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Abstract

Green supply chain management (GSCM) has been proposed as a potential
remedy for business sustainability-related issues. This study offers key green
practices that may be applied at the strategic, operational and tactical levels in
order to combine conventional supply networks with sustainable supply chains.
When establishing the criteria, professional opinions were taken into account
in order to identify pertinent components. The analytic hierarchy process has
been used to assess the relative weights and relevance of the GSCM criteria.
The expert opinions from academic and industrial specialists were used to make
pair-wise comparisons. Green practices have been prioritised, and a framework
with 4 major factors and 16 sub-factors has been proposed for making intelligent
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judgements. Findings point out that top leadership commitment to sustainability-
related issues, legal compliance, environmentally friendly design, green
purchasing, health and safety, and regulatory compliance practices are crucial
for implementing sustainability across the supply chain. It might be claimed that
adopting GSCM practices can boost a company’s long-term performance while
also increasing its operational eco-efficiency reaping cost and efficiency benefits.
The results of the study would assist GSCM practitioners in selecting appropriate
strategies in consonance with the governing rules and regulations and customers’
requirements.

Keywords

Green supply chain management, environmental factors, social factors, analytic
hierarchy process, strategic initiatives

Introduction

In the highly competitive economic climate of today, corporations cannot afford
to disregard environmental problems. Green concerns now have a prominent
position in industrial companies’ strategic planning agendas as a result of increased
government restrictions and higher public demands for environmental
accountability. Further, due to increasing outsourcing in several sectors and rising
globalisation, business today operates and competes on a supply chain (Abdallah
& Al-Ghwayeen, 2020; Beamon, 1999; Gawusu et al., 2022; Haiyun et al., 2021;
Micheli et al., 2020; Roh et al., 2022). This predicament has resulted in a supply
chain that is resource-intensive, extractive and long-term unsustainable. A crucial
tactic for companies striving to become environmentally sustainable recently
emerged as the integration of social and environmental aspects into supply chain
management. The combination of supply chain management and environmental
management has only lately started to be referred to as ‘green supply chain
management’ (GSCM). The importance of GSCM is rising for many firms as
‘green’ concerns are pushed by consumers and regulatory frameworks (Assumpgao
et al., 2022; Haiyun et al., 2021; Ilyas et al., 2020; Lee, 2008; Luthra et al., 2014a,
2014b). It is a concept that is gaining traction due to its dedication to corporate
and business sustainability (de Oliveira et al., 2018; Micheli et al., 2020). It is
viewed as a method for improving economic performance and competitive
advantage while simultaneously lowering the use of chemicals and hazardous
materials, energy usage, waste generation and pollution (Gawusu et al., 2022;
Tumpaetal., 2019). Thus, in businesses worldwide, GSCM practices are gradually
becoming a primary strategic focus and a crucial component of corporate strategy
(Abdallah & Al-Ghwayeen, 2020).

Strategic planning in the context of GSCM refers to the identification of
relevant goals and the design of long-term management strategies for those goals.
GSCM is viewed as an effective approach for companies to achieve profit and
market share goals since it lowers their environmental risks and repercussions
while enhancing their ecological efficiency (Kumar et al., 2012). Selecting the
right green practices is one of the most important phases in integrating
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environmental practices into a conventional supply chain (Hsu et al., 2013; Ilyas
et al., 2020; Tumpa et al., 2019). The linkage between business performance,
supply chain strategy and environmental strategy was investigated by Wu et al.
(2012). To improve business success, they recommended that supply chain and
corporate environmental initiatives be coordinated. Thus, decision-makers in
supply chains are responsible for creating sustainability orientations for reducing
liabilities based on numerous considerations related to economic, environmental
and social concerns.

Of late, businesses have started to recognise the need of putting environmental
sustainability policies into practice due to growing regulatory, competitive and
marketing constraints (Roh et al., 2022; Tumpa et al., 2019). Even while neutrality
is presently sought only against external stakeholders and not against enterprises'
internal greening activities, the role of environmental concerns in competitive
strategy is still viewed as neutral. Businesses engage in green improvement
programmes because they want to match up with rival businesses or meet the
demands of consumers, regulators, investors, interest groups and the local
community. Manufacturing businesses must implement green strategies as society
grows more environmentally conscious and concerned, if they are to fulfil their
objectives effectively and economically. Green practices must be used in order to
open up opportunities for sustainability in order to handle the growing sustainability
concerns. Understanding the several green features that might help firms align
sustainability in a supply chain context is crucial. The identification of projects
that may be used to achieve the triple bottom line (economic, environmental and
social) goals of the organisation is crucial for the effective implementation of
sustainability in a supply chain. Therefore, this paper aims to understand

(1) The key green practices for introducing sustainability interventions in a
supply chain.

