Exploration and Investigation of Green Lean Six Sigma Adoption
Barriers for Manufacturing Sustainability

Abstract

The increased awareness about effect of operations on sustainability dynamics and governmental
pressure to cut emission rates has forced industries to adopt sustainable approaches like Green
Lean Six Sigma (GLSS). Despite increasing interest in GLSS, very limited research has focused
on its implementation and no research has investigated barriers that hinder GLSS execution. This
study investigates GLSS implementation barriers, their relationship, and removal of same in
manufacturing sector. In this research, 18 GLSS barriers have been recognized through literature
review and formulated into logical groups using principal component analysis. This study
pioneers with decision making trial and evaluation laboratory (DEMATEL) with intuitionistic
fuzzy set to prioritize barriers and handle the important and causal relationship among the same.
The results of the study were validated through intuitionistic fuzzy best worst method (IF-
BWM). The results reveal that management-related barriers are the top-ranked followed by
environmental and organization barriers with BWM weights 0.5283, 0.1704, and 0.1035
respectively. This provides impetus to policymakers for induction of GLSS in business
organization to make harmony between economic development and environmental sustainability.
Keywords: Green Lean Six Sigma; Manufacturing sector; DEMATEL,; Best worst method,;
Sustainability.

1. Introduction

Green Lean Six Sigma (GLSS) is a sustainable development approach that leads to improved
process performance through the reduction of wastes, variations, and environmental emissions
[1]. The term “Lean Six Sigma” (LSS) was used at the end of the last century to depict an
approach that delivers high operational performance through application of different statistical

and quality tools [2] [3]. The successful execution of LSS make an organization enable to reduce



its defect level, wastes, and helps to stay competitive in global market [4] [5]. In the recent
scenario, increased customer focus towards sustainable products has forced the industries to cut
current level of emissions [6] [7]. Although LSS leads to improved organizational performance
and profitability, it is not able to address environmental issues. But if LSS is integrated with
Green technology, then integrated approach called GLSS, will lead to reduced negative
environmental impacts. GLSS leads to improvement in material efficiency, promotes 3’R
(reduce, reuse, and recycle), and makes the process more streamlined [8].

Although Green, Lean, and Six Sigma are three different approaches but can be integrated under
the ambit of a single entity [9]. GLSS is an inclusive approach that meets modern demand of
customers and leads to increased sustainability through systematic application of GLSS
tools[10]. In the first step of GLSS execution, a project that shows the maximum potential for
sustainability is selected based on customer and business requirements. Project in GLSS is a
particular segment or shop of the industry, where GLSS has to be implemented initially. Existing
state of the selected project is estimated in second step of GLSS execution. Here, present state of
project is measured using tools like life cycle assessment (LCA), environmental value stream
mapping (EVSM), etc. The third step of GLSS is related to find out the main causes of the
various wastes and inefficiencies in the project. A thorough investigation of selected project is
done to find reasons for a high level of environmental emissions, variation in process, high
rejection rate, etc are found out. The tools like cause and effect diagram, 5 why analysis, etc. are
used to explore the possible reasons for the inefficiencies. In the fourth step of the
implementation, various possible solutions for improvement in sustainability are proposed,
evaluated and the best solution is implemented. The detailed exploration of possible solutions by
GLSS tools leads to identification of the best solution. The best solution is now implemented as a
preliminary solution, activities to be done are documented, and personnel is educated in different

aspects of the best-identified solution.



The changeover for traditional approach of doing business to GLSS is a substantial task as many
GLSS programs have failed during their inception stage [11]. This can be attributed due to lack
of knowledge base on Green Lean metrics, GLSS tools, causes of waste and emission, GLSS
adoption barriers, etc. [8]. The barriers are constraints or path-breakers that, if get rid of from a
system or process, leads to smooth execution of a program [12]. So, there is an immense need to
relook GLSS adoption barriers in manufacturing environment. The article presents a study on
identification and investigation of GLSS barriers in manufacturing sector. Eighteen barriers to
GLSS adoption have been identified through a detailed literature survey and further categorized
into six logical groups using principal component analysis (PCA) using responses from experts
(industrial personnel and academicians).
There exist interrelationship among grouped GLSS barriers, and it must be exhibited to decide
which barriers affect other barriers. For this, IF-DEMATEL method has been used to bifurcate
grouped barriers into cause and effects barriers. Moreover, due to limited finance and time
constraints, organizations can only focus on critical GLSS barriers. So, the prioritization of the
barriers has been done using IF-DEMATEL, and ranks of the barriers were further validated
using intuitionistic fuzzy best worst method (IF-BWM). The present work considers case of a
manufacturing industry for investigation of GLSS barriers. The research questions addressed in
the present study are:

e What are the barriers to the adoption of GLSS for the manufacturing industries?

e What type of contextual relationship exists among the barriers and which barriers should

be removed at the initial stage for successful execution of the GLSS program?
e How practitioners and industrial managers can remove GLSS adoption barriers through a

systematic understanding of the GLSS concepts?



2. Literature Review

GLSS strategy aims to improve sustainability dynamics of industry through systematic reduction
of wastes, inefficiencies, and associated environmental impacts. The development of GLSS can
trace back to evolution of the Toyota production system (TPS) [13]. The Lean approach
enhances organizational efficacy through reduction of wastes, but not able to address climate
issues [12]. This shortcoming of Lean can be addressed by integration of Green technology
within Lean. The integrated Green Lean (GL) approach has been one of answers for industrial
organizations to make them environmentally sustainable [14]. The integration of GL seems
natural based on the common motto of waste reduction [15]. But increased product rejection due
to process variation leads to more rework and wastes that adversely affects organizational
sustainability [16]. The integrated GL approach is not able to address this issue of production
system. This demands integration of GL approach with Six Sigma that reduces defects [17]. Each
approach has its unique capabilities and associated drawbacks, but each approach supplements
another to cope with challenges [17]. The similarities between Lean production, Six Sigma, and
Green technologies based on the insights gains from Ruben et al. [18] and Garza- Reyes [13] are
represented in table 1.

Table 1: Similarities among Lean production, Green technology, and Six Sigma

S. No. | Characteristic

Lean view

Green View

Six Sigma View

1 Focus

Improve industry
performance through the
reduction of wastages

Increase the utilization
efficiency of energy to
improve ecological efficiency

Improve performance
through reduction in
defective parts

2 Competitivene

Make the organization

Strong orientation towards

Increased competition

ss and more profitable through competitiveness through through the delivery of
profitability the reduction of various minimization of high quality of products
non-value added activities | environmental impacts and lesser rework
3 Waste Mainly focus on waste Focus on environmental waste | Defects reduction leads

reduction to reduce cost

reduction

to lesser rework

4 Customers

Cost reduction; strong
customer focus through
the elimination of non-
value-added activities

Aim to get customer pride
through production of eco-
friendly and lesser input of
organizational resources.

Aims to achieve
customer satisfaction
through reduction of
defects




So, the inherent characteristics and capabilities of the Green technology, Lean manufacturing,
and Six Sigma lead to the development of Green Lean Six Sigma (GLSS). It has found
applications in public enterprises, automotive, and construction industry for improvement in the
existing process [19]. Banawi and Bilec [19] proposed a model to integrate Green technology,
Lean, and Six Sigma to improve environmental efficiency of the construction industry. Cherraffi
et al. [15] proposed a model to integrate GLSS for superior sustainability. Ruben et al. [18]
proposed environmental associated LSS framework for manufacturing enterprise. Kumar et al.
[20] found GLSS barriers in product development process and model same using interpretive
structural modeling (ISM). Kaswan and Rathi [21][7] found enablers of GLSS and proposed
framework of GLSS. Sony and Naik [1] provided a GLSS framework for the coal mine industry
and find that integrated model leads to reduction in current level of graphite and dust.

