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Key factors for energy-efficient supply chains: imgications for energy policy

in emerging economies

Abstract:

This research presents critical success factorsgC®r developing energy-efficient supply
chains (EESCs) in the leather industry in an emegrgiconomy, which implications for energy
policy. A novel decision-making support approacimed the ‘best-worst method’ (BWM) is
employed to rank the most important CSFs. Furthegman interpretive structural modeling
(ISM) approach and a MICMAC analysidatriced Impacts Croisés Multiplication Appliquée a
un Classementare undertaken in this study to depict the retatiependences and influences
among the selected CSFs. The CSF ‘Internationaispre and scarcity of natural resources’ is
identified as the most significant factor via a hgbBWM-ISM method that may drive the
leather industry to implement EESC practices ang thnaintain a sustainable environmental
approach. This research will be beneficial to denisnakers in carrying out effective operations

and improving implementation of EESC practiceshim feather industry.

Keywords: Energy efficient supply chain; Critical successdag; Environmental sustainability;

Leather industry; Energy management; Best worshaakt



1. Introduction

Environmental sustainability and EESC practices anmgently gaining popularity day by day
among practitioners, researchers, and decision rhdkedeveloped countries. In developing
countries, increased environmental degradatiomcigaf natural resources and energy wastage
(EW) have pushed industrial sectors to adopt EERCtiges [1,2]. The detrimental impacts of
EW on the environment are a crucial contemporaspalissue. The aim of EESC practices is to
reduce EW and save energy in industrial procesisas,enhancing environmental sustainability
by improving the cost and energy-efficient flow gbods and information [3,4]. Energy
efficiency (EE) and conservation are cost-effecpvactices by which firms attempt to address
the issues of EW, energy security and climate chalmgbrief, in terms of saving energy, EESC
involves processes and systems to reduce costsjreesusage and EW in order to optimize

utilization of energy to ensure environmental sinstaility [5].

Due to the numerous benefits of EESC managemeuntigesg, this factor has the potential to
drive the leather industry to minimize operatiooasts, resource usage and EW. Understanding
the relevant CSFs may help the leather industryadhieve EESC management practices
throughout the supply chain network. However, i isignificant concern in the leather industry
of Bangladesh that EESC practices remain a resegaphand are currently not generally
practiced well. Therefore, specific research inEESE practices in the leather sector may help
manufacturers to minimize EW and recognize the nm@nce of the issue. The literature on
energy management is improving day by day, duesteral factors. First, manufacturers can
increase long-term profits by reducing EW througiplementation of EESC practices. Second,

there is enormous international and national pressa focus on EESC practices. Third,



Environmental sustainability is an important gloloahcern which may be assisted by EESC
management practices through the reduction of EW associated detrimental impacts on
individuals, society and the environment. At préséme Bangladeshi leather industry is facing
enormous pressure to adopt EESC practices in todemhance value for business partners and

key customers.

A number of recent research studies have consideiféetent issues in the area of energy
management. However, so far none of these hasfispéigi examined and ascertained the
interactions among CSFs. For example, Malinausksditd. [6] reviewed EU energy policies and
strategies of EE; Valizadeh et al. [7] analyzed #féects of energy prices on energy
consumption efficiency in the domain of the petemical industry; Nel et al. [8] developed a
financial model for EE performance measuremenhedontext of the mining industry; Zheng
and Lin [9] showed the impact of agglomeration df i the domain of the paper industry in
China; Pusnik et al. [10] discussed the prospentt teends of EE practices in Slovenian
industry; Fernando et al. [11] demonstrated theaictg of energy management practices on
renewable energy supply chains; and Wan Ahmad.dil2] evaluated the effects of external

factors on energy management in the oil and gassinés.

Despite the current positive attitude towards EES@ctices across the globe, Bangladesh
currently remains in the embryonic stage in terfadmpting EESC management practices. For
the purposes of this study, it is necessary to tstaled the nature of the challenges and success
factors facing energy management in the leathetose& number of studies have placed

importance on challenges to EESC management peactitit none so far has focused on CSFs.



Lack of employee training and education for EE Ieesn highlighted in the literature as the most
important challenge in developing countries, alagyghe knowledge gap regarding energy
consumption patterns, lack of interest from top aggment, hesitation from top management
due to the delayed payoff on initial investmentuatural inequalities and risks for energy
management. Energy management practices in devklopantries are a well-established and
popular topic. For instance, Germany, Sweden, Spa8A and many others have established
EESC management practices [2,13]. Moktadir etlal] pointed out that developing countries,
such as Bangladesh, face financial constraintsninoducing circular economy strategies

practices as well as EESC management practices.

A review of recent relevant literature also con8riiat works concerning the leather sector
constitute a research gap [13,15,16]. The develapwiea new model for the leather industry
may help the industry come to understand the imapcg of EE, as well as providing a broad
outline which may drive industrial decision makarsl policy makers to formulate policies and
strategies to address recent trends. Therefosereésearch attempts to enhance the literature by
fulfilling certain specific objectives, as listedlbw:

a. To ascertain the CSFs for EESC practices in theattoof the leather industry supply

chain

b. To evaluate which CSFs are most important for ER&(Ctices

c. To discover the contextual relationships amongdahl&SFs

d. To propose a hierarchical structural model of tI8F€ examined in order to support

decision-making in implementing EESC practices



This research is crucial, and a methodological @ggr is required to fulfill the aforementioned
objectives. In this research, therefore, employsimaegrated ‘best worst’ (BWM), ISM and
MICMAC methodology. This is the first study in whi¢these methods are utilized together in
this integrated manner. The benefits of using thmeghods in this integrated way are that i)
BWM can be used to rank CSFs using feedback fropems; ii) BWM requires less times of
comparison due to only the vectors of pairwise camspns utilize while the Analytical
Hierarchy Process (AHP)/Decision Making Trial and valation Laboratory
(DEMATEL)/Fuzzy-AHP/Grey-DEMATEL/ need the whole mia of comparisons; iii) In
BWM, an integer scale 1-9 is used which reducesctimplexity of comparison; iv) the BWM
has better performance in acquiring the consisteesylts [17,18,19]; v) ISM can elucidate the
relationships among CSFs using their relative dgyoower and dependency; and iv) MICMAC
analysis is able to categorize the CSFs into feoums: autonomous, dependent, linkage, and
independent [20, 21]. In this research, a realdkample is introduced in order to realize the

proposed methodology.