(i1) Introducing a framework through a construct design based on the analytic
hierarchy process (AHP) on achieving the performance on the triple
bottom line.

(iii) To recognise and rank the key strategies that help to achieve an effective
adoption and implementation of GSCM.

With these considerations in mind, this research suggests using AHP, an multi-
criteria decision making (MCDM) approach, to assess the various GSCM criteria.
The article presents and proposes a thorough methodology for implementing
GSCM. It assesses environmentally friendly supply chain management strategies
through a comparative study including a sample of industries. Four main constructs
are the centre of the theoretical framework encompassing the organisational
commitment, business operations, social aspect and environmental aspect.

The rest of the paper is structured as follows. The second section examines the
relevant literature on GSCM practices, which provides a foundation for identifying
significant GSCM elements and implementation methodologies. The third section
describes the research framework and methodology. The fourth section covers the
results and discussion. The conclusions of the study and the limitations are
discussed in the final parts, along with some recommendations for the scope and
direction of future research on the subject.
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Literature Review

In an organisation, sustainability interventions may be made in a variety of ways,
from the early phases of policy creation through their implementation in regular
company operations. Organisational commitment to environmental and social
considerations is one cutting-edge green practice in coordinating supply chain
operations towards a greener supply chain. Hoejmose et al. (2012) assert that
senior management support is one of the factors that act as a strategic facilitator
to sustainability initiatives, making it essential to engage in strategic thinking on
sustainability-related objectives to move towards greening endeavours. Top
management leadership and their commitment to the risks connected with
sustainability, environmental compliances, policy and planning may be
advantageous for organisations that are focused on sustainability. It is also cited as
being essential for combining sustainable practices with business operations
(Assumpgao et al., 2022; Gawusu et al., 2022; Haiyun et al., 2021; Handfield et
al., 2002; Lee, 2008; Micheli et al., 2020). Green supply chain (GSC) practices
that are integrated into multiple business process segments result in a coordinated
GSC. According to Sarkis et al. (2011), GSCM refers to the interorganisational
practices of sustainable supply chain management including reverse logistics.
Despite differences in definitions, a number of commonly used terms are still
used to characterise GSCM, such as ‘green purchasing and procurement’ (Min &
Galle, 2001), ‘green logistics and environmental logistics’ (Murphy & Poist,
2003), ‘supply chain environmental management’ (Sharfman et al., 2009) and
‘sustainable supply network management’ (Assumpgao et al., 2022; Ilyas et al.,
2020; Yuang & Kielkiewicz-Yuang, 2001).

Environmental rules are considered to be yet another essential instrument that
may help raise environmental performance while attempting to comply with legal
requirements (Abdallah & Al-Ghwayeen, 2020; Ilyas et al., 2020; Lee et al.,
2009). Businesses are encouraged to adopt GSCM practices by government rules
and legislation (Drohomeretski et al., 2014; Mudgal et al., 2010; Tumpa et al.,
2019). Regulation-compliant environmental standards can promote industry
competition, increase profitability and improve environmental performance
(Gawusu et al., 2022; Green et al., 2012). The necessity for organisations to boost
operational effectiveness in order to satisfy environmental regulations may also
boost the firm's competitiveness. Green practices are considered crucial for
integrating sustainability into core business processes, which over time can have
benefits such as cost and risk reduction (Roh et al., 2022; Zhu & Sarkis, 2004;
Zhu et al., 2010). Green production methods including optimum resource
utilisation (water, energy and raw materials), the use of non-hazardous materials,
recyclable goods and compact designs with enhanced functionality are included
in manufacturing as well as design for the environment (DfE) practices at the
product design stage. Chiou et al. (2011) and Zhu et al. (2007) discussed initiatives
such as design for greener items and greener processes in order to increase the
profitability and efficiency of production. A crucial industry for implementing
sustainable practices, according to research, is logistics. By using recyclable
packaging materials, reducing the need for packing and employing routing
software to speed up logistics, a company's environmental footprint at the
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distribution stage of the supply chain may be greatly decreased (Assumpg@o et al.,
2022; Meera & Chitramani, 2014; Roh et al., 2022;). Purchasing raw materials or
components from ‘Green Partners’ that fulfil green partner environmental quality
requirements and pass an audit method in ISO14000, OHSAS18000 and/or RoHS
laws is one of the practices for sustainable procurement (Guang Shi et al., 2012;
Ilyas et al., 2020). Reduced material use, closed-loop production and the use of
inputs with relatively less negative environmental effects are some of the other
operations-related interventions (Abdallah & Al-Ghwayeen, 2020; Thun &
Miiller, 2010). Thus, environmental standards and certifications may be just as
important as environmental legislation in helping to implement sustainable
solutions.

