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a b s t r a c t

In green economy, the concepts like sustainable design, green products, clean technologies, eco-friendly
processes have pushed the organizations to opt for change management initiatives, to accomplish sus-
tainable development. Organizational sustainability has been defined using a triple bottom concept that
addresses environmental issues, economic aspects, and social concerns. In this sense, it becomes
imperative for organizations to evaluate the role of human, operational and technological aspects for
setting sustainable business practices in a supply chain context. Sustainable operational practices will
deliver the products to the society having zero defects and zero effect to the environment. Therefore, the
present study targets to extend the change management initiatives to operations and supply manage-
ment practices in the leading home appliances companies in India. The study identifies the key factors to
sustainable operations management based on human-operational-technological aspects underpinned by
literature and expert's agreement. The study proposes to use a fuzzy based Analytic Hierarchy Process
and Decision Making Trial and Evaluation Laboratory techniques to prioritize the factors as well as
evaluate the cause and effect relationships among factors. This study can facilitate managers to employ
change management initiatives in adopting sustainability oriented human-operational-technological
management practices and delivering the sustainable development goals of responsible consumption
and production and affordable and clean energy in industrial supply chains. Finally, the recommenda-
tions to managers and directions for further research have been highlighted.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Organizational sustainability has been defined using a triple
bottom line (TBL) concept addressing environmental issues, eco-
nomic aspects, and social concerns (Jabbour et al., 2013;
Brandenburg et al., 2014; Mangla et al., 2017). TBL has served as the
basis for management to transform its activities in operations
(Drake and Spinler, 2013; Jabbour and de Sousa Jabbour, 2016) and
supply management context (Carter and Rogers, 2008). Currently,
the business performance is not only measured by its financial
position, but also to attract more business underpin to sustainable
production and environmental protection policies (Markley and
. Thakur), sachin.kumar@
a).
Davis, 2007; Seuring and Müller, 2008; Gopalakrishnan et al.,
2012). There are several studies discussing the TBL of sustainable
development in manufacturing organizations (Drake and Spinler,
2013). In today's era of green economy, with the evolution of new
concepts like sustainable design, green products, clean technolo-
gies, eco-friendly process (Büyük€ozkan and Berkol, 2011), the
literature needs more studies targeting the extension of TBL di-
mensions of sustainable development in value chain context
(Gopalakrishnan et al., 2012;Mangla et al., 2014). To bridge this gap,
the present study targets on exploring the various dimensions of
sustainable operations management (SOM) practices.

In the literature, little attention is provided to managing the
waste generated from electrical and electronic components
(WEEE). According to European Commission report in 2018, WEEE
wastes (such as computers, TV-sets, fridges cell phones, electrical
home appliances etc.) is the fastest growing waste among all the
categories and expected to grow more than by 12 million tons by
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2020 in the European Union (EU) (http://ec.europa.eu/
environment/waste/weee/index_en.htm). The domestic waste
generated fromWEEE is huge due to the large population burden in
countries like India and China (Sepúlveda et al., 2010; Ongondo
et al., 2011). In line with this, countries like India and China is
also an attractive destination for importing the used electrical and
electronic equipment (EEE) with an estimation of about 50K tons of
WEEE imported every year (Manomaivibool, 2009; Ongondo et al.,
2011).

With increasing amount of WEEE wastes, improper and unsafe
disposal through incineration, and land fillings, consumer motiva-
tion to use remanufactured product, etc. have forced the United
Nations to adopt the ambitious 2030 agenda for sustainable
development in September 2015 (Balde et al., 2017; Vafadarnikjoo
et al., 2018). Therefore, it is important to define certain sustainable
measures for home appliances' manufacturing industries to deal
with WEEE. These measures can be used to evaluate the WEEE's
performance and build up higher brand image. There has been an
increased recognition on accomplishing sustainability in supply
chains among researchers and practitioners (Min and Kim, 2012);
however, literature lacks studies evaluating the cause and effect
relationships among SOM dimensions and ranking order among
the various factors of SOM (Brandenburg et al., 2014; Mangla et al.,
2018).