The remaining of the paper is organized as folld®exction 2 depicts the theoretical background.
Following that, Section 3 describes the methodoloigthe study and provides an example from
the leather industry. Next, the MICMAC analysiprsvided, followed by the results, discussion
and validation of the findings. Next, the theoratiand managerial implications are explained,
before, finally, the conclusions are drawn at the ef the manuscript.

2. Theoretical background

EESC practices reduce energy consumption and cadudput in the areas of supply,

manufacturing, transportation and distribution [2R]is important for a supply chain to be



efficient in terms of energy consumption to enssustainability, and minimizing carbon output
will protect the environment, hence improving eomimental sustainability [23—-25]. There are
several ways to improve the performance of an EES€h as: (i) using energy efficient
transportation; (ii) increasing the value density shipped products; (iii) improving the
optimization of distribution design; and (iv) usiegergy efficient machinery in manufacturing.
Though EE is an important criterion for supply chperformance, little attention has been paid

in the literature to develop EESC approaches.

2.1 Review of critical success factors
In this sub-section, the results of a literaturgeie® conducted on the CSFs for EESC are
presented. CSFs may be theoretically defined asetfaxtors which can help ensure satisfactory
results in a particular industry. CSFs may fad#itahe successful achievement of an
organization’s desired goals. The application ofF€$an assist organizations to reduce the
complexity of their decision-making processes. Aerd review paper by Centobelli et al. [22]
considered articles which elucidate current resetnends in environmental sustainability and
EESC management. However, in this literature reyidentify different CSFs to those discussed

in previous works.

The CSFs identified in the literature as being vafe to this study are: strategic planning;
initiation and commitment of top management; enwnental regulations and pressure;
competitive advantage; involvement of suppliers waddors in EESCs; international pressure
and scarcity of natural resources; scientific irat@mn and energy efficient design; economic

benefits; training and education; customers’ awessnof EESC; and business-to-business



pressure. Long-term strategic planning drives ihgusectors towards implementation of EESC
practices, and can help industries to achieve isadtidity throughout their supply chains [26].
Initiation and commitment from top management rdogy the implementation of EESC
management practices can act as a central drivance fin an industry; for example, top
management can provide extra budgetary resourcedticie EESC practices in manufacturing
[27]. Environmental regulations and pressure camedmmplantation of EESC management
practices by generating strong legislation, as wsllby imposing pressure on industries to
minimize environmental pollution and energy constiorp [28]. Competitive advantage may
drive industry to formulate cost-efficient and enovimentally friendly manufacturing practices,
which may also help to minimize EW [29]. The invetaent of suppliers and vendors can act as

fuel for EESC, and can help to minimize EW sigrafidy [30].

Regarding the implementation of EESC managemerttipes in the leather industry, the CSF
‘international pressure and scarcity of naturabueses’ may act as one of the important driving
factor. To compete and sustain in the world maitket,crucial to minimize the cost and reuse of
waste materials as well as to minimize energy comsion. This factor may improve the
industry motivation to implement EESC practices|[Ecientific innovations may help to reduce
energy consumption, while new models for EESCshedp to minimize EW significantly [32].
Economic benefits may be achieved via EESC managepmctices. Therefore, economic
benefits can help to motivate industries to impletiEESC management practices [33]. Training
and education are important for the effective immatation of EESC management practices
throughout the industry. In this case, proper trgjnfaciliies may help to develop expert

management teams, which will thereby help to featéi the whole system [34]. Customers’



awareness of EESC may drive industries to implem&#aSC management practices [35].
Business-to-business pressure may encourage oatjang to develop cost-efficient supply
chain frameworks which will help minimize costs d&d/ [36]. With the assistance of literature
review 11 CSFs are identified; these results anensarized in Table 1.

Table 1: List of CSFs identified in the literatusyiew

Critical success factors (CSFs) Relevant literature
Strategic planning [26]
Initiation and commitment of top management [27]
Environmental regulations and pressure [28]
Competitive advantage [29]
Involvement of suppliers and vendors in EESC [30]
International pressure and scarcity of natural uesss [31]
Scientific innovation and energy efficient design 32]
Economic benefit [33]
Training and education [34]
Customers’ awareness of EESC [35]
Business-to-business pressure [36]

2.2 Multiple approaches to exploring CSFs
There are several approaches which have been dpplibe literature to analyze CSFs. These
include the application of the AHP and fuzzy AHRe selection of logistics service providers
[37], evaluation of procurement issues for donorweked international projects [38] and
evaluation of CSFs as a framework of knowledge mameent [39]. The VIKOR method has
also been employed in various areas, includingéhection of sustainable global suppliers [40],
selection of resilient suppliers [41] and idenafion of CSFs for the adoption of mobile
technology in travel agencies [42]. TOPSIS and yuZOPSIS, another well-known multi
criteria decision making (MCDM) technique, has alsen applied to solve several research
problems. Some recent applications include thectete of logistics service providers [43],

evaluation of risk [44] and prioritization of CSirstotal quality management (TQM) [45].



The ISM method was also applied to analyze CSFK3uding the identification of CSFs for

sustainable supply chain management practicesgfd@pnalysis of CSFs in humanitarian supply
chains [47]. The MICMAC method has been appliedrder to identify and analyze CSFs in
ERP implementation [48] and to model CSFs for tahdéy in food logistics [49]. A newly

developed method, BWM, has been used to solve MQbblems such as evaluation of
challenges to industry 4.0 practices [50] and eatgbn of external forces for sustainability
measurement [12]. A summary of the applicationitietent MCDM techniques is presented in

Table 2.

From the literature review considering the appiaratof different MCDM techniques, it has
been observed that AHP and fuzzy AHP, VIKOR, TOP&I®& fuzzy TOPSIS, ISM and
MICMAC have all been applied to identifying and Baing CSFs in many different areas.
However, BWM and hybrid BWM have not yet been aggblialong with another MCDM
technique to analyze the relationships betweeermifft CSFs.