Dubey et al. (2015a, 2015b) recognised social sustainability as a driving
element for GSCM together with environmental interventions, notably with
respect to ethics, working conditions, human rights, safety and community
participation. Social responsibility is becoming a key component of creating a
global competitive advantage. Businesses are proving their dedication to
environmentally friendly practices as a result of growing public concern and
awareness for such practices (Fahimnia et al., 2015a, 2015b; Seuring & Miiller,
2008; Srivastava, 2007). Greener goods are being developed by manufacturers to
meet customer demand and stay competitive in the market. According to Seuring
and Miiller (2008), stakeholders including clients, investors, regulators and non-
governmental organisations (NGOs) are increasingly pressurising businesses to
change the way they do business. The need for sustainable or GSCM has increased
as a result of these factors. Thus, it is essential to map the whole supply chain and
include environmental management capabilities in a conventional supply chain
through prioritisation.

Organisational environmental policies developed by management and a
supportive organisational culture towards GSC initiatives are the key facilitators
of GSC management practices (GSCMP) implementation (Luthra et al., 2014a,
2014b; Micheli et al., 2020). Lower operating costs, more efficiency and improved
brand awareness etc. are the primary factors or motivators for a supply chain to go
green. However, the practitioners are not yet prepared to use GSCMP across the
board. The lack of environmental consideration and strategies is viewed as a
major impediment to GSCMP implementation. This can be attributed to the non-
availability and access to comprehensive and simple-to-use tools for evaluating
the environmental performance of green materials. Further, the lack of expertise
of industry practitioners in adopting GSCMP increases the initial cost of GSC
programmes that may act as a hindrance. This eventually leads to the tendency to
exaggerate the extra expense associated with GSCMP projects. Further, the
implementation of GSCMP will be negatively impacted by industry personnel's
false perceptions of their environmental duties. Experts and administrative
members who are unaware or ignorant of environmental issues and concerns also
hinder GSCMP efforts and the espousal of sustainable practices and the growth of
green industries (Al Zaabi et al., 2013). Without collaboration amongst all
business departments, GSC efforts cannot be executed successfully (Abdallah &
Al-Ghwayeen, 2020; Luthra et al., 2016). Employing green materials can
occasionally be uncomfortable, which discourages practitioners from putting
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GSCMP into practice. Several industries are not interested in a GSC because
green products perform poorly in terms of cost-benefit and compatibility.
Moreover, the absence of required ecologically friendly items might substantially
discourage businesses from implementing GSCM (Lorek & Spangenberg, 2014;
Tumpa et al., 2019). Another problem is that consumers do not know much about
green products or they focus more on price and quality (Gawusu et al., 2022; Kaur
& Awasthi, 2018; Lorek & Spangenberg, 2014; Roh et al., 2022). The market's
desire for green products is, therefore, uncertain. This uncertainty makes the
adoption and implementation GSCMP initiatives difficult for the practitioners
(Luthra et al., 2014a). Furthermore, previous research indicates that, while the
lowest price is the most important consideration in low-cost nation sourcing, the
suppliers' ability to implement a GSC is frequently disregarded throughout the
supplier selection process. As a result, enterprises in developed nations prioritise
obtaining the highest possible price for their products as their primary competitive
advantage (Roh et al., 2022). In other words, it is more difficult for businesses in
emerging nations to use GSCMP when there is no customer demand.

This study uses the AHP, often known as the AHP a multi-criteria decision-
making method developed to deal with complex problems incorporating a
number of criteria (Saaty, 1977, 1980; Saaty & Vargas, 2012). It is a useful and
flexible tool for assisting decision-makers in prioritising tasks and selecting the
best course of action while taking into consideration both qualitative and
quantitative aspects of a scenario. The AHP breaks down the decision-making
process into a hierarchical structure and employs pair-wise comparison matrices.
It is a useful technique for analysing decision alternatives, selecting the best
options based on the preferences of the decision-maker and rating them (Saaty
& Vargas, 2012). The approach ranks the criteria in accordance with the relative
importance of the factors impacting decision-making. Researchers have used
the AHP technique to study supply chain characteristics, including supplier
selection, green practices drivers and obstacles, and green purchasing and
procurement (Chan et al., 2014; Ilyas et al., 2020). Handfield et al. (2002)
recommended making environmentally responsible purchases based on AHP.
Sarkis (2003) used ANP to develop a six-dimension strategic decision framework
for managing a GSC. Lee et al. (2009) simulated the capabilities of green
providers and the ensuing assessment and selection using Delphi and fuzzy
extended AHP. In order to assess the usage of AHP, Vinodh et al. (2013) did a
case study of an Indian manufacturing company and used AHP to choose the
optimal lean concept. Many authors have employed different multiple criteria
decision-making techniques to execute the GSCM, with the AHP 2005 being
one of them (Dey & Cheffi, 2013; Haiyun et al., 2021 Hsu & Hu, 2008; Ilyas et
al.,2020; Mangla et al., 2015; Mathiyazhagan et al., 2013; Sarmiento & Thomas,
2010; Wang et al., 2013).