Therefore, to help manufacturing organizations, the present
study answers few research questions:

i. What are the key factors to SOM considering human-
operational-technological aspects in an industrial context?

ii. How are the listed factors prioritized in implementing SOM
practices in an industrial context?

iii. How are the listed factors evaluated for knowing their causal
relations?

We conducted a literature survey that lists the key factors to
SOM. These factors were discussed with the industry experts. The
present study further prioritize the key factors of SOM and analyze
the factors for knowing their cause and effect groups to SOM. The
problem addressed here is a type of multi-criteria evaluation and
thus, a combined approach of fuzzy based Analytic Hierarchy Pro-
cess (AHP) and Decision Making Trial and Evaluation Laboratory
(DEMATEL) was used as an appropriate methodology (Gandhi et al.,
2016). To accomplish our objectives, data from five home appliance
companies in India have been gathered. The organizations under
study are committed to accomplish sustainability in their
operations.

There are seven sections in this work, which are presented
ahead from readers’ perspectives.

2. Literature review

This section highlights the literature on SOM dimensions. In
addition, various research gaps have also been shown in this
section.

2.1. SOM: an overview

SOM can minimize waste and ensure the proper resource uti-
lization in a manufacturing environment. SOM targets the
following areas in manufacturing organizations - supply and pro-
duction and operations management, research and development,
reverse supply chain, human resources, environmental issues, so-
cial issues, and economic issues (Ramudhin et al., 2009;
Büyük€ozkan and Berkol, 2011; Tang and Zhou, 2012; Ahi and
Searcy, 2013; Belvedere and Grando, 2017; Genovese et al., 2017;
Hernandez-Vivanco et al., 2018). Green supply chains target at
reducing the adverse ecological impact and can be implemented by
considering environmental issues during purchasing, comprehen-
sive purchasing policies, and collaboration with suppliers (Gold
et al., 2010). The manufacturing organizations can redesign their
products and processes to develop the eco-friendly manufacturing
processes and products (Andersen and Skjoett-Larsen, 2009). Sus-
tainable manufacturing also ensure the remanufacturing at the end
of life and define techniques to extend the life of the products
(Geyer et al., 2007; Linton et al., 2007). Moreover, the integration of
green techniques with lean production may facilitate the sustain-
able supply chains (Farahani and Elahipanah, 2008; Mollenkopf
et al., 2010) adoption and help in reducing the wastes such as
time, space, process, labor, material, and equipment (Corbett and
Klassen, 2006). Corporate social responsibility (CSR) touches the
social aspect of sustainable operations (Spence and Bourlakis,
2009; Gold et al., 2010). CSR is extended beyond business ethics
and includes dimensions such as manufacturing process, employ-
ment opportunities, human rights, workplace diversity, community
etc (Carter and Jennings, 2002). There are various studies targeting
the role of stakeholders in SOM. Schramm-Klein et al. (2016)
defined sustainability considering welfare of employees and mid-
dle management. Walker et al. (2008) observed customers' pres-
sure on maintaining sustainability, and Norman and MacDonald's
(2004) stressed on benefits of stakeholders while implementing
sustainable supply chains. Hence, SOM practices not only focus on
the people and green dimension, but also consider the role of
stakeholders.

2.2. Proposed factors to SOM considering human-operation-
technological aspects

Literature highlighted various dimensions of green manage-
ment, given as eliminating environmental impacts of business
(Andiç et al., 2012; Gandhi et al., 2015; Mangla et al., 2015); raising
profits and market share by improving ecological efficiency
(Büyük€ozkan and Çifçi, 2012); environmental performance
(Parmigiani et al., 2011); integrating environmental issues in supply
chain product design, material selection and sourcing, recovering
value of products after their end of life (Gnoni et al., 2011); and
decision-making analysis on environmental management choices
(Srivastava, 2007). Carter and Jennings (2002) provided six main
aspects to define logistics social responsibility, which includes -
human rights and working conditions, environment, diversity,
ethics, community involvement, and safety. Carter and Jennings
(2002) stressed that supply chains should be closed loop, eco-
friendly that ensures the maximum utilization of the resources.
Guide and van Wassenhove (2009) described the closed loop sup-
ply chain into five major phases - activities of reverse logistics,
reverse logistics networks, inventory management and remanu-
facturing, the economic perspective of the product recovery, sys-
tem design for profitability, and final phase focuses on the
marketing and customer reactions on the recovered products.
Deakin (2001) advocated that the transport mode should account
for the human and ecosystem prosperity while meeting the logis-
tics needs of the society.

Green operations management will help to reduce wastes and
costs by improving the quality and environmental performance
(Curkovic and Sroufe, 2011). According to Kleindorfer et al. (2005),
SOM utilizes the tools of lean manufacturing to ensure the green
practices. Linton et al. (2007) stated that product design is a sig-
nificant phase in deciding its impact on the environment. Total
quality environmental management further focuses on the inte-
gration of ecological concerns with a quality management system
(Curkovic and Sroufe, 2011).

http://ec.europa.eu/environment/waste/weee/index_en.htm
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Gopalakrishnan et al. (2012) advocated that sustainable human
resource practices such as workplace benefits, skill development
programs, compensation policies, health and safety measures, and
retirement funds would help to improve employees’ commitment
towards the sustainable development of the organization. Accord-
ing to Hediger (2000), training, education, income, communication,
social contacts, and social security have been the core elements of
sustainable business at the micro level and distribution of income
and assets have been added to the macro perspective (Fischer-
Kowalski et al., 1995).

Hence, various factors affecting sustainable development in the
manufacturing organizations were hypothesized to exist. Experts
working in the related fields were consulted for finalizing the fac-
tors of SOM. In overall, 41 factors (shown in Table 1) affecting the
SOM practices in manufacturing organizations, were identified.
2.3. Research gaps

As SOM has been emerged as a global issue for the business
organizations, so managers are striving hard to develop more
sustainable practices in their organization. According to the United
Table 1
Factors to SOM.

Factors References

Green logistics Zhu et al. (2007); Sbihi and Eglese (2007); Ramu
Green procurement Markley and Davis (2007); Testa et al. (2016).
Logistics social responsibility Carter and Jennings (2002); Linton et al. (2007).
Sustainable warehousing Carter and Jennings (2002); Ahi and Searcy (201
Vehicle routing and scheduling Linton et al. (2007); Ramudhin et al. (2009).
Logistics and supply chain

integration
Farahani and Elahipanah (2008); Govindan and

Green manufacturing Kleindorfer et al. (2005); Ramudhin et al. (2009)
Green/sustainable packaging James et al. (2005); Ciliberti et al. (2008).
Inventory operations Markley and Davis (2007); Ramudhin et al. (200
Productivity Keating et al. (2008); Büyük€ozkan and Berkol (2
Reduce production risks James et al. (2005); Mangla et al. (2015).
Green product development Kleindorfer et al. (2005); Linton et al. (2007); Ma
Green process development Kleindorfer et al. (2005); De Brito et al. (2008).
Product life extension Linton and Jayaraman (2005); Geyer et al. (2007
Technology commercialization Markley and Davis (2007); Büyük€ozkan and Berk
Green manufacturing facilities Markley and Davis (2007); Ramudhin et al. (200
Remanufacturing Kleindorfer et al. (2005); Linton et al. (2007); Ra

(2017).
Circular economy Kleindorfer et al. (2005); Gupta and Palsule-Des
Waste management Markley and Davis (2007); Linton et al. (2007); S

Tang and Zhou (2012).
Recycling De Brito et al. (2008); Gold et al. (2010); Zailani
Reverse logistics Linton et al. (2007); Ramudhin et al. (2009); Ma
Sustainable HRM practices Hart and Milstein (2003); De Brito et al. (2008);
Skilled human resources De Brito et al. (2008); Büyük€ozkan and Berkol (2
Work hygiene and health facilities Spence and Bourlakis (2009); Gold et al. (2010).
Consumption of natural resources Ukidwe and Bakshi (2005); Markley and Davis (
Pollution emission Markley and Davis (2007); Ramudhin et al. (200

Gopalakrishnan et al. (2012).
Clean/sustainable transport modes Deakin (2