
initiatives will help the business processes to gain logistical and supply
chain efficiency. Future research should consider the complexity of
supply chains covering all aspects of supply chain management and
operational excellence. As a result, the ultimate solution will emphasize
tracking and enhancing sustainability throughout the transportation
system’s advanced movement.
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