The literature highlights some innovative practices that firms have started to
adopt that aids to greening of supply chain such as the implementation of an
environmental management system, strategies for green procurement, adoption of
green design practices, making use of environment-friendly ingredients, process
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optimisation, development of green product and use of innovative green practices
such as environmentally responsible product packaging and labelling, and use of
environmentally friendly distribution and transportation. Table 1 shows the
relevant factors considered in the literature for GSCM.

Table I. Relevant Factors for GSCM.

Constructs/
Aspects Factors Definition
Organisa- Support and It defines the commitment of the top management
tional com-  commitment in supporting green initiatives.
mitment from leadership
Total quality It identifies the application of quality management
environmental principles in bringing in eco-efficiency in the indus-
management trial systems and processes.
Environmental Conformation to environmental laws, regulations
compliance and  and standards related to environmental attributes.
auditing Setting up of environmentally conducive policies
needed to meet the compliances. Environmental
audit can be one of the ways to measuring confor-
mance to compliances.
Training Training programmes to build capacity of the
programmes for employees and other stakeholders in bringing envi-
employees ronmental improvements.
Business Design for It is the foremost criteria in imbibing sustainability
operations environment in product and processes.The green design philoso-

Sustainable
procurement

Green
production

Eco-friendly
packaging and
logistics

phy can be brought about by adopting cradle to
cradle approach.

Sustainable procurement aims at setting envi-
ronmental criteria’s while purchasing goods and
services. Purchasing decisions must meet the envi-
ronmental objectives of the organisation to ensure
least environment impact.

Green production involves practices and tools nec-
essary to minimise the environmental impacts of
manufacturing processes. It works on the principles
of industrial ecology, cradle to cradle, life-cycle
analysis and green design.

Eco-friendly packaging involves increased use of
life-cycle inventory and life-cycle assessment to
help guide the use of packaging which reduces the
environmental impact and ecological footprint.
Supply loop management, green logistics or reverse
logistics can be one of the ways in ensuring greener
logistics.

(Table 1 continued)
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(Table I continued)

Constructs/

Aspects Factors Definition

Social aspect  Supplier and Involves assessment of suppliers on environmental
distributor as- criteria, viz., resource use, material consumption,
sessment waste generation, greenhouse gas (GHG) emissions

and social factors.

Health and Safety and health-related risks and interventions
safety along the supply chain.

Role of govern-
ment and NGOs

Responsible
investing

Involves role of government organisations and
NGOs in greening business operations and impacts
across the value chain.This involves networking
with the external stakeholder’s in improving busi-
ness impacts on environmental and social bottom
line.

Responsible investment governs investment ap-
proaches that integrate environmental, social and
governance in the financial decision-making.

Environmen- Renewable en- Renewable energy and energy efficiency are the
tal aspect ergy and energy technical interventions which can help in decar-
efficiency bonising the economy. Thrust on RET and EE can
help in generating revenues and mitigating climate
change-related issues.

Green buildings  Green building refers to environmentally benign
design in the building to lessen the environmental
impacts of structures. This can begin from siting to
design phase, construction, operation, maintenance
and renovation to demolition stage.

GHG emissions  GHG emission and carbon footprint are mecha-

and carbon nisms to measure and manage corporate carbon

foot-printing emissions.

reporting

Environmental KPIs are metrics which help in identifying and as-

key performance sessing the status of the organisation in implanting

indicator (KPI)  green practices. KPI can be based on quantum of
ratings material consumption in an organisation, percent-
age of materials recycled, percentage of water
recycled and reused, direct and indirect GHG emis-
sions by weight, internal audit scores and percent-
age of renewable resource used.
Methodology

With the aim of developing a practical model, in-depth analysis of the existing
literature as well as unstructured interviews with business executives, academics,
consultants and sustainability experts were conducted. The process contributed to
the development of a set of pertinent criteria required for evaluation taking into
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account the social, economic, technological and environmental concerns. The
assessment criteria were created from the viewpoint of the decision-making team,
and surveys were sent. As a result, more objective evaluation standards may be
examined. In addition, a survey was conducted to determine the GSCM standards.
As a consequence, the current study accepted and considered the criteria from a
literature review as well as professional viewpoints.

The current study is divided into two stages: first, identifying the criteria to be
utilised for alternative evaluation and second, performing the AHP computation,
in which weights were assigned to the criteria and their relative relevance was
determined. In a natural, pair-wise approach, the AHP technique makes a relative
comparison of the criteria or alternatives to a criterion. It does this by employing
a fundamental absolute number scale that has been demonstrated in use and
supported by physical and choice problem tests. When compared to other scales
used for the purpose, the basic scale captures individual preferences for both
quantitative and qualitative features equally well or better. It converts each
individual's choices into ratio scale weights that may be put together to generate a
linear additive weight for each alternative. The outcome can be used to rank and
compare possibilities, assisting the decision-maker in making a choice. Table 2
shows the list of criteria that were taken into consideration for the study based on
the literature support.