GLSS found very few applications in the manufacturing sector because of its novelty and
cultural difference; the organizations have faced various challenges or barriers to implement
GLSS[22]. Barriers are specified as managerial and technical challenges that defer an
organization to get desired targets [23]. Table 2 depicts the prominent studies pertains to barriers
and enablers of LSS, Six Sigma, and GLSS. The GLSS barriers exhibit contextual relationship
and it is imperative to understand the relationships among the barriers [20]. Based on the nature
of barriers, they can be classified into different logical groups. Parmar and Desai [24] classified
20 enablers of sustainable Lean Six Sigma (SLSS) into different groups based on expert
opinions. Aboelmaged [23] classified 47 barriers of Six Sigma into groups of the knowledge
base, support, sustainability, resource, customer focus, complexity, and alignment barriers using
principal component analysis. Any business organization needs to identify key challenges or
barriers within a particular time frame to take competitive advantages over competitors [23].
Once failure factors have been identified, and contextual relation established then improvements

measures are undertaken to overcome these barriers. To develop contextual relationship among



factors different methods have been adopted like ISM, Structural Equation Modeling, Decision
Making Trial and Evaluation Laboratory (DEMATEL), etc.
DEMATEL, an approach to solve the complex decision-making problems was developed by
Gabus and Fontela in 1973 [25]. The DEMATEL method clarifies the interrelation among the
selected criteria through visual depiction of the causal diagram [26]. It has been applied in
various life problems like supplier selection [27] etc. DEMATEL requires decision-makers to
provide assessment against criteria using assessment scales. Sometimes crisp value does not truly
reflect human thinking, so to circumvent this disadvantage fuzzy DEMATEL was introduced,
where DM’s preferences were measured against fuzzy membership degree [26]. The decision
making becomes quite difficult in an uncertain or fuzzy ambiance. To reduce the vagueness in
the human perceptions the favorites are represented as fuzzy numbers rather than binary or
classical logic [28]. The fuzzy sets don’t consider the degree of hesitancy in human judgment.
To overcome this, Atanassov [29] developed intuitionistic fuzzy set (IFS) an alternative to
represent the membership degree, and hesitancy degree. The IFNs is a generalization of fuzzy set
defines the membership and non-membership of a given member by an exact value between 0
and 1. The IFS help DMs to denote their preferences accurately by considering the disagreement
degree [30]. The main benefits of the IFS are as follows: [31] [32]
= |FS enable the practitioners to model unidentified information using a degree of
hesitation. So in real-life problems, where DMs are not sure for their preferences, IFS
would be more comparable than the normal fuzzy set to get the opinions.
= |IFS is special kind of type 2 fuzzy set that have three degree of grades called

membership, non-membership, and hesitancy, whereas all other fuzzy numbers give one

grade of membership in the interval [0,1].
Based on the literature available it has found that the application of GLSS has not explored

extensively due to its novelty and cultural difference, and resistive nature to adopt a new



approach. To bridge the gaps in the literature, the present study deals with the exploration,

establishing the contextual relationship, prioritizing of GLSS adoption barriers.

Table 2: Prominent studies pertains to GLSS, Six Sigma, and LSS’s barriers and enablers

S. Authors Factor | Findings and Methodology Sector
No.
1 Gamal Barriers | Explored barriers to Six Sigma implementation based on General
Aboelmaged questionnaire base study and reveled that soft impediments are
[23] the most crucial barriers to Six Sigma implementation
2 Raghunath Barriers | Explored barriers of Six Sigma implementation for SMEs and General
and Jayathirtha found that lack of management commitment is the most critical
[33] barriers in the execution of this methodology
3 Albliwi et al. Barriers | Identified failure factors of LSS from the comprehensive
[34] literature study and It has found that lack of management
obligation and participation, lack of communication, lack of
training, as failure factors among different industrial settings.

4 Mittal et al. [35] | Barriers | ldentified barriers of the GL manufacturing system through a Manufact
two-way assessment process and found that reluctance to uring
production disruption as one of the prominent barrier.

5 Kumar et al. Barriers | Modeled barriers of GLSS in the product development process General

[20] using ISM-MICAC and deduced that lack of management
commitment as one of the most prominent barrier.
6 Pandey et al. Enabler | Identified enablers of GLSS for business sector and derived into General
[36] S five segmental groups of eighteen enablers and further prioritized
the same using analytical hierarchy process (AHP).
7 Shamsi and Barriers | Explored barriers of LSS in the IT sector and found short term IT
Alam [37] involvement in LSS projects, difficulty in data collection, and
projection section as the most significant barriers.

8 Yadav et al.[38] | Barriers | Authors used techno-managerial study for identification and General
fuzzy AHP-modified TOPSIS for prioritization of LSS barriers
and provided solutions to overcome adoption challenges

9 Kaswan and Enabler | Modeled enablers of GLSS using ISM-MICAC and found that General

Rathi [21] S Effective data assimilation and GL metrics identification is one
key enabler for GLSS adoption.
10 | Hussain et al. Barriers | Found that unstable political government and support as key Construct
[10] challenges to adopt GLSS in the construction sector of Pakistan ion
11 | Kaswan and Enabler | Identified and prioritized the enablers of GLSS using BWM Manufact
Rathi [39] S method found that organization readiness for GL is the most uring
dominating factor for GLSS execution.
12 | Singh et al.[40] | Barriers | Used DEMATEL approach to establish relationship and prioritize | General

barriers to integrated GL approach and found that Lack of
management support and lack of employee training as key
barriers to adoption GL.

Research Gaps

Based on the comprehensive review it has found that very few studies exist in the literature

pertains to the integrated GLSS approach and all such studies highlighted that successful




execution of this approach not only makes the organization’s productivity better but leads to a
reduction in carbon footprint. Although the study pertains to enablers or success factors, and
barriers pertain to construction sector exists. The study pertains to barriers in the product develop
process that exhibits hierarchical structure of barriers exists in the literature. But no work related
to exploration, establishing the contextual relationship among GLSS barriers for understanding
intrigue nature of barriers exists in the literature. Moreover, no study of GLSS barriers provides
prioritization of barriers that facilitate the industrial managers to systematically remove the most
critical barriers from the implementation point of view. The previous study of barriers were only
limited to the phase of product development mainly to the design and prototype point of view,
but present study investigates barriers from the point of view for realization of product by
covering different aspects from the sustainability. The said research gaps provide an impetus for
the present study.

3. Research Methodology
The research methodology adopted in the present work consists of two distinct phases. Figure 1

demonstrates various phases of adopted research methodology. The various phases of the
methodology are as follows:

Phase 1: Identification and grouping of GLSS barriers

Phase 1: In the first phase, a comprehensive literature survey was done to identify barriers of
GLSS in manufacturing environment. This results in identification of 18 barriers of GLSS that
hinders its implementation (Table 3). A well-defined questionnaire was prepared and to check
internal reliability of questionnaire Cronbach’s alpha test was performed. Alpha has been
recognized as an important concept for assessment of questionnaire in medical and statistical
sciences. It was developed by Lee Cronbach in 1951 and its values vary between 0 and 1 [41].
The value of the alpha is 0.83 that depicts the high reliability of the formulated questionnaire.

The questionnaire was sent to the practitioners at the mid and high levels of management in the



manufacturing industry, LSS personnel (LSS green belt and black belt, these LSS personnel
comes from industrial and academic background (Industry/ Academia) as some of them belong
to academia and other are actively engaged with LSS projects in industries), and academicians
from academic institutions (106 respondents). Table 4 depicts the characteristics and
demographic background of respondents. The potential experts were identified through the

purposive sampling technique using the Linkedin profiles and personal contacts.

Identification of GLS Questionnaire development, Data Data
L . . . - P1
barriers in manufacturing = sampling, respondents —> collection 2| analysis
from literature review
Grouping of barriers Normality test <€
using PCA
ANOVA
Y N P2
Analysis and prioritization of grouped Defuzzify IF decision matrix
GLS barriers considering the case of a
manufacturina industrv ‘1’
| Normalize the direct relationship matrix
Selection of decision makers or experts \1/
\l/ Formulate the total relationship matrix
Define linguistic variable and ‘1’
correspondina IF numbers
\1, Construct causal diagram and ranks
— - barriers
Construct aggregated IF decision matrix ‘1’
: P Rank validation using BWM, GRA and
Removal of barriers < sensitivity analysis
Table 3: Green Lean Six Sigma barriers
l%llo Barriers Description Reference
1 | Lackof The selection of the GLSS project rests on the customer's view; many times, [34]
understanding | organizations have failed in the past to convert VOC into desired results.
of different
VOC
2 | Inappropriate Successful GLSS projects demand identification of a particular shop/ section [42]
GL areas of the industry that has maximum effects on organizational sustainability.
identification




3 | Lackof CI The positive mindset with constant improvement thinking is key to the success [42]
thinking of the GLSS project within an organization.

4 | Resistance to Traditional practices are being adopted by industries operated for a very long [43]
change time; managers have resistance to change it.

5 | Inadequate The deficient of the monitoring framework to direct the firms for high [35]
regulatory productivity and eco-friendly performance hinders the implementation of
framework GLSS.

6 | Lack of Comprehensive environmental knowledge, together with the understanding of [44]
environmental | the effect of various process parameters on ecology, is considered vital for
knowledge GLSS success.

7 | Wrong GLSS | The success of GLSS highly depends on selection of proper tools during [34]
tool section various phases of implementation; the wrong choice leads to failure of GLSS

project.

8 | Un-optimized | The un-optimized transportation system leads to wastage of movement, [45]
transportation | money, and energy.

9 | Lack of Top management support is necessary for GLSS success as an absolute [6]
management authority to release the orderlies with it.
support

10 | The A complete understanding of various approaches of reengineering is quite | [42] [46]]
obliviousness | essential for effective GLSS project implementation within a particular
of re- organization.
engineering

11 | Unawareness | The GLSS execution demands a thorough understanding of its different plans | [20] [42]
of GLSS and their associated pros and cons.
strategies

12 | Lack of Coherence between objectives and CI is required for the GLSS project so that | [47] [34]
synergy desired results can be achieved within a particular time frame. [42]
between CI
and objectives

13 | Deficiency of | Experienced persons are well versed with the process of the organization; their | [5] [38]
experienced skills play a focal role in indecisive time
GLSS
personnel

14 | Lack of GLSS requires a comprehensive training of each employee and their full and [48]
training timely participation.

15 | Poor culture GLSS implementation leads to a shift in the culture of the organization from [48]

the traditional to a sustainable one.

16 | Economic GLSS implementation within organization will bring paradigm shifts in [48]
constraints concerned industry, so investment is needed to incorporate these changes.

17 | Lack of Standardization brings a specialty in the system that leads to less rework and [44]
standardization | wastes.
procedures

18 | Cultural GLSS implementation leads to the shift in the culture of the organization from [48]
fragmentation | the traditional one. The organizations' members, show resistance to change

towards a sustainable culture.
Table 4: Characteristics and demographic background of respondents
S. No. Work profile Number of person Percentage Industry/Academia
1 Senior Manager 28 26.42 Industry
2 Manager 24 22.64 Industry
3 LSS Green belt 22 20.75 Industry/Academia
4 LSS Black belt 17 16.04 Industry/Academia
5 Professor 15 14.15 Academia




The dataset received from all respondents was checked for the normality using the Shapiro-Wilk
test and Q-Q plot in the statistical package for social sciences version 20 (SPSS 20). The value
“p” of the Shapiro-Wilk test (p >0.05) and data points distributed along the line in the Q-Q plot
designate that data is normally distributed [49]. The p-value was found as 0.087 all data
distributed along line in Q-Q plot (Figure 2).

Normal Q-Q Plot of Responses

Expected Normal

T T T T T
50 60 70 80 90
Observed Value

Figure 2: Q-Q plot
The analysis of variance (ANOVA) test was performed for the extracted factor to check whether

sample means differ for different groups is significant or not [50]. The ANOVA test was
performed with the null hypothesis (Hop) that there is no significant difference among the sample
means of different groups. The p-value after conducting the ANOVA test was found to be 0.046,
which is less than 0.05, which implies that Hg is rejected and Ha prevails [51]. It is obvious from
the ANOVA that there is significant difference among the different groups’ barriers as a whole.
The Tukey post hoc test was conducted to depict which group of differ from other. From the
multiple comparisons post hoc test the p value of environmental (ER) set of barriers against
continuous improvement (CI) barriers was found to be 0.36, which states that there is significant
difference of the sample means between ER and CI barriers. This infers the importance of
removal of the ER barriers high as compared to the CI barriers. The p value training related

(TR) barriers against knowledge (KB) barriers was found as 0.784, which depicts that there is no



substantial difference among sample means for these two set of barriers. This implies that these
set of barriers have nearly same significance of removal for the execution of the GLSS program.
The Tukey post hoc test p value for management (MR) barriers against organizational barriers
(OR) was found as 0.635, that depicts there is no substantial difference among sample means for
these two set of barriers. The managerial functionality and top management support is essential
for the organizational operations and decisions. This implies that these two set of barriers have
not much difference in the priority list for removal of barriers.

The exploratory factor analysis’s principal component analysis (PCA) was used to fit barriers
into a manageable number of groups. PCA provides information about common hidden pattern
that exists in a particular set of data [52]. Before the PCA analysis, Kaiser-Meyer- Olkin and
Bartlett’s test of sphericity were performed to help assess the factorability of the dataset and
sample adequacy respectively. The value recommended for Kaiser-Meyer- Olkin should be
greater than 0.5 and Bartlett’s test of sphericity’s p < 0.05 (Field, 2000). It has been found that in
the KMO test value found to be 0.052 and Bartlett’s test of sphericity was high at with chi-square
301.885 and p-value 0.000 Afterwards, the eigenvalue and percentage of variance approach of
PCA were used to represent the GLSS barriers into different groups of same characteristics
According to Field [53], groups with eigenvalues (> 1) are retained and those with small
eigenvalues are ignored for further study. The extracted factors or group must account for at least
60% of the total variance for authenticity of the number of groups [23]. The PCA shows that six
grouped GLSS barriers account for 60.687 % of total variance explained with average of item
loading 0.657 (Table 5). Moreover, it obvious from the scree plot (figure 3) those barriers have

to be grouped into six groups as with eigenvalue greater than one has to be retained.



Table 5: Principal component analysis for grouping of barriers

Grouped Barriers Factor | Interitem Rotation | Variance | Cumulativ
Barriers loading | correlation explained | e variance
Environmental | Unawareness of various GLSS | 0.625 0.654 .680 10.853 10.853
barrier strategies (B11)

Lack of environmental 0.731 0.686 .667

knowledge (B6)

Wrong GLSS tool section (B7) | 0.618 0.314 .560

Inappropriate GL areas 0.513 0.562 522

identification (B2)

Deficiency of experienced 0.726 0.649 521

GLSS personnel (B13)
Management Lack of management support 0.631 0.529 759 10.086 20.938
related barriers | (B9)

Poor organizational culture 0.652 0.494 .689

(B15)

Resistance to change (B4) 0.541 0.629 -.504
Knowledge Lack of understanding of 0.634 0.583 773 11.718 32.657
base barriers different types of voice of

customers (VOC) (B1)

Un-optimized transportation 0.56 0.678 .691

system (B8)
Training Lack of training (B14) 0.713 0.664 .504 8.272 40.929
related barriers Lack of standardization and 0.639 0.582 .681

standard scheduling procedures

(B17)

Inadequate regulatory 0.691 0.621 599

framework (B5)
Organization Cultural fragmentation (B18) 0.711 0.715 .659 9.336 50.265
related Economic constraints (B16) | 0545 | 0.429 ~644

Lack of synergy between Cl 0.812 0.626 573

and strategic objectives of the

organization (B12)
Continuous Lack of continuous 0.821 0.492 J77 10.442 60.687
improvement improvement (CI) thinking (B3)
barriers The obliviousness of re- 0.679 0.642 -.630

engineering (B10)

GLSS is a project based approach and its success primarily lies with appropriate project selection

[54]. The project selection demands experienced personnel in GLSS practice, tools, and proper

knowledge of environmental aspects. The manufacturing organization to implement GLSS faces

difficulty in terms of improper area identification, lack of experienced persons with knowledge

of GLSS strategies and tools, intrigue nature of environmental sustainability.
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Figure 3: Scree plot
So, these all barriers discussed here if removed will lead to improved organization sustainability,

hence they are clubbed under the head of the environmental barriers. The top management
support is the most essential for realization of any new strategy within an organization [12].
Management serves as a motivating force for development of continuous learning culture,
establishment of confidence among the organizations members for shifting resistive culture to
continuous improvement culture. So, management lack of support, resistance to change, and poor
organization culture has been put under the umbrella of management barriers. GLSS project
selection is made based on different aspects of VOC and VOB. Knowledge of VOC, different
facets of transportation system, and material handling is essential for effective GLSS execution.
Therefore, the barriers pertains to, lack of understanding of VOC, unoptimized transportation
have been put under the group of knowledge base barriers. The training of employee in different
strategies of GLSS and toolset is essential to tap the full potential of this sustainable
development approach [12]. Lack of training leads to inappropriate application of tools and GL
areas selection that subsequently leads to potential failure of GSL project. The training in GLSS
aspects makes organization members aware in different GLSS practices, regulatory frameworks,
and standard operating procedure for improve organizational performance. So, barriers of

training, lack of standardization, and regulatory framework have been put under the umbrella of



training related barriers. The linking of organization objectives with GLSS, making everyone
responsible for sustainability, and financial assistance are predominate factors for GSL success
[55]. Organization look forward culture makes everyone responsible for the incorporation of
sustainability measures, realization of the pursuits to ensure social and environmental
sustainability to sustain in the global market. So, the barriers of lack of synergy of organization
and GLSS objectives, cultural fragmentation, and economic constraints have been put under the
group of organization barriers. The continuous improvement thinking generates opportunities of
3’R (reduce, reuse, and recycle) in organization that are essential for incorporation of sustainable
development culture within an organization. So, the barriers of obviousness of re-engineering
and lack of continuous improvement thinking have been put in the group of continuous
improvement barriers.

Environmental barriers

The barriers that hinder environmental performance or sustainability improvement of
organizations are termed as environmental barriers. This group of barriers encompasses five
barriers: unawareness of various GLSS strategies, lack of environmental knowledge, wrong
GLSS tool section, inappropriate lean and green areas identification, and deficiency of
experienced GLSS personnel. This group of the barriers is termed as environmental barriers and
it accounts for 10.853 % of the total variance. The comprehensive knowledge base of Green and
Lean metrics and environmental aspects associated with the process is indispensable for the
success of GLSS.

Management related barriers

The barriers which are related to lack of support and functionality of the management are termed
as management barriers. This group of barriers include: lack of management support, poor

organizational culture, and resistance to change and accounted for 10.086% of the total variance.



The management commitment, adaptation to clean technologies, and go forward culture is
demanded for the incorporation of sustainability aspects in the organization.

Knowledge base barriers

The barriers that are related to the development of background to understand voice of customers
(VOC), voice of business, and different aspects pertains to the transportation and material
handling are termed as knowledge base barriers. This group includes barriers like, lack of
understanding of different types of VOC and un-optimized transportation system.

Training related barriers

The barriers that restrain the sustainability of the organization due to lack of training or exercise
on GLSS tools, standard practices, metrics, adoption methods are named as training related
barriers. This set of barriers includes; lack of training, lack of standardization and standard
scheduling procedures, and inadequate regulatory framework and it accounts for 8.272 of the
total variance explained. The training of the organizational personnel in different aspects of
GLSS implementation is needed to tap the full throttle of this sustainable approach.
Organizational related barriers

The barriers which are related to the lack of organizational functionality on part of developing
the cultural of mutual learning, generation of finance for incorporation of clean technologies, and
embedment of green culture in the organization objectives are termed as organizational barriers.
This set of barriers accounts for 9.336% of the total variance explained and represents barriers of
cultural differences, economic constraints, and synergetic differences among continuous
improvement methods and strategic objectives of the organization.

Continuous improvement barriers

The barriers that restrict the organizational capability to adopt continuous learning, improvement

and adoption of re-engineering methods are named as continuous improvement barriers. This



grouped barrier accounts for 10.442% of the total variance and is loaded with barriers of
continuous improvement thinking and adoption of sustainable recycling approaches.

Phase 2: Classification and Prioritization of GLSS barriers

The second phase of the methodology is related to classification of grouped barriers into cause
and effect barriers using IF- DEMATEL along with the prioritization of the grouped barriers.
Moreover, the results of the study were primarily validated using IF-BWM and then IF-GRA.
The steps associated with IF-DEMATEL execution are:

Step 1: Linguistic data collection from the decision makers (DMs)

In the decision-making problem of the multi-criteria, responses from a group of the DMs are
mainly focused on the opinion of the DMs regarding rating of identified criteria. The DMs here
are: a LSS black belt, general manager, and senior manager from the case organization. Master
Black belt has previously managed LSS projects within the firm and completed them
successfully. General Manager encompasses rich knowledge and expertise in LSS and
manufacturing operations. Senior Manager has a vast experience in managing shop floor
improvement operations. The DMs are requested to provide linguistic assessment by rating
criteria, here grouped barriers using the five linguistic scales ranging from ‘no influence’ to very
‘high influence using table 6 (filled linguistic response have been attached in appendix). In the
IF-DEMATEL method, a set of proper linguistic variables and their corresponding IFS are
required to compare each grouped barrier with another. The IFS in a finite set X can be written

as

A = {{x, pa(x), v, (x))|x € X[}
Here, us(x),v4(x): X - [0,1] are defines as membership and non-membership function such
that

0<pu,(x)+vy(x)<1 1)



The third member of the IFS, m,(x) called a hesitation degree and denotes that whether x
belongs to A or not.

ma(x) = 1= pa(x) —va(x) (2)

If T4 (x) is small the knowledge about x is more certain and if it is large than knowledge about x
is more uncertain. Linguistic variables and corresponding IFS were adopted from Boran et al..
(2009) (Table 6). For example, here for the linguistic variable ‘No influence’, u,(x) = 0.1,
v,(x) =0.8,and m,(x) =0.1

Table 6: Linguistic variables and corresponding IFS Boran et al. [56]

S. No. Linguistic Variable Linguistic Preference Scale IFS
1 No influence NI 0.1,0.8,0.1
2 Very low influence VL 0.25,0.6,0.15
3 Low influence L 0.5,0.4,0.1
4 High influence HI 0.75,0.2,0.05
5 Very high influence VH 0.9, 0.05,0.05

Step 2: Find the weights of DMs
The weights of the DMs are calculated in the 2™ step of IF-DEMATEL. Let | is number of DMs,
and Dy, = [uy, vy, ] is defined as an intuitionistic fuzzy number (IFN) for weighting rating of

k™ DM. The weightage of the k™ DM is calculated using equation (3)

Uk+ Tk UtV
l Uk
Zk=1<uk+ nk(%”k))

Step 3: Construct aggregated IF decision matrix

M) =

; D=1 A =1 @)

In this step, the aggregated IF decision matrix is made based on the responses of the DMs. Let
R = (rf __is the IF decision matrix of each DM, and Y1 Ax =1, A €[0,1]. For this, the

subsequent operator suggested by Xu [31] , named intuitionistic fuzzy weighted averaging

(IFWA) operator is used. This subsequently generates the initial reachability matrix A
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Herer;; = (uAl. (xj), Vg, (xj), Ty, (xj)) (i=123,.... m;j=1,2,3.... n) 4)
The aggregated IF decision matrix is represented as:

[a, Cer),va, ()i ma, Ger)  wa, (62),va, (e2),ma, (03) oo Ua, (), v, (), T4, (xnﬂl

R = | U4, (x1), Va, (x1)»7TA2 (x1) Uy, (xz)»UAz (xz),TfAz (x2) ... Uy, (xn):UAZ (xn)rnAz (%) |

Ug,, (x1), Vam (x1), T4, (x1) Ug,, (x2), Vam (x2), Ta,, (x2) ... Uy, (xn), Vam (x), Ty, (xn)
Step 4: Obtain crisp value of initial reachability matrix

Defuzzification is a method of converting fuzzy output into a crisp value. It is executed to get a
crisp value of each grouped barrier corresponding to another. In this procedure, input is a
cumulative set, and output is a single number. The equation proposed by Karasan and Kahrama
[28] is used to get crisp value and formulate initial direct relationship matrix for further
processing of the DEMATEL method.

P = ug(x)+v4(x)+m4(x) 4 ug(xX)+v4(x)+14(x)
3 T4

()
Here, P is crisp value of one grouped barrier against the other barrier. From the crisp values,
initial reachability matrix A is formulated.
Step 5: Normalizing the direct relationship matrix
The normalized direct relationship matrix was obtained using equation (6).

Z=A4/s (6)

1

where § = ——7— and a;;are elements of initial reachability matrix A. In this step,
maxzjzlaij

row-wise summation of each element of direct relationship matrix is done. After that, each
element of the direct relationship matrix is divided by maximum sum value among the row-wise
sum to get the final normalized direct relationship matrix [57].

Step 6: Formulate total relationship matrix

In this step, the total relationship matrix (T') is computed by using equation (7) [58], where “T”
represents the identity matrix. The said equation is solved in MATLAB.

T=z(1-2)" (7)



Step 7: Compute D, R, D-R, and D+ R

The sum of rows and columns of the total relationship matrix (T ) is computed in this step to
construct (D+R) and (D-R) vectors [30].

Based on these vectors, GLSS barriers were ranked and cause and effect diagram was made.
(D+R) is a horizontal axis vector that represents degree of relationship of each grouped barrier
with another. The barrier, which represents the highest value of (D+R) is the most important. The
(D+R) values of grouped barriers depict the ranks of the same. (D-R) is the vertical axis vector
that exhibits the kind of relationship among the barriers. The grouped barriers with positive (D-
R) is called cause group or dispatcher, whereas the barriers with negative (D-R) is called an
effect group or receiver [59]. The ranks of the barriers found through the IF-DEMATEL were
further validated using primarily with IF-BWM. BWM has been selected for ranking as it
delivers highly reliable results due to its high consistency; fewer pairwise comparisons (2n — 3)
as compared to another matrix-based multiple-criteria decision-making methods use n (n — 1)/2
comparisons [7]. The final weights derived from BWM are highly reliable as it provides more
consistent comparisons compared to other MCDMs. While in most MCDM methods like
DEMATEL, consistency ratio is a measure to check if the comparisons are reliable or not, in
BWM consistency ratio is used to see the level of reliability as the output of BWM is always

consistent [60].

4. Results

The present work considers the case of a manufacturing organization in India. The organization
is in business run for more than 40 years, and its annual turnover is more than INR 5000 M. The
foremost apprehension for concerned industry is negative environmental impacts from process of
product generation. So, organization is planning to adopt an environmentally friendly approach

in business process. The inclusion of GLSS within an organization is challenging as it deals with



significant overhauls, and a lot of factors called barriers hinder its implementation. So, concerned
organization has to identify barriers of GLSS together with logical relationship among the
barriers. Moreover, organization cannot eliminate all barriers at one time, so it is essential to rank
barriers to finding barriers which must be handled at inception of GLSS program. The entire
research work was discussed with said industry to sensitize them about usefulness of present
work. The execution steps of the IF- DEMATEL are as follow:

Step 1: Linguistic data collection from the DMs

In this step, the appropriate linguistic variables and their corresponding IFS were defined. The
linguistic responses of three DMs of case industry, for one criterion against others have been
presented in the appendix. The team was comprised of a LSS black belt, general manager, and
senior manager.

Step 2: Find the weights of DMs

The linguistic variables defined with their corresponding IFNs in table 6 have been used to find
weights of DMs. The IFS set for three DMs were considered for linguistic variable of the very
important, important, and medium as [0.9, 0.05, 0.05], [0.75, 0.2, 0.05], and [0.5, 0.4, 0.1]

respectively. The weights of the DMs have been found using equation (3)

0.9+0.05 22
M= ( 0'%?7)5

v (0.9+0.0522)+(0.75+0.05022)+(0.5+0.1 32

= 0.4133
)

The weights of other DMs: A, and A3 were found in the similar manner. The weights of three
DM s have found to be as 0.4133, 0.3444, and 0.2423.

Step 3: Construct aggregated IF decision matrix

The DMs preferences are aggregated using the IFWA operator as shown in the equation (4) to
formulate the initial reachability matrix A. For example, the computation of KB barriers affects

barrier ER is shown as = [0.3105, 0.5515, 0.1378].



Table7: Aggregated IF decision matrix

Barrier KB ER TR OR MR cl
0.310,0.551,.01 0.439.0.448.0. | 0.413.0.468.0. | 0.786.0.163.0.

KB 0.1,08,0.1 - 0.5,0.4,0.1 o o o
cR | 07502005 | 010801 | 083801110, | 084801010, | 0:863.0.0860. | o 2e 0,006

05 05 05

TR 0'310i%'?8515'°' 0'434'(1;‘48'0'1 0.1,08.0.1 0.5,0.4,0.1 050401 | 09,005,005
0.786,0.1636.0. | 0.310.0.551,0 1 0.786.0.163.0. | 0.848.0.101.0,

OR o - 0.9,005005 | 0108.01 o o
0.838.0.111,0.0 | 0.7863.0.1636. | 0.801.0.148.0. | 0.838.0.111.0, 0.439.0.448.0.

MR 5 0.05 05 05 01,0801 112

cl 0.5,0.4.0.1 0'413'(1'?68'0'1 0'3%6i%'§31’ 03530517 | 050401 0.1,08,0.1

Step 4: Obtain the crisp value of the initial reachability matrix

The aggregated IF decision matric values for each barrier against another was converted into

their corresponding crisp value using equation (5) that also serves as an initial reachability matrix

for DEMATEL. Table 8 depicts the initial reachability matrix.

Table 8: Initial reachability matrix

Barriers KB ER TR OR MR Cl
KB 10.3333 7.5858 9.3000 8.2154 7.8643 8.3333
ER 8.3333 10.3333 8.3333 83333 .3333 2.3333
TR 7.5858 8.2527 10.3333 9.3333 9.3333 8.3333
OR 2.3333 6.5858 8.3333 10.3333 8.3333 2.3333
MR 8.3333 2.3333 4.3333 3.3333 10.3333 9.2527
Cl 9.3333 7.8643 6.8646 8.0652 10.3333 10.3333

Step 5: Normalizing the direct relationship matrix

In this step, the row-wise summation of all elements of initial reachability matrix (A) was done,
After that, all elements of matrix were divided by maximum value among entire row-wise sum to
get normalized direct relationship matrix Z (Table 9)

Table 9: Normalized direct relationship matrix

Barriers KB ER TR OR MR Cl
KB 0.0948 0.0696 0.0853 0.0754 0.0721 0.1774
ER 0.1774 0.0948 0.1774 0.1774 0.1865 0.1865
TR 0.0696 0.0757 0.0948 0.0856 0.0856 0.1774
OR 0.1865 0.0604 0.1774 0.0948 0.1774 0.1865




MR

0.1774

0.1865

0.1774

0.1865

0.0948

0.0757

Cl

0.0856

0.0721

0.0630

0.0740

0.0948

0.0948

Step 6: Formulate total relationship matrix

The total relationship matrix has been formulated form normalized direct relationship matrix by

solving function Z (1-z)™* in MATLAB. Table 10 depicts total relationship matrix.

Table 10: Total relationship matrix

Barriers KB ER TR OR MR Ci
KB 0.3371 0.2454 0.3195 0.2872 0.2917 0.4588
ER 0.621 0.4168 0.6095 0.5641 0.5828 0.6981
TR 0.324 0.2603 0.3413 0.3084 0.316 0.4699
OR 0.5602 0.3381 0.5414 0.4247 0.5098 0.6218
MR 0.5946 0.4802 0.5858 0.549 0.4734 0.5666
Cl 0.3066 0.2322 0.2777 0.2675 0.292 0.3466

Step 7: Compute D, R, D-R, and D+ R

In this step, row-wise and column-wise sum of total relationship matrix has been done to get R

and D matrix respectively. From D matrix and R matrix, D-R, and D+ R are calculated. (D+R)

represents degree of relationship among the barriers, whereas (D-R) represents the kind of

relationship among barriers (cause and effect). Table 12 depicts degree of relationship and type

of relationship among barriers.

Table 11: Row wise and the column-wise sum of barriers

Barriers KB ER TR OR MR Cl D
KB 0.3371 0.2454 0.3195 0.2872 0.2917 0.4588 1.9397
ER 0.621 0.4168 0.6095 0.5641 0.5828 0.6981 3.4923
TR 0.324 0.2603 0.3413 0.3084 0.316 0.4699 2.0199
OR 0.5602 0.3381 0.5414 0.4247 0.5098 0.6218 2.996
MR 0.5946 0.4802 0.5858 0.549 0.4734 0.5666 3.2496
Cl 0.3066 0.2322 0.2777 0.2675 0.292 0.3466 1.7226
R 2.7435 1.973 2.6752 2.4009 2.4657 3.1618
Table 12: Degree and kind of relationship among barriers
Barriers D R D+R D-R
KB 1.9397 2.7435 4.6832 -0.8038
ER 3.4923 1.973 5.4653 1.5193
TR 2.0199 2.6752 4.6951 -0.6553
OR 2.996 2.4009 5.3969 0.5951
MR 3.2496 2.4657 5.7153 0.7839
Cl 1.7226 3.1618 4.5844 -1.4392




The barrier MR and ER have been found as the most influential barrier among identified six
barriers with (D+ R) values 5.7153 and 5.4653, respectively. The cause and effect diagram
(figure 4) was constructed by mapping outcome of (D+R) and (D- R). In causal diagram, barriers
above horizontal baseline belong to cause group, whereas barriers below horizontal baseline
depict effect group of GLSS barriers. The (D+R) also represents ranks of grouped GLSS barriers.
The barrier MR found top rank with (D+R) score 5.7154. The barriers ER and OR found the 2"
and 3" rank with (D+R) scores 5.4653 and 5.3969, respectively. The barrier is considered to be
cause group if (D-R) is positive, and in case of negative of (D-R), barrier attributes it to effect
group. The barriers of cause group reveal a more influential impact (D) than influenced impact
(R). The (D+ R) value represents relative significance of a barrier. The management-related
barriers (MR) exhibit the highest (D+R) score and hence should be given the most priority in the

removal of the barriers (Table 11).

Figure 4: Causal diagram

The barriers continuous improvement (CI) has the lowest (D- R) score, - 1.4392, and hence
obviously impacted by all other barriers. The results of study have been found compatible with
Cherrafi et al. [63] where ‘environmental barrier’ was found as one of the most prominent
barriers that hinder implementation of the Green Lean (GL) within an organization. Also,
Aboelmaged [23] found that ‘management barrier’ is the most influential barriers for

implementation of Six Sigma approach in industrial settings. The empirical research of Singh et



al. [40]also signified that ‘lack of management support’ and ‘lack of training’ as the most critical
barriers for GL implementation within industrial organization. Hence the findings of Singh et al.
[40] support paper results which revealed that management-related and environmental-related
barriers the first and second, most critical barriers for the GLSS execution.

The results of the IF-DEMATEL for the ranking of the GLSS barriers were validated using IF-
BWM and IF-GRA (Steps in the appendix). The grey relational grade (GRG) is average of the
value of the coefficients of grey relational. It is defined as a numerical measure of the relevancy
between two methods or two sequences such as the reference and the comparability sequence
[64]. The value of GRG between the two sequences is always between 0 and 1 [65]. Table 13
depicts ranks of the GLSS barriers found through the different multi-criterion decision making
approaches.

Table 13: Comparative results of IF-DEMATEL against other MCDMs

Barriers Label | D+ R | IF-DEMATEL Weights IF-BWM GRG | GRA
Knowledge base barriers KB 4.683 5 0.0579 5 0.5918 5
Environmental related ER 5.465 2 0.2008 2 0.7528 2
Training related barriers TR 4.695 4 0.0899 4 0.6296 4
Organizational related OR 5.396 3 0.1102 3 0.7210 3
Management-related barriers MR 5.715 1 0.4887 1 0.7653 1
Continuous improvement Cl 4.584 6 0.0529 6 0.5860 6

The management-related barriers have got the highest weight (0.5283); consequently, it is 1°
ranked barrier of GLSS. Similarly, environmental-related barriers got 0.1704 weights, and it was
observed at the 2" position of IF-BWM ranking. The continuous improvement barriers got the
final rank in the IF-BWM ranking of GLSS barriers in the manufacturing sector with 0.0581
weights. It has found that ranks of GLSS grouped barriers are similar to as observed by the IF-
DEMATEL. So, it can be deduced from the comparative analysis with different MCDMs

methods that ranks of barriers are highly consistent, and results found are reliable.




4.1 Sensitivity analysis

Sensitivity analysis is an effective tool to check the robustness of results found through MCDM
techniques [66]. In the present work to have more robustness in results found through IF-BWM
or to check biasness, sensitivity analysis was performed. This analysis is executed by varying
weights of top-ranked criterion and noting changes in weights of other criteria [67]. Table 14
depicts the changing weights of the other barriers while changing the weight of management
barrier (MR) with an interval of 0.2.

Table 14: Weights of GLSS barriers using sensitivity analysis

Barriers Normal Preference weight value for selected barrier

0.1 0.3 0.5 0.7 0.9
KB 0.0653 0.081 0.073 0.0646 0.0214 0.0053
ER 0.1704 0.4851 0.2443 0.1871 0.1154 0.041
TR 0.0744 0.1124 0.1242 0.1123 0.0527 0.0209
OR 0.1035 0.1842 0.2151 0.1057 0.0986 0.0247
MR 0.5283 0.1 0.3 0.5 0.7 0.9
Cl 0.0581 0.0373 0.0434 0.0303 0.0119 0.0081

It has been found that ranking of GLSS barriers did not change considerably during sensitivity
analysis. Table 14 depicts the ranks of GLSS barriers during different run of sensitivity analysis.
The variations in ranks of barriers are shown in figure 5. From table 14, it is obvious that by
changing the weight of top-ranked weights of other barriers change considerably. It has been
found that ranks of barriers did not change significantly during test. The outermost layer in figure
5 presents ranks of barrier ‘KB’ with changing weight of ‘MR’. It is obvious from table 14 that
other weights change together with weight change of barrier ‘MR’. So, ranks of GLSS barriers
did not change considerably which is a characteristic of a consistent system. So, it can be
deduced that the results of the study are found to be consistent.

Table 15: Ranks of GLSS barriers using sensitivity analysis

Barriers Normal 0.1 0.3 0.5 0.7 0.9
KB 5 5 5 5 5 5
ER 2 1 2 2 2 2
TR 4 3 4 3 4 4
OR 3 2 3 4 3 3
MR 1 4 1 1 1 1




Cl 6 6 | 6 | 6 6 6

Figure 5: Sensitivity analysis of GLSS barriers
5. Discussion

Since last few decades, sustainability has received an increasing interest in both scholarly
research and industrial circles [14]. Shareholders are conscious that without stewarding our
natural resources human civilization is on the way towards an appalling breakdown. For this,
Green Lean Six Sigma is proposed to have a strategic importance to help various industries,
particularly manufacturing industries, to be more sustainable [68]. But, integration of Green,
Lean, and Six Sigma and real-time execution of the same is not an easy task as many impending
barriers arise during implementation of GLSS [69] [13]. So, without exploring and investigating
these barriers organization cannot guarantee successful execution of GLSS in their business
operations. Barriers affect execution of GLSS at different steps of its implementation in industry.
As GLSS is a project based approach and its success primarily lies with identification of a
suitable sustainability oriented project that tap maximum possibility to enhance organization
sustainability[8]. Barriers like lack of environmental knowledge and training hampers selection
of a suitable project. Further in second step of GLSS, as different metrics pertain to sustainability
are estimated, so funds for tools and expertize in selection and application GLSS tool is required.
Further, in next step, different causes for inefficacy are estimated using tools like C& E diagram,
FMEA, 5 whys. For this, communication and cooperation between different sections of industry

are demanded. Moreover, to improve efficacy of organization, solutions to tackle different



wastes are found in next step of GLSS. In this step, expertize on GLSS know how, and
management commitment towards to adopt best solution and funds for the same are needed. So,
every step of GLSS execution program has some barriers that impede its execution. Figure 6

depicts simplified GLSS execution model.

Identification of suitable GLS sustainability SIPOC, Project
s1 . . —>
oriented project charter, VOC
Y Estimation of present state of project in terms of EVSM, LCA
Green Lean indices and capabilities E
S3 Find out the main causes of wastes and C& E diagram, FMEA,
inefficiencies 5 whys

o \’
sS4 | x U\, Explore various solutions, find and implement DOE, LCA, EVSM,
the best one Puah Matrix

\’

x Sustain or control with the adopted best solution .| EVSM, LCA, OCAP

Figure 6: Green Lean Six Sigma implementation framework

In this study prominent barriers of GLSS have been identified through systematic literature
review and further analyzed in consultation with industrial experts and through IF-DEMATEL
approach to prioritize and understand underlining relationship among the barriers. The study
aims at gaining and providing knowledge pertains to barriers that hinder GLSS execution as an
initial step to achieve their elimination or reduce intensity so that implementation of GLSS
becomes an easier practice. “Environmental related barriers” and “Management related barriers”
have been found as key barriers in GLSS implementation. GLSS implementation demands
considerable knowledge base on different aspects of environmental practices; tools pertain to
GLSS, and appropriate project selection [54]. According to study conducted by Gadenne et al.
[70] execution of environmental approach is influenced by existing and potential shareholder

including management and government.



Top management support is the most essential for realization of any new strategy within an
organization [20] [71]. Management serves as a motivating force for development of continuous
learning culture, establishment of confidence among the organizations members for shifting
resistive culture to continuous improvement culture [72]. The contribution, patronage, and vision
of the management play a vital role in implementing the GLSS concept in the manufacturing
sector [73]. The management's strategic efforts by linking the organizational objectives with eco-
friendly approaches provide an ambiance of change and mitigate the fear of the adoption of new
strategies [74]. Government campaign and advertising can help manufacturing industries to be
more aware of the benefits associated with adoption of sustainability oriented approaches. It has
been reported that despite having green attitude, level of execution of sustainable practices is low
due to their little awareness about the potential cost saving that may arise from adoption of eco-
friendly practices. This is in line with finding with previous studies that exhibited positive
relationship among environmental knowledge and environmental practices (Peters and Turners,
2004). Also, it has been found that due to lack of stake holders support especially government
and management; many industries are not motivated towards sustainability initiatives without
external pressure [75]. Governmental supportive policies have exhibited positive impact in many
developed nations. For instance, a pilot project to execute Green Lean approach was launched by
Washington state department of ecology in collaboration with Washington manufacturing
industries. This project greatly supported many manufacturing industries to improve sustainable
performance through execution of sustainable Green Lean Approach [76]. In the organizational
category “economic constraint” and “cultural barrier” exist. To execute GLSS sufficient and
efficient fund allocation are important factors. Financial constraints and costs have been
recognized as key barriers to execute any initiative [23]. So, findings of the present study are in
line with common research findings widely reported in academic literature. Financial constraints

include non-availability of bank loan to impetus organization to adopt sustainable practices due



to poor polices and lack of regulations. The result of the study suggest that some of the crucial
barriers that execute GLSS execution are related to human aspects, like training and management
commitments. It is obvious that a skilled human capital is key element to generate a conductive
environment that facilitates GLSS execution. Furthermore, research has demonstrated that lack
of contribution human resources in Green Lean projects can decease opportunities to realize
sustainable benefits [68]. This is in line with findings of Cherrafi et al. [14] who conducted an
inclusive literature pertains to Green Lean and concluded that most of the research dealt with
soft (human) rather than hard (technical) elements. Technical, behavioral, and managerial aspects
are also challenging factors, which need to be removed such as “resistance to change”, “culture
of fear to failure” and “lack of synergy between continuous improvement approach and
organization objectives”. So, to assure success of GLSS execution it is imperative for

manufacturing industries to identify critical barriers and also explore solutions to mitigate the

intensity of the same.

Removal of barriers

In this section, a few general actions to mitigate barriers that hinder GLSS implementations are
suggested. These removal measures will facilitate industrial managers to implement GLSS for
superior operational and sustainable performance.

Barrier mitigation action 1:

‘Lack of environmental knowledge base’, ‘Inappropriate GL area identification’, ‘“Wrong GLSS
tool selection’, ‘lack of synergy between CI and strategic objectives of the organization’ can be
overcome by the development of the green economy [77]. Figure 6 depicts the mission, strategy,
and vision of the green economy that affects positively the GLSS implementation.

Barrier mitigation action 2: The barrier of ‘economic constraint’ can be overcome by setting up

of financial institutions so that credit access make easier for industrial settings that want to



implement the GLSS program. The supportive government fiscal policies will facilitate banks

about probable risks involved in releasing funds to GLSS adopting organizations.

—_

e Social inclusivity and serve for mother nature
L_| o Mitigation of climate and environment risks
¢ Inclusive development through low carbon methods
Vision —
e  Optimum utilization of scared resources and
- increased environmental sustainability
e Enhanced profitability dynamics with compromising
— — mother nature
Mission .
o National sustainable policy
L_| e Price support and incentives
e Integration measures and industrial symbiosis
Strategy e Setup institution for technical and environmental
- knowledge support

Figure 6: Green economy model to facilitate GLSS implementation

The industry can use different types of plans to enhance their internal competencies to execute
GLSS. The organization should develop a memorandum of understanding with environmental
centered organizations, academic and research institutes to get opportunities for , technical
knowledge, and capacity enhancement through the training programs. This collaborative strategy
will lead to a reduction in the organization's expenses that otherwise go in vain by providing
training from the outer agencies. The agencies like the UN climate change learning partnership
(UNCC: Learn) and US environmental protection agencies provide free resources for climate
literacy, mitigation action for carbon footprint, and guide industrial organizations to become
more sustainable through the adaptation of Lean and climate-resilient practices (unccelearn.org).
This type of work will lead to the removal of resistive organization culture to new practices,
barriers of training, lack of management supportive culture, and obliviousness of reengineering
practices.

Barrier mitigation action 4: Barriers like ‘Inappropriate Lean and Green area identification’ can

be overcome by appropriate implementation of visual/statistical control and performance monitor



and measurement systems. This will enable the organizational managers to identify the problem
in the existing system and process, quantify the performance of the existing best practices, and
monitor the progress towards the goal set by the industry. The other barriers of GLSS can be
overcome by making everyone in the organization responsible for the quality, deploying the right
person in the right area, and adopting the culture of 3’R (reduce, reuse, and recycle ) in daily
practices.

6. Conclusion

GLSS has been recognized as an inclusive approach that mitigates environmental emissions and
delivers eco-friendly products. To meet targets of regulations pacts and sustainable voice of
customers, manufacturing organizations need to understand and analyze barriers in
implementation of GLSS. Eighteen barriers pertain to GLSS have been found through the
comprehensive literature survey and further formulated into six logical groups. The barriers have
been categorized in cause and effect through IF-DEMATEL and also prioritized for systematic
implementation of GLSS within manufacturing organization. The ranking of grouped GLSS
barriers was further validated using BWM. The study depicts that cause barriers are:
management-related, environmental-related, and organizational related. The cause barriers have
a consequential effect on training, knowledgebase, and continuous improvement barriers.
Further, through prioritization of the GLSS barriers, it can be concluded that top-ranked barriers
like management related and environmental centered barriers should be tackled first for the
incremental application of the GLSS program.

6.1 Practical Implications

The manufacturing organizations have to make rigorous pursuits for improvement in material
and energy efficiency to remain sustainable in the market. The present research work will
facilitate the practitioners and managers to implement GLSS through systematic understanding

of intriguing nature of barriers and removal of same. The IF-DEMATEL analysis of GLSS



barriers facilitates managers to focus on cause barriers that eventually lead to removal of effect
barriers. The ranking of grouped barriers will facilitate industries to systematically wipe out
obstacles which are more influential in adoption of this approach. GLSS execution measures
facilitate practitioners to relook operations, sources, and possible hot spots for improvement in
real industrial settings. This will facilitate practitioners to develop the possible solution measures
for increased sustainability dynamics of industry. Moreover, study facilitates policymakers to
incorporate clean technologies measures that will address the most urgent challenge of climate
change through reduced emission of GHGs. The policymakers can adjudicate new policies on
climate change for the industries through systematic replacement of the traditional operational
dynamics with GL measures. Society will be benefited from present work in terms of better
health and motivation of industrial works due to reduced emissions, improved cultural aspects,
and impetus for quality. Moreover, lesser environmental emission will lead to a healthy society
and a better planet for the living being.

6.2 Theoretical Implications

The present study also has theoretical implications for potential researchers and newcomers in
the area of sustainability and GLSS. The present research work extends knowledge base by
defining and understanding relationship among the barriers that will facilitate integration and
implementation of GLSS. The study further facilitates practitioners and potential researchers to
understand different measures that lead to removal and reduction in intensity of different barriers
that hinders GLSS execution. This study is beneficial particularly for manufacturing industries,
which aim to effectively deploy GLSS in their processes to improve both operational and
sustainable performance. In this context, results of the study, particularly prioritization of GLSS
barriers through IF-DEMATEL, can be used managers to make judgment which barriers must be
removed at the initial stage of GLSS barriers removal initiative. So, this research work

contributes to the practice of GLSS by assisting top management of the organization in



identifying, managing, addressing the barriers that may impede successful execution of
sustainable GLSS approach. This will also benefit policy makers by facilitating then in
formulation of better policies that facilitates organizations in their sustainability journey.
Moreover, this enrich theoretical knowledge base of researchers by covering hidden aspects of
GLSS, and this will impetus pursuits for development of different adoption measures that will
boost GLSS execution in business organizations.

6.3 Limitations and future research agenda
Despite several contributions, the present study has its limitations. Given the infancy of GLSS

involvements in research and practice pertains to the manufacturing sector, analysis presented in
this work was based on the expert’s opinion, so biasness in experts’ judgment may prevail.
Although, it is expected that findings may have wider applicability further studies in different
manufacturing industries, size, and country context should be undertaken to endorse findings.
Moreover, in present work, 18 prominent barriers that hinder GLSS implementation in
manufacturing industries have been identified, but in offing, with growing literature of GLSS,
list can be extended by including some other barriers that may arise from rapid organizational
and technological advancements. Besides, lack of implementation of GLSS tools and methods
across a wide range of process or industries may make the application of survey approach
impractical. This underlines future research to enhance survey data using case studies in different
industries so that comparative insights into GLSS barriers can be provided. Furthermore, a
process based approach that focuses on barriers at each step of process through which GLSS
project is executed is another interesting avenue for future research. Overall, the study provides
some useful insights into the implementation of GLSS in manufacturing context, boosting in
these ways its application. So, it provides trustworthy evidence for practitioners and industrialists
of GLSS barriers that hinders its execution. Hence, validation of barriers in different

manufacturing industries according to size, type, and culture is a future research agenda derived



from the current research work. Moreover, to understand contextual relationship among barriers
future studies can consider interpretive structural modeling (ISM) and structural equation
modeling (SEM) to supplement DEMATEL and BWM. The researchers in offing can also
develop integral measures and systematic framework of integrated GLSS and Industry 4.0
approach, as both approaches focus to make organizations more competitive through reduction
of wastes and making system more responsive to the current challenges of manufacturing.
Besides, researchers and practitioners in the future can focus on the grey areas in the
development of GLSS, like identification and measurement of metrics of green and lean,
assessment of the effects of GLSS for capacity waste reduction in manufacturing organizations.
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