Table 2: Recent applications of various MCDM tecjueis

Approach Area of application Applied to analyzeFS$ References
the energy domain?
(Yes/No)
AHP and fuzzy Evaluating issues inNo [37-39]
AHP procurement; selecting logisti¢s

service providers; evaluating
CSF models of knowledge
management

VIKOR Sustainable global supplieNo [40-42]
selection; resilient  supplie
selection; identifying CSFs fa
mobile technology adoption

== =




TOPSIS and Selecting logistics  serviceNo [43— 45]
fuzzy TOPSIS | provider;  risk  evaluation
prioritizing CSFs for TQM

ISM Identifying CSFs for SSCM No [46, 47]
practices; analyzing CSFs for
humanitarian supply chains

MICMAC CSFs in ERP implementation; | No [48, 49]
Modeling CSFs for traceability
in food logistics

BWM Evaluating challenges for No [12, 50]
industry 4.0 implementation;
Evaluating external forces for
sustainability measurement

2.3 The current energy flow scenario in the leather industry
The leather manufacturing industry is one of thgikelustries in Bangladesh. Characterizing the
leather manufacturing industry is a highly comptask due to the involvement of several
chemical processes, various types of machinery amimber of finishing operations. The
industry has established supply chain networksttierpurposes of supply, manufacturing and
distribution. The current scenario in terms of gyeftow for production of one square meter of
full chrome crust leather in the Bangladeshi leathanufacturing supply chain is presented in
Figure 1, which is adopted from a previous studydeted by Uddin et al. [51]. Different types
of chemical operations such as curing, soakingnigndeliming, bating, pickling, tanning, and
finishing are for the manufacturing of high qualfipished leather [52, 53]. In the different
stages of production of finished leather, differéyies of chemicals, electric power, diesel,
water and mechanical energy are used. Energy iisftite one of the crucial driving factors in
the sustainable development of the leather seEtwergy management practices may drive this
industrial sector to become more sustainable angpettive in the world market. In particular,

EESC management practices can make a significantrilmation to reducing energy

10



consumption, cutting waste generation and improwngrgy flow in the leather processing
operations.

In the leather manufacturing industry, the respectquantities of diesel oil, electricity
consumption, water consumption, waste water pradiucolid waste generated, steam
consumption, and packaging materials required Hergroduction of one square meter of crust
leather used are 0.159 8n®.292 kWh, 210 drh 58.60 dr, 3.46 kg, 1.34 kg, and 0.006 kg
[51]. It is explicit from these data that a hugecaint of energy is used in this industrial sector.
However, renewable energy facilities may help toedand develop this industry. In addition,
cost-effective EE technologies may facilitate théhancement of existing conditions in the
industry. Although the leather manufacturing indystcurrently entails huge energy
consumption, there are no existing studies in iteeature which analyze the CSFs for EESC in
the domain of the leather industry. This studyhieréfore unique in the leather manufacturing
industry, as it given a clear idea of those CSFghvimay drive the leather industry to become

more sustainable in the world market.
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Figure 1. Energy flow in the leather manufactuiimgustry (Modified from [51])

3. Methodological framework

In this section, the research design and theotetiethodology are described.

3.1Research design
The aim of this research is to examine the CSFEESC and try to establish an ISM model for
CSFs to implement EESC management practices inegader industry, an industry which

currently creates significant environmental pobiati The leather industry uses a huge amount of

12



chemicals and energy to process leather, whichlgrpallutes water, soil and air. Therefore, a
framework for EESC management practices may help ldather industry to minimize
detrimental environmental pollution by minimizin§\Ein supply chain activities. This study is
conducted in the domain of the leather industry wua lack of existing relevant studies in the
literature. To address this gap, a literature n@weas conducted to identify relevant CSFs, as
well a field survey using the assistance of indaktnanagers to identify relevant unique CSFs.
The BWM method was then employed to assess theimpsttant CSFs among the set of those
identified, with ISM and MICMAC both being used¢aplore the interactions among examined
CSFs to implement EESC towards environmental swsbdity in the leather industry. The

research design is depicted in Figure 2.

: : To examine the CSFs via To explore the

]:I(-)Or |dené|lfzysg\e C?,:;S the BWM method, interactions among
e review and complementing experts’ examined CSFs via the
feedback ISM method and

experts’ feedback MICMAC analysis

Figure 2. Research design for the present study

3.2 Theoretical methodology
In this research, two quantitative methods, nantteyBWM and ISM are employed; details of
these methods are given below.

3.2.1 The ‘best worst’ method

The ‘best-worst’ method (BWM) is one of the mostartly developed MCDM tools, and was
initially formulated and presented by Rezaei [BBJVM is a unique decision analysis tool which
is very effective, providing a straightforward medlology to make decisions regarding practical

problems. It is a better decision-making tool tte@ther MCDM tools due to certain unique

13



characteristics, which include: i) it requires fewmirwise comparison matrices compared to
other decision support tools like F-AHP, AHP, DEMA, Grey-DEMATEL etc.; and ii) it
helps to achieve reliable and consistent resultgpemed to other MCDM tools, while requiring
less time and effort. Therefore, the advantagescaadacteristics of this tool recommend it for
selection in this research to identify the mostpising indicators of EESC management in the
domain of the leather industry supply chain. Thepsise procedure for utilizing BWM is
summarized in the following sub-sections.

3.2.1.1Confirmation of decision-making criteria

With the assistance of literature review and expginhion, a set of decision support criteria

{CfE, O ,QCE} is settled upon.

3.2.1.2ldentification of the best and worst criteria

In this step, the experts being surveyed selectmbst and least important decision-making

criteria. In this stage, no comparisons betweerctheria identified are necessary.
3.2.1.3Determination of the most important or ‘best’ criterion

In the next step, using a rating scale of 1 to &islon makers (DMs) construct a matrix
identifying the best criterion in comparison witther criteria. In this case, the point 1 on the
scale denotes that this criterion is equally imgatrto other identified criteria, whereas point 9
denotes that the identified criterion has a mudhéi importance than other identified criterion.
The resulting Best-to-Others (BO) vector for thé manager of identified CSFs may be

formulated as follows:

m

A = (Bg, Bgpreeeeen B

14



In this matrix, the notatioag; presents the importance of the best critef®dicompared to

criterionj. Therefore, the value afg; is equal to 1.

3.2.1.4Determination of the order of preference of other gteria and identification of the

least important or ‘worst’ criterion

In this stage, the decision maker constructs asaetivector of the other criteria and identifies

the worst criterion, again using a linguistic saafld to 9. This vector can be written as follows:

AL = @ &)

In this matrix, the notatioraj, represents the linguistic value of criterijpover the worst

criterionW, and the value ofy,,, would be 1.