Data Collection

This study conducted a comprehensive search of academic journals, databases and
bibliographical sources related to the topic of GSC practices. A thorough literature
search of real-world case studies on GSCM practices and their implementation was
carried out to identify the key driving forces behind the decision to choose and the
final implementation of green practices. A well-structured standardised questionnaire
was developed and administered to the experts who rated and ranked all the criteria.
The responses given by the several experts in this field were categorised according
to industry. The six sectors that were chosen and categorised were consulting,
banking, IT, FMCG, energy and telecom. Consulting refers to the remarks and
responses given by experts who have cross-functional domain expertise across
many businesses. Each aspect was studied with respect to the industry type as to
which of the aspects and factors are important and critical to their respective supply
chains in increasing the green quotient.

The next two phases in which the data are used are outlined. The idea (aspects)
and its constituent parts are first determined through a literature study in order to
arrive at the multivariable criteria for an efficient (green) supply chain. After
expert examination, 16 practices in total were chosen for further evaluation to
determine their relative importance utilising AHP (Tables 3-7). A survey
questionnaire with four main elements defining the sustainability in the supply
chain and various sub-factors was developed in order to gather data for this
(Figure 1). This poll solicited responses from several business experts in the
supply chain, environment, social, sustainability and climate change domains.
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Table 2 Environmental and Social Evaluation Criteria Used in the Study.

Factors

Sources

Support and commitment
from leadership

Total quality environmental
management

Environmental compliance
and auditing

Training programmes for
employees

Design for environment

Sustainable procurement

Green production

Eco-friendly packaging and
logistics

Supplier and distributor
(stakeholder) assessment

Health and safety

Role of government and
NGOs

Responsible investing

Renewable energy and
energy efficiency

Green building

GHG emissions and car-
bon foot-printing reporting

Environmental KPI ratings

Dashore and Sohani (2013), Rha (2010), Biiyiikézkan and
Cifci (2012), Luthra et al. (2016), Zhu and Sarkis, (2007),
Abdallah and Al-Ghwayeen (2020), Gawusu et al. (2022)

Rha (2010), Green et al. (2012), llyas et al. (2020)
Rha (2010), Min and Galle (2001), Tumpa et al. (2019)

Bowen et al. (2001), Darnall et al. (2008), Menzel et al.
(2010), Mathiyazhagan et al. (2013, 2014);Toke et al.
(2012),Roh et al. (2022)

Kumar and Chandrakar(2012), Kuo et al. (2012),Wang et
al. (2013),Haiyun et al. (2021)

Chen et al. (2012), El Tayeb et al. (201 1), Min and Galle
(2001),Yuang and Kielkiewicz-Yuang (2001),Micheli et al.
(2020), Roh et al. (2022)

He et al. (2007), Rha (2010), Liu et al. (2005), Sangwan
(2006), Micheli et al. (2020), Roh et al. (2022)

Beamon (1999), Chhabra et al. (2017), Micheli et al.
(2020), Roh et al. (2022)

Bali et al. (2013), Hsu and Hu (2008), Lu et al. (2007),
llyas et al. (2020)

Cosimato & Troisi (2015), Mutingi (2013), Guang Shi et
al. (2012), Micheli et al. (2020), Roh et al. (2022)

Vermeulen and Kok (2012), Haiyun et al. (2021)

Flammer (2013), Rha (2010), Henriques and Sadorsky
(1996), Micheli et al. (2020), Roh et al. (2022)

Liu et al. (2005), Sangwan (2006), Haiyun et al., (2021)

Theaker and Cole (2001), Tumpa et al. (2019), llyas et al.
(2020)

Pattara et al. (2012),Young et al. (2012), Micheli et al.
(2020), Roh et al. (2022)

Hervani et al. (2005), Dey and Cheffi (2013),Azevedo et
al. (201 1), Shaw et al. (2010), Tumpa et al. (2019), Micheli
et al. (2020), Roh et al. (2022)

The research framework consisting of hierarchical levels employed in the

current study has been shown in Figure 2. The purpose, criteria, sub-criteria and
alternatives/factors of the AHP approach are broken down into the problem's aim,
according to Saaty (1980) and Dey and Cheffi (2013). The hierarchical structure
(Figure 2) consists of three tiers: Level 2 evaluates the relative value of the four
categories of GSC practices, Level 3 evaluates the relative value of the 16
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Identification of green practices
using literature and experts inputs

Finalisation of green practices
through expert inputs

Priortisation of selected green
practices using AHP

Managerial and practical
implications

Figure | Decision Hierarchy of Green Practices for GSCM.

sub-practices and Level 1 evaluates the GSC practices themselves. Weights were
given to each category of green practices in pair-wise comparison matrices in
order to determine the relative significance.

The stepwise procedure employed in this study is detailed below.

Step 1: Establishing the goal

By identifying green practices (environmental and sustainability factors), the goal
of making the supply chain more environmentally friendly was reviewed.

Step 2: Establishing the hierarchical framework

After establishing the hierarchical structure comprising decision components, the
decision-makers were asked to assess option alternatives and criteria pair-wise
using a scale.

Step 3: Developing the pair-wise comparison matrix

Next, the pair-wise comparison matrices set was developed. The elements in the
level directly underneath each element in a higher level were compared to each
other.

Step 4: Calculating the eigenvalues, eigenvectors and relative importance
weights
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Figure 2 .Hierarchal Levels Representing the Factors and Sub-factorial Structure of the
Construct.

Eigenvalues and eigenvectors were calculated using pair-wise comparison
matrices that were analysed to determine the relative relevance of the factor
weights.

Step 5: Calculation of consistency ratio

The consistency index (CI) was computed for each matrix using Equation (1),
while, Equation (2) was used to determine the consistency ratio (CR) based on the
CI and random consistency index (RI).

The CI and CR are defined as follows:
CI for each matrix of order n by the equation:

CI=(Amax —n)/(n—1), where Amax is the maximum average value )
The CR is then computed using the following equation:
CR =CIRI @

Where depending upon the order of matrix RI varies accordingly.

If the value of CR is equal to or less than that value, or if it implies a high
degree of consistency in the comparison assessments represented in that matrix,
the evaluation inside the matrix is judged to be acceptable. In contrast, if CR
exceeds the allowed number, there has been some discrepancy in the evaluation
process and has to be evaluated, reassessed and improved. When ranking a
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collection of criteria, a decision-maker's dependability is improved by having an
adequate CR.

Result and Discussion

In order to rate the GSCM practices, the study used an analytical hierarchical
framework. Organisational commitment, company operations, social aspect and
environmental aspect were all assessed against one another on a pair-by-pair
basis. The construct comprises 16 auxiliary factors in addition to 4 core variables.
Pair-wise comparisons were performed for each category of GSC practices, and
relative weights were established (Tables 3—6).

Organisational Commitment

GSCM mechanism aids in the integration of environmental issues into the supply
chain management process starting from the product development stage to its
final delivery.

The AHP table shows that leadership support and commitment are among the
most important and beneficial factors for a firm to start greening its supply chain
when comparing the four main components of this component across all industries.
The internal management role play can be seen as a tactical facilitator for attaining
the goals of GSCM implementation. A supply chain’s sustainability may be
considerably increased while reducing risks and liabilities by setting long-term
strategic goals. As stated by senior management and its leadership, GSCM adoption
in any organisation should ideally come from the business philosophy of the
company (Abdallah & Al-Ghwayeen, 2020; Dubey et al., 2015a, 2015b; Haiyun et
al., 2021; Lorek & Spangenberg, 2014; Luthra et al., 2016; Micheli et al., 2020; Roh
et al., 2022; Tumpa et al., 2019). The findings of the current study also support the
same notion. The engagement of senior management, commitment to implementing
environmentally friendly practices and responsibility towards environmental goals
are, therefore, necessary for creating a roadmap for becoming green (Assumpgao et
al., 2022; Haiyun et al., 2021; Ilyas et al., 2020; Luthra et al., 2016). Top-level
commitment may assure access to any necessary financial and human resource
investments. Strong governance structures and strong commitment from decision-
makers are crucial for a company to pick sustainability measures that directly
support the business goals. Thus, in order to embrace sustainability efforts in supply
chains, top management must be committed to going beyond compliance and
regulation, and the government must play a role through legislation.

Environmental compliance and audits rank as the second-highest priority in
the area of organisational commitment. It is evident that regulations, laws,
standards and audits are evolving as part of compliances, which are the main
facilitators in dictating environmental measures (Malviya & Kant, 2016; Micheli
et al.,, 2020; Roh et al., 2022; Tumpa et al., 2019). In order to enhance
environmental and economic performance, the organizations must redesign
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their processes and revamp their systems to become compliant in their business
operations (Gawusu et al., 2022; Koh et al., 2012; Lee et al., 2009). According
to Drohomeretski et al. (2014) and Mudgal et al. (2010), it may be used as a
framework for analysing current practices and implementing strategies that
satisfy environmental criteria. Environmental compliance and audits give better
insight into the compliance status of a facility and its operations. These can be
used to identify environmental liabilities related to a facility's operations, such
as sloppy maintenance, careless handling, storage, disposal of hazardous
materials, operational inefficiencies, faulty or misused equipment that results in
spills or releases of hazardous materials, risks to human health, or improper
permitting and recordkeeping that can lead to fines and the loss of a company's
operating licence.

Business Operations

When comparing the four primary components of this characteristic across all
industries, DfE has the greatest value. The DfE concept promotes the idea that
environmental issues should be considered at every level of the manufacturing
process. The functionality viewpoint includes design for recycling (RECY),
manufacture (REMAN), reuse (REUSE), disassembly (DISASS), and disposal
(DISP). If goods are to considerably minimise environmental damage throughout
the course of their existence, environmentally friendly technologies must be
adopted from the beginning of the design process onward. Planning for the
environment may also be very profitable when the product is still in the operating
stage. DfE tools can assist in decreasing the efforts required for environmental
evaluation because of their direct integration into the designer’s workflow.

The second most significant argument in favour of greening operations was
found to be sustainable procurement. Two instances of GSCM tactics include
local sourcing and buying eco-friendly products. Given the concept of global
supply chains, where producers and buyers are distributed around the world, local
sourcing may be a positive practice that is connected to sustainability. Sustainable
purchasing is given a high emphasis by businesses nowadays. It may promote
competitiveness, cut down on waste, boost profitability and improve a company's
reputation. By sourcing items, they might support the growth of the local economy
and the creation of jobs. It also encourages cost reductions and revenue growth.
According to Teixeira et al. (2016), one of the simplest methods to implement
green practices is through green buying. It minimises the environmental impact
while maximising economic and social value by adding pertinent sustainability
factors into the procurement practice. As logistics and transportation operations
contribute 5.5% of the world’s carbon emissions, focusing on these activities may
have a major influence on a company's GHGs emission and carbon footprint.
Therefore, from a sustainability standpoint, logistics-related operations can
significantly affect the performance of the supply chain. To enhance environmental
performance throughout the logistics stage of the supply chain, transportation
efficiency, route optimisation and storage may be used.
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Social Aspect

Health and safety has the highest value when the four parts of this element are
evaluated across all sectors. Taking care of health and safety issues may be seen
as a way to increase staff productivity, which is advantageous for the company.
The second most crucial factor is the appraisal of suppliers and distributors. As a
result, suppliers are one of the key stakeholders and significant contributors to
greening supply chains (Malviya & Kant, 2016). The cooperation of suppliers at
the upstream and distributors at the downstream of the supply chain is essential to
achieving the anticipated environmental goals. Businesses are using a multitude
of regulatory inspections and processes to ensure that suppliers follow
environmental norms and criteria (Abdallah & Al-Ghwayeen, 2020; Haiyun et al.,
2021; Tumpa et al., 2019). Walton et al. (1998) developed a strategy for greening
the supply chain and advocated for supplier’s participation in environmental
management practices. Hervani et al. (2005) developed an integrated framework
for the analysis, creation and assessment of GSCM performance tools. By
incorporating external stakeholders, they might be linked to proactive supply
chain interventions and could be crucial to business operations that are
environmentally friendly. Increased environmental performance, capacity
expansion and minor operational improvements are only a few benefits of an
effective supplier assessment procedure (Assumpcao et al., 2022; Gawusu et al.,
2022; Haiyun et al., 2021; Ilyas et al., 2020; Micheli et al., 2020; Roh et al., 2022;
Zhu et al., 2013). The benefits frequently involve purchasing from suppliers who
provide high standards for product and service levels together with enough
capacity and commercial stability, according to Zhu et al. (2013). Noci (1997) has
created the performance standards for the green supplier selection procedure.
Shen et al. (2013) recommended evaluating the green suppliers using a fuzzy
method. Finding and eliminating supply chain-hidden cost drivers can be aided by
customer and supplier assessment. To build a variety of suppliers and enhance
environmental performance, supply chain strategies can be adopted, such as those
that are risk- or opportunity-oriented. A strategic approach to managing supplier
relationships is a consideration at each stage of this process and is a key enabler
for creating mutual value.

Environmental Aspect

When comparing the four key variables of this feature across all industries, the
AHP table revealed that renewable energy and energy efficiency (0.350) had the
highest value, making it the most important and important element. One method
of transitioning to a low-carbon economy in an environmentally friendly approach
is energy management. Energy efficiency may be seen as a low-hanging fruit,
with the potential to drastically reduce energy waste and carbon emissions through
optimising energy usage through better housekeeping, technological development,
retrofits or technological innovation. In response to the world's rising energy
requirements and concerns about climate change, the transition to renewable



Kharat et al. 19

energy technologies is opening up new possibilities for alleviating pressure on
conventional sources of energy. Investment in the technologies advocating
renewable energy is another initiative that can lessen the environmental footprints
that traditional energy sources leave behind on a global scale. When this is seen as
a strategic asset as opposed to a tactical investment, it may result in cost savings
and reduced risk throughout the supply chain.

The second most crucial factor is the environmental KPI rating (0.310). The
degree to which sustainability goals and targets have been met in real practice
may be determined using KPIs (Abdallah & Al-Ghwayeen, 2020; Haiyun et al.,
2021). Well-defined supply chain performance indicators can help with
environmental quality measurement and management. Performance indicators
based on environmental elements such as GHG emissions, health and safety,
resource consumption (energy, water and materials), waste reduction, stakeholder
engagement, product quality and material handling can be set to measure a
company's performance along the triple bottom line, in accordance with Harms et
al. (2013). Many conceptual frameworks for integrating social and environmental
responsibility issues into performance measurement systems have been created
and employed. The establishment of KPIs on environmental and social qualities
has been advocated in earlier research studies (Assumpgao et al., 2022; Gawusu
et al., 2022; Haiyun et al., 2021; Ilyas et al., 2020; Searcy, 2012). Further, these
KPIs can be used in the performance measurement framework to benchmark the
company’s sustainability endeavours.

Green supply networks are thought to benefit greatly from measures such as
GHG emissions and carbon footprint. The GHGs emitted over time by various
operations or businesses in the supply chain are measured by carbon footprints.
This activity enables the monitoring of scope three emissions, the majority of
which are produced through supply chain activities. The integration of these
externalities into operations, procurement and logistics can minimise supply chain
consequences by investing in relevant environmental interventions (cleaner
technology, cleaner production and sustainable procurement) (Abdallah &
Al-Ghwayeen, 2020; Assumpg¢ao et al., 2022; Haiyun et al., 2021; Ilyas et al.,
2020; Lee et al., 2012). This necessitates a thorough approach that links supply
chain decisions to the triple bottom line of profit, profit and planet (Kumar et al.,
2012; Tumpa et al.,, 2019). Thus, it can be concluded that KPIs could be
instrumental in deploying sustainability (Micheli et al., 2020; Roh et al., 2022).

The overall prioritisation comprising of the weighting and ranking of criteria
and sub-criteria to implement GSCM is given in Table 7. Business operations
received the highest global weighting and social aspects the lowest global
weighting. They are ranked first and fourth, respectively. Environmental aspects
and organisational commitment obtained second and third rank, respectively.
Further, various sub-factors in each dimension were also ranked. A pair-wise
matrix was created to further determine the relative significance and weights
(Table 7). The leadership support and commitment factor has the highest rating in
the organisational commitment component (0.486), followed by environmental
compliance and auditing (0.264). Similarly to this, the aspect of business
operations assigned DfE (0.395) and green practices such as sustainable
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procurement the highest weight. The second most significant element in the
greening of the supply chain, after health and safety (0.40), was the practice of
reviewing suppliers and distributors, which came in at number two (0.316). The
AHP matrix indicated that the relevance of creating KPIs (0.310) and using
renewable energy (0.350) for the 'Environment' element was highest.

Conclusion

The current study may be useful in understanding various elements and strategies
and how they relate to a company's efforts to become green. The proposed framework
may assist decision-makers to gauge how different stakeholders in an organisation
see GSCM and may help managers better grasp GSCM practices. This study might
aid GSCM practitioners in choosing appropriate tactics to more closely align with
environmental standards and consumer demands. The organisations will be able to
gain cost advantages as well as a better brand image with the proper selection of
GSCM implementation tactics. The proposed model presented in the study would
help the decision-makers to be better prepared, understand and address the several
complexities of the GSCM problem and prioritise them for competitive advantage
and efficient management. The recommended AHP-based decision model may ease
decision-making as it thoroughly assesses the relative dominance of the pertinent
criteria and alternatives by explicitly accounting for the various types of
interdependencies existing in the decision structure.

The current study highlights several supply chain components and creates a
paradigm for GSCM. The findings of the study may serve as guidelines for
companies to streamline their operations by considering the social and
environmental aspects. The suggested method, which is based on expert paired
comparison assessment, has benefits for both physical and abstract criteria. The
research may be broadened to include other industrial sectors because the various
elements may possibly differ based on the type of industry. The approach might
also help supply chain managers prioritise their sustainability projects for
corporate goals including risk reduction, cost control and income development.

Since there could be prejudices and misunderstandings regarding the underlying
issues that lead to insufficient solutions, the presented model cannot be applied to
all situations. This may be considered as one of the limitations of this study. Thus,
it is imperative that future research ensure that there is less misunderstanding.
Depending on the social, cultural and geographic environment, the ranking for the
evaluation criterion may also alter. In this area of study, it may also be beneficial
to assess the model using sensitivity analysis and change as necessary by adding
or eliminating particular criteria. The decision-makers will be able to make a
conclusion that is more sensible, obvious, logical and systematic as a consequence.
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