3.2.1.5Ascertaining the optimal weightings of decision-maikg criteria

In this step, optimized criteria weightings areedigtined such that the maximum absolute
difference for allj is minimized for the following se{t‘\/\@1 —agTV\H ‘ wW'- gy \(){T} . The problem

is converted and formulated as follows:

minfog - - 3

Subject to,

Swr=1 (1)

w{" = Ofor all j

15



Equation (1) can be converted to a problem of lippragramming, which can be represented as

follows:

min &"

Subject to,

[wg —agw| < & or all
W'~ 8, Wi < & or all

>wh=1 )

w{" = Ofor all j
By solving Equation (2), the optimized weightings(@{", W' ,........ w" ) are computed while
minimizing the value ofé" . The consistency of the results obtained can béfipd by the

value of & . Closer values of - indicate greater consistency in the results, and versa.

3.3Interpretive Structural Modeling (ISM)
Warfield first proposed the ISM method as a wayet@mine multifaceted socio-economic
problems [54]. It is an interactive methodologywhich multifaceted elements are structured
into a robust systematic model. It can evaluateSO8iEh the help of experts’ feedback in a way
which is advantageous compared with other techsigueh as Delphi, AHP and Structural
Equation Modeling. The most significant advanta§dSM is that it can depict relationships
among CSFs using their driving power and dependguuyer. ISM is widely applicable in
different fields, including reverse logistics [55ustainable supply chain management [31],

green supply chain management [56] and suppliecseh [57]. The stepwise procedure of the

16



ISM approach [58] undertaken in this research igemgiin Appendix A as supplementary
materials and the flow chart of the ISM method for establighan ISM model for CSFs to

EESC is reflected in Figure 3.

Using BWM
Select a set of CSFs to implement EESC practices Feedback from
industrial managers
v | and academic experts
Assess contextual relationshipg) between CSF§, j) T
v )
; Requirec
Build an RM
Construct an SSIM L, modifications
+ Ar
Partition RM into four levels
Build conical form of obtained RM
v
Remove ransitivity from the [« Establish diagram
diagram
Substitute CSF nodes for Is there any

theoretical

relationship statements . .
inconsistency

Establish a structural model fBESC management practices in the leather industry

Figure 3. Flow chart for establishing the ISM modeCSF's for EESC [59,60]

4. An example application

4.1 Selection of a case study company
The Bangladeshi leather industry is responsible digmificant environmental degradation,
consumption of natural resources and energy lodgesto its generation of 23®ns of solid
waste and 20,0067 of tannery effluent per day [14, 61]. This polluticonstitutes a crucial

issue in terms of environmental degradation and EWSC practices can help industries to

17



minimize environmental degradation and force them implement energy-efficient
manufacturing practices. Therefore, it is necessargxamine CSFs for EESC for the leather
industry. To address this issue, an example compamy the Bangladeshi leather industry
(herein referred to as ABC) has been selectedderdio consider the practical implications of
this study and to examine the CSFs. This compamysaa reduce its environmental impact and
EW in order to sustain its business in the competivorld market. It also wants to minimize
waste, maximize profit, make its supply chain egefjicient and try to implement reverse flow
of materials, due to its scrap materials havingdverse impact on the environment. However,
this company has faced certain problems in impleémgnEESC practices in its traditional
supply chain networks. This company therefore waatsdopt a strategic approach for the
realization of CSFs which will be helpful in implemting EESC practices in their
manufacturing units and therefore in achieving aunability. Company ABC also seeks to
evaluate the ranking of each CSF and wants to explloe interactions among the CSFs
examined. This procedure of data evaluation isamptl fully in the following section.

4.2 Data collection and evaluation
Phase 1: Identify the most suitable CSFs
A questionnaire-based survey was conducted to ifgletiie most important CSFs for EESC
management practices in the leather industry; dhisstionnaire is provided iAppendix B as
supplementary materials. Primary interviews were conducted with 49 indystixperts via emalil
communication and field research. All experts wieawved have over 10 years of experience in
the field of leather industry supply chains. Th&edback was used to identify the most
important CSFs for EESC practices. In this resegpcéviously identified 11 CSFs from the

literature, and these were provided to the 49 itvguesxperts for identification. Based on their
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feedback, another 4 CSFs were added to the mairfolisanalyzing the CSFs. These four
additional factors are: energy auditing, energy rawess, transition of energy sources, and
alternative renewable energy development. Thusptimeary interviews conducted helped to

find the most relevant CSFs. Table 3 shows thel fish of CSFs obtained from both the

literature review and expert feedback (EF).

Table 3: Final list of identified CSFs

Code Critical success factors (CSFs) Source
c Strategic planning [26] + EF
CZCE Initiation and commitment of top management [27] + EF
Cch Energy auditing EF
CfE Environmental regulations and pressure [28] + EF
C_:E Energy awareness EF
CeCE Competitive advantage [29] + EF
CfE Alternative renewable energy development EF
CE::E International pressure and scarcity of natural usses [31] + EF
CQCE Scientific innovation and energy efficient design 32]+ EF
ClcoE Economic benefit [33] + EF
ClclE Training and education [34] + EF
ClczE Customers’ awareness of EESC [35] + EF
C;E Business-to-business pressure [36] + EF
Cff Transition of energy sources EF

1cse Involvement of suppliers and vendors in EESC [30] +EF

Phase 2: In this phase, secondary interviews were carriatl to examine the previously
identified CSFs (SeAppendix B provided as supplementary materials For this purpose, the
identified CSFs were sent to the eight most expedad industrial experts among the experts
pool. To do this, eight experts were consideredsghexperience was not less than 20 years in

the field of leather manufacturing. They identifib& best and worst CSFs for the BWM, as well
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as constructing the best-to-other and other-to-tvoidrices using the 1-9 rating scale detailed
above. The profile of these industrial expertsusiioed in Table 4.

Table 4: Profile of respondents for primary andoselary data collection

Primary data collection: CSFs identification
Experience N Percentage
Total number of =10 years 14 28.57%
respondents <=15 years 12 24.49%
(N=49) >15 years 15 30.61%
>=20 years 8 16.33%
Secondary data collection: Examining CSFs via BWM
Experience N Percentage
Total number of >=20 years 8 100%
respondents
(N=8)

The feedback of these experts was considered tdifigléhe most important CSFs using the
BWM; this process is interpreted in detail in Sexti3.2. With the help of the sequential
procedure given in Section 3.2, and Equation (Zgwhppears in sub-section 3.2.1.5, Tables C1
and C2 were constructed, and are giveAppendix C assupplementary materials. The final
results considering the average weightings (aritttmaean) obtained from the eight experts is
given below in Table 5.

Table 5: Average weighting of CSFs obtained via BWM

Average | Average Final
Critical success factors (CSFs) weighting k* Rank
Strategic planningd‘t) 0.1258 2
Initiation and commitment of top managemefity) 0.0708 4
Energy auditing$%) 0.0503 12
Environmental regulations and pressurg( 0.0990 0.0952 3
Customers’ awareness of EESGY) 0.0420 ' 14
Competitive advantag€{~) 0.0531 10
Alternative renewable energy developmeffif() 0.0540 9
International pressure and scarcity of naturalueses CS$F) 0.1299 1
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Scientific innovation and energy efficient desig§?) 0.0512 11
Economic benefitf) 0.0586 8
Training and educatiorC£F) 0.0604 6
Energy awarenesg {F) 0.0590 7
Business-to-business pressurés) 0.0704 5
Transition of energy source§{f) 0.0431 13
Involvement of suppliers and vendors in EESEL) 0.0326 15

As the BWM is a MCDM method, it requires carryingtsensitivity analysis to check the
robustness of the final rank of the CSFs. Seritsitanalysis can be conducted by changing the
weights of the top ranked factor at the range 0.9, and the effect of such changes on other
factors are recorded [50, 62, 63]. In this studues ofpreference weights of thiep ranked CSF

(cce) is varied from 0.1 to 0.9, and the impact of sabhnges on the ranking of other CSFs are
noted. Table 7 shows that the final rank of CSFeolmust and stable as no changes in final
ranking occurred during the change of weigoit the top ranked CSFd ) from 0.2 to 0.9.

Little variation in the ranking of CSFs is realizddring the weight of 0.1 assigned for the top

ranked CSF ). More specifically, when the weight assignedtfa top ranked CSFcf<) is
0.1, the CSF ¢ ™) takes the first position instead of the seconsitjum, the CSF ¢;") receives

the second position instead of the third positamd the CSF ;") gets the third position instead

of the first position. Hence, it is concluded thia¢ results attained in the BWM analysis are
stable. The weights of the CSFs to EESC in thénézanhdustry during sensitivity analysis are
shown in Table 6 and the corresponding ranking®F&£to EESC is given in Table 7.

Table 6: Weights of the CSFs to EESC in the leatidustry during sensitivity analysis

CSFs Values of preference weights f6SFs to EESC
Normal
(0.1299) 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
CE
C, 0.1258 0.1301 0.1156 0.10172 0.0867 0.0723 0.057843d.| 0.0289 0.0145
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CfE 0.0708 0.0733 0.0651 0.057¢ 0.0488 0.0407 0.0326244. 0.0163 0.008
C;E 0.0503 0.052(Q 0.0462 0.0404 0.0347 0.0289 0.023p173. 0.0116 0.005
CfE 0.0990 0.1024 0.0910 0.0797 0.0683 0.0569 0.0459340.| 0.0228 0.0114
CsCE 0.0420 0.0434 0.0386 0.033§ 0.0290 0.0241 0.0198148.] 0.0097 0.004
CEE 0.0531 0.0549 0.0488 0.0427 0.0366 0.08305 0.0244€183. 0.0122 0.006
C:E 0.0540 0.0558§ 0.0496 0.0434 0.0372 0.0810 0.02481868. 0.0124 0.006]
C;E 0.1299 0.100(9 0.2000 0.300d 0.4000 0.5000 0.6000000. 0.8000 0.900
C;E 0.0512 0.0529 0.0471 0.0417 0.0353 0.0294 0.023b176. 0.0118 0.005
ClcoE 0.0586 0.0606¢ 0.0539 0.0471 0.0404 0.0337 0.0269202., 0.0135 0.006]
ClclE 0.0604 0.0624 0.0555 0.0484 0.0416 0.0847 0.0279208., 0.0139 0.006
C;E 0.0590 0.061(Q 0.0543 0.0475 0.0407 0.0339 0.0270203., 0.0136 0.006
C103E 0.0704 0.0728§ 0.0647 0.0564 0.0485 0.0405 0.0326€243.| 0.0162 0.008
CiE 0.0431 0.0444 0.0396 0.0347 0.0297 0.0248 0.0198149., 0.0099 0.005
C;E 0.0326 0.0337 0.0299 0.0267 0.0224 0.0187 0.015011@.| 0.0075 0.003]
Total 1.0000 1.000( 1.0000 1.0000 1.0000 1.0p000OGNDQ 1.0000] 1.0000 1.00(Q

Table 7Ranking of the CSFs to EESC in the leather indusiryugh sensitivity analysis

Ranking
CSFs | Normal (0.1299)| 0.1 0.2 0.3 0.4 0.5 0.6 0 0.8 0.
CE
) 2 1 2 2 2 2 2 2 2 2
CCE
, 4 4 4 4 4 4 4 4 4 4
CE
C, 12 12 12 12 12 12 12 12 12 12
CCE
’ 3 2 3 3 3 3 3 3 3 3
CE
C, 14 14 14 14 14 14 14 14 14 14
CE
C, 10 10 10 10 10 10 10 10 10 10
CCE
; 9 9 9 9 9 9 9 9 9 9
CCE
A 1 3 1 1 1 1 1 1 1 1
CE
G, 11 11 11 11 11 11 11 11 11 11
CCE
10 8 8 8 8 8 8 8 8 8 8
CCE
" 6 6 6 6 6 6 6 6 6 6
CCE
” 7 7 7 7 7 7 7 7 7 7
CCE
s 5 5 5 5 5 5 5 5 5 5




CCE
14 13 13 13 13 13 13 13 13 13 13

CCE
15 15 15 15 15 15 15 15 15 15 15

The results of sensitivity analysis are reflectedrigure 4. It is clear from Figure 4 that the fina

ranking of CSFs is robust and stable at the vanatif weights of the top ranked CFS:()
from 0.2 to 0.9. At the weight of 0.1 of the tomkad CSF £¢=), minor changes are observed

for the final ranking of CSFs.

Figure 4. Ranking of CSFs to EESC during sensytiaitalysis
Finally, after checking the robustness of the atadiresults, this paper considers most important
eleven CSFs for finding the interactions among theémthe ISM method. The final selected

CSFs for the ISM study is shown in Table 8.
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Table 8: Final selection of CSFs for ISM approach

New Code | Final selected CSFs Rank
SFFE International pressure and scarcity of natural ueses 1
SFSE Strategic planning 2
SFSE Environmental regulations and pressure 3
SFE Initiation and commitment of top management 4
SFEE Business-to-business pressure 5
SFEE Training and education 6
SFSE Energy awareness 7
SFSE Economic benefit 8
SFEE Alternative renewable energy development 9
SFGE Competitive advantage 10
SFEE Scientific innovation and energy efficient design 11

Phase 3: In this phase, a SSIM among the examined CSFdavamilated with the help of one
academic expert who specializes in supply chainagement and has 20 years of experience in
relevant fields. The methodological process fos thnalysis is provided in Figure 4 and in
Appendix A assupplementary materials. Table 9 shows the SSIM among CSFs.

Table 9: Structural self-interaction matrix

CSFs SEFE | SFSE | SFSE | SEFE | SFEE | SFEE | SFSE | SFSE | SFSE SFEE SFSE
SFCE X Y Vv Vv Y
SFSE X A
SFEE X
SFFE
SFEE
SFEE
SFLE
SFEE
SFEE
SFy
SFY

<
<
<
<

X0 >»| <

X|>|<|>

X <|<|<|O

X< <|I<|<K<|I<

X << < <1< <

X| > o< <I<|<I<|<K

X << << << <<

XIO|O| > IO <KL
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Phase 4: In this phase, the final RM is formulated with thelp of Step 4, which is described in
detail in the methodology section; specificallyAippendix A assupplementary material3able
10 shows the final RM.

Table 10: Reachability matrix

Driving

CSFs SEFE | SFSE | SFSE | SELE | SFEE | SFEE | SFSE| SFSE| SFEE | SESE Power

2
=
=8

[N
[N
[N
[N
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From Table 10, the dependence and driving poweedoh CSF are calculated. These values are

used in the MICMAC analysis, the process of whghlustrated in the next Phase.

Phase 5: In this phase, level positioning is established $earching the reachability,
antecedent,and interaction set. If a CSF appeabstim the antecedent set and the reachability
set, it is assigned as dl&vel CSF and takes top position in the hierardhycsure of ISM. After

the T'level CSFs have been exhausted, the next lebers established by excluding fevel
CSFs. Similarly, another level can be establishedugh level partitioning. Initial level
partitioning is given in Tables D1-D7 iAppendix D as supplementary materials. The final
level partitioning is given in Table 11. Figureriicates the interactions between the CSFs, as

well as their positions in the hierarchical struetu
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Table 11: Final level partitioning

Level Positioning
CSFs Reachability Set Antecedent Set Intersection Set Level
CE CE CE CE CE
SFFE SFSE, SFEE SFEE, SFEE, SEeE Vil
SFLE SFSE SFSE, SFSE, SEEE, SEEE SFLE
SFLE SFSE,, SFEE, SFEE, SFEE, SFEE SFFE SFSE, SFESE SEEE, SFEE SFEE v
CE CE CE CE CE CE
SFSE, SFEE, SFEE, SFEE, SFEE, SFSE, SEEE, SRCE Vi
SFSE SFEE,SFEE SFSE
SFSE,SFEE, SFEE, SFEE, SFEE, SFEE, SFLE SFEE, SELE SFEE v
CE CE CE CE
SFf SFLE, SFH SFf
SFSE SEEE, SFEE, SFEE, SFEE, SFEE, SFEE, SREE Vi
SFEF SFEE SFEE SFCE 5 SFEE
SF{® SF$F, SFE SFSE, SFEE
cE SFEE,SFSE, SFEE, SFEE, SFEE SEEE 5 6 cE v
SF§ SFg
CE CE CE
SFSE SFEE, SFEE ff SCE ‘Eg | CE I
SF7CE SF, ,SF ,SF ,SF7 SF7CE
SFSE,SFEE SFLE SFEE, SFLE, SFEE, SFEE, i
SFSE SFYE,SFEE, SFEE, SFEE SFEE
SFSE, SFSE,SEEE
’ ’ SFLE, SFCE SECE SFEE SFEE SFEE I
SFch y y y y ’ 9 SFQCE
SFCE SFCE,SFCE,SFCE,SFCE,SFCE, |
SF&F 10 ,SFEE, SFSE, SFSE, SFEE SEEE SFEE
SFSE, SFSE,SFEE SFLE,SFCE SFEE, SFEE SFEF, n
SFY  SF SFY

Competitive advantage(SF$E

A

Economic benefi (SF§F)

T

?

f

Energy awarenesgSF5E)

Scientific innovation and
energy efficient designsrFst

Alternative renewable energy
development(SFSE)

f

Strategic planning (SFSF)

f

?

> Training and education (SFSE)

?

Initiation and commitment of top management(SFSE)

?

T

Environmental regulations and pressurgSFSF)

A
\ 4

Business-to-business pressugFEE)

T

?

International pressure and scarcity of natural resairces (SFSE)

26




Figure 5.The structural model of CSFs to implement EESCtmes

5. MICMAC analysis

The MICMAC analysis process is explained in thistie®, showing how the CSFs examined
can be classified in terms of the implementatiorEBSC management practices in the leather
industry on the basis of their dependence andrdyipower. Values of dependence power and
driving power are computed using the final RM, #mel values obtained are utilized to construct
a graph for the classification of CSFs into fououps: the autonomous group, the dependent
group, the linkage group and the independent gfédp In the autonomous group, the CSFs
have both weak dependence and weak driving powersd'in the dependence group have weak
dependence power and strong driving power, whitesehin the linkage group have strong
dependence power and strong driving power. Findilg, CSFs in the independent group have
weak dependence power and strong driving powemnr€i@ depicts the MICMAC analysis

results for the CSFs examined.
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Figure 6. MICMAC analysis of examined CSFs

6. Discussion of results and validation
In this section, the final results and the validatand discussion of these results are provided.

6.1 Discussion of results
According to the BWM findingssr$t (‘international pressure and scarcity of natueslources’)
received the highest weighting. Following the BWNabsis, the driving and dependence power
of each CSF was calculated using the ISM methodhéniSM results, the CSF ‘international
pressure and scarcity of natural resources’ alseived the highest driving power and the lowest

dependence power, as displayed in Table 10. Duectaving the highest driving power and the
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lowest dependence power, this CSF has been pasitianthe top of the hierarchical structural

model in Figure 6.

On the other handsrsE (‘competitive advantage’) was ranked in tenth plac the BWM
analysis. This CSF accordingly received lowestidgypower and the highest dependence power
ranking in the ISM approach, as reflected in Tdlfle For this reason, this CSF has been placed
at the bottom of the structural model as demoreddrat Figure 6. By using driving power and
dependence power, other level partitioning of th®8FE€ examined have been constructed.
Ultimately, seven level partitioning have been avbhd, and are depicted in Table 11. In this
metric, the CSF ‘international pressure and scaroit natural resources’sg$t) has been
positioned at the bottom (Y level, whereas the CSF ‘competitive advantaget) has been
positioned at the top {1 level. These findings indicate that the CSF fin&tional pressure and
scarcity of natural resourcesF¢f) may act as a significant driver of the other C3ifsl that the
CSF ‘competitive advantagesKs¢) will be achieved simultaneously. In the hieracahimodel, a
CSF which receives the highest driving power amdithvest dependence power is positioned at
the bottom of the structure. From bottom to topvidg power decreases and dependence power
increases. Thus, the CSFs at the top level havesiglependence power and the lowest driving
power, which means that top level CSFs may be waetieand improved through the
improvement of the lower level CSFs. A new hierarahstructural model has been developed
via this methodology, which will help industrialadsion makers to implement EESC throughout
the existing supply chain. In addition, this moddl help organizations and managers achieve
competitive advantage through a strategic approasproving economic benefits as well as

goodwill.
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In this research, MICMAC analysis was also condii¢te validate the structural model of the
examined CSFs. The graph obtained via this MICMAWIgsis (Figure 6) helps to classify the
CSFs’ power in making the supply chain energy ®&ffit In this research, six CSFs —
international pressure and scarcity of natural uess (FSE), strategic planning s€SE),
environmental regulations and presswsesk), initiation and commitment of top management
(SFSE), business-to-business presswetf) and training and educatiosr¢t) — were identified
as independent CSFs or drivers, which can help axenthe leather supply chain energy
efficient. The CSFs in ‘independent’ category hasignificant driving power and low
dependence power. In this study, the CSF ‘inteonati pressure and scarcity of natural
resources’ {F¢E) received the highest ranking for driving powelhieh indicates that it may
drive other CSFs simultaneously. Therefore, theddiacan play a major role in implementing

EESC practices in the leather industry.

In this study, no CSF has been recognized as dalhito the linkage category. Five CSFs —
energy awarenessK;f), economic benefitsFsE), alternative renewable energy development
(SFSE), competitive advantagsKSE) and scientific innovation and energy efficiensid@ (SFS¢
were identified as dependent CSFs for the leathéustry. These dependent CSFs have low
driving power and high dependence power. Therefmi@dgpendent CSFs may be significant
drivers of these dependent CSFs, due to their d¢dakiving power and strong dependency on
independent CSFs. In this study, the CSF ‘competifidvantage’sFst) was found to have the
highest dependency power and lowest driving poweich indicates that this CSF will not be

able to drive the leather industry to be energicieffit. This factor is highly dependent on other

30



examined CSFs, which indicates that all other erachiCSFs may be more helpful in
encouraging the leather industry to formulate pedidowards EESC practices for competitive
advantage. Finally, in this study, no CSFs weratifled in the autonomous category, which
indicates that all CSFs are important for the imatation of EESC practices in the leather

industry.

In the proposed decision model, ‘international pues and scarcity of natural resourcess¢f)
has been identified as a crucial driver CSF in mgkhe supply chain of the leather industry
energy-efficient. This international pressure amdr&ness of the scarcity of natural resources,
along with environmental regulations and businesStisiness pressure, will motivate the top
management of different businesses to initiate adapt strategic planning and arrange training
for their employees on EESC practices. Thus, enawpreness will be created, and will help to
motivate decision makers to develop alternativewable energy facilities in this process. This
will result in initiatives for scientific innovatio and implementation of energy efficient design
and practices. This whole process will bring ecoiofrenefits for the leather industry in
Bangladesh, as well as for the country as a whidlerefore, all of these initiatives will bring
about competitive advantage for the leather ingusir Bangladesh, and organizations will

initiate the adoption of EESC practices in theiligpes to reduce EW.

6.2 Validation of results
According to the BWM findings, ‘international press and scarcity of natural resources#€)
received the highest weighting in the ranking, atgb received the highest driving power

ranking in the ISM method. Several researchersralsationed this CFS as an important driving
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factor for the implementation of SSCM practiceské&h D. Raut et al. [46] mentions that
scarcity of natural resources may drive the Indiénand gas industry to adopt sustainable
supply chain practices. The findings align withstistudy, but the unique contribution of this
study is that in the context of EESC practiceshe keather domain, the CSF ‘international
pressure and scarcity of natural resources’ may ignificant driver in the industry. In addition,

no study has so far been conducted in this congéext,the existing literature ignores the nature

of CSFs for EESC practices [65, 66].

‘Environmental regulations and pressurgF$) received third position in the BWM rankings,
and the second highest driving power ranking inl8 analysis. EW and waste generation may
be significantly reduced by the imposition of sgdegislation, which has also been mentioned
in previous literature [11, 67]. Government andi@oimakers may contribute in this regard.
However, no specific analysis of CSFs in the canté>EESC practices is present in the existing

literature [68— 70].

The CSF ‘business-to-business pressweEE) was identified as the fifth most important CSF in
the BWM analysis, and received the second highegind power ranking. A study conducted

by Luthra et al. [60] mentions that pressure framn-government sources may also help to drive
industries towards sustainable manufacturing presti A review paper on energy use and
energy efficient technologies for the textile intlysn the Chinese context also gave importance

to EESC practices in terms of the sustainable d@weént of industrial sectors [16].
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The success factor ‘initiation and commitment gf toanagement’sF$f) was ranked in fourth
position in the BWM analysis, and also receivedrtfoyosition in the ISM analysis. This CSF
may drive the industry to formulate strategic pefcand facilitate more funding for research and
development of EESC network design. Studies in rofiedds have also mentioned that
commitment from top management is an importanteiden facilitating any new practices in
organizations [71- 73]. A study conducted by Lutaral. [60] in the mining industry mentions

the importance of top management for the initiabbnew practices in the existing setting.

Following the previous findings, ‘strategic plangir{srsf) and ‘training and educationSK:F)
received similar driving power rankings in the 1SMalysis, while in the BWM analysis they
received second and sixth positions, respectivEhe importance of strategic planning for the
implementation of EESC in the current scenario meagor issue; hence, it may act as a pivotal
driving force in the leather domain [60]. Trainiagd education is also an important driving
factor towards EESC practices. In the previousditee, both of these CSFs have received great
attention in terms of EESC design [74, 75]. Howeltes regrettable that no research has so far

examined the nature of such CSFs in terms of EESGagement practices.

Other CSFs, such as ‘energy awarenessif], ‘scientific innovation and energy efficient
design’ 6F$f) and ‘alternative renewable energy developmests) also received similar
driving power rankings in the ISM analysiBhe importance of these CSFs is not negligible.
Some researchers have given special attentionstoroer awareness and innovative design for
EESC in other domains [76, 77]. The findings cdmité to the literature by showing the

importance of energy awareness throughout the gugbgalin, which will help decision makers to
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develop alternative renewable energy sources. ifildenfys will assist industrial decision makers

to make their supply chains more efficient in tewhenergy consumption.

‘Economic benefit’ §FSE) and ‘competitive advantagesKsE) received eighth and tenth positions
in the BWM analysis. However, ‘economic benefitddieceive a greater ranking for driving
power than ‘competitive advantage’. Several resesarcalso given importance to the CSF ‘long-
term economic benefits’ for EESC practices [11, &Jonomic benefits may motivate industrial
decision makers to implement EESC management peact22], despite the initial cost of EESC
network design being high compared to traditionatems. This research helps to show the

effects of each CSF for those thinking about im@eting new EESC practices.

7. Theoretical and managerial implications

From a methodological point of view, the most digant theoretical contribution of this
research is that this paper has proposed a mix#abohéqualitative and quantitative) integrating
both BWM, and ISM-MICMAC analysis to achieve thesned research goals. Traditionally,
BWM could only deal with the importance of the CSkdereas ISM-MICMAC could only
identify the interactions among factors. This pregub combined method may help to achieve
both advantages at the same time, which is a urdéqo&ibution to the existing literature. The
proposed integrated decision-making tools may Hetpsion makers to examine these factors, as
well as to explore the interactions among factara systematic way. The proposed integration
of the BWM and ISM-MICMAC approaches is a firsteatipt at such a methodology, (see Table
2) which is confirmed by literature review. Sevepaévious researchers have used the BWM

alone for ranking factors, or an ISM approach fadihg the interactions among factors. This
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proposed approach contributes to the existingdlitee in the following ways: i) when the range
of decision-making criteria is broad, BWM will help identify the most significant criteria for
further analysis; and ii) ISM-MICMAC analysis caelp to explore the interactions among the

most important examined factors.

In terms of the research findings, the main thézaietontribution to the exiting literature is that
this is the first study to look at EESC managenierthe domain of the leather industry, which
creates the opportunity for a new era in the leatt@mmain with an understanding of the
importance of EESC management practices from theagexial point of view. These findings
may help this industrial domain to minimize EW lmgplementing both proactive and reactive
strategies. In this research, ‘international pressnd scarcity of natural resourcesF¥) has
been identified as a pivotal CSF via the BWM andv I$nethods, which indicates that
international pressure helps the implementatioEEEC management practices for minimizing
EW. This factor may therefore drive the industryathieve sustained competitive advantage in

the world market.

In terms of managerial implications, this study eskemarkable contributions to the existing
literature. The leather industry needs to adoputar economy practices in order to minimize
waste and environmental degradation, as mentianétki research conducted by Moktadir et al.
[14,78]. There is significant energy consumptiod araste generation in the leather industry, but
EESC practices are not well used in the currerthéasupply chain networks. These findings
will help decision makers to implement and minimiEd/ systematically. Some of the important

managerial implications of this research for tregher domain can be summarized as follows:
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)] International pressure and scarcity of natural ueses is a key driving factor for
implementing EESC management practices in thedeatilustry. Indusial managers
may take this success factor under consideratiomdgeloping long-term strategic
plans which will facilitate the minimization of ergy consumption and wastage.

i) To cope with environmental issues, EW and solidtevasinimization etc., industrial
decision makers may give special attention to tis# Gstrategic planning’, which
received priority in this study.

iii) There is plenty of scope to minimize environmengallution by imposing
environmental regulations. Therefore, decision makéould take into consideration
the findings obtained in this study to control eomimental pollution and reduce EW.

iv) Technical issues may be solved by innovating amgeldping EESC networks.
Therefore, decision makers should hire technicpkes or train up technical staff to
redesign production processes for the minimizabioBW.

V) An EESC network may help to reduce energy consum@nd waste generation in
the SC. Therefore, from the managerial point ofwidecision makers may get initial
ideas from this study for future development of ldether sector to cope with global
competition.

8. Conclusions and future research directions

In the era of Industry 4.0, Bangladeshi industaesfacing pressure from different international
and domestic organizations to adopt EESC practocesreduce EW. Environmental concerns
have been gaining more attention in recent timasthis research work, key CSFs were
identified and examined CSFs and evaluated theitestual relationships in order to establish a

hierarchy of CSFs for EESC management practicebeanleather industry. A total of eleven
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CSFs were identified through the literature, wituif further CSFs identified through expert
opinion. The BWM was utilized in a novel manneretaamine the CSFs, and the ISM method
was used to explore the contextual relationshipga/den the CSFs examined. Finally, applied
MICMAC technique to establish a hierarchical stamat model of these CSFs for implementing
EESC management practices throughout existing gugtyains. The unique contribution of this
research is the development of a new decision-rgakiamework which will help to make

decisions regarding real life MCDM problems throagstepwise structural process.

According to the BWM findings, ‘international press and scarcity of natural resources#<€)
received the highest weighting in the ranking, @il &s the highest driving power in the ISM
method. Based on the findings of the ISM and MICMARalysis, ‘international pressure and
scarcity of natural resourcessr§t) can be positioned at the bottom of the proposedttsiral
model, whereas ‘competitive advantagesF$) is positioned at the top of the proposed
hierarchical structural model. This indicates thatiernational pressure and scarcity of natural
resources’ £F$f) will drive organizations to implement EESC praes, as reducing energy loss
is a prime concern nowadays. Due to growing conedwut a potential global energy crisis,
Bangladeshi industries may consider the CSFs mesdi@and the proposed structural model to
reduce EW for the minimization of operational costgich may also improve profits by
improving environmental and social performance.atitition, the proposed model may help
industrial decision makers to develop EESC managerframeworks towards Industry 4.0
policies.

This study does possess some limitations. For ebeartipe BWM and ISM techniques depend

heavily on the feedback of experts, which can lasdd and lead to unbalanced results. In future,
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other MCDM tools may be used, such as Fuzzy-BWMzzi#lSM or TISM. The integrated

BWM and ISM-MICMAC model may be considered for dpgation in other industrial domains

in other countries.
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» This paper identifies critical success factorseioergy-efficient supply chain.
» The ‘best-worst’ decision-making model is used.
» Hierarchical structural model of CSFs is proposedupport decision-making.

» Theoretical and managerial implications of the ifingd are presented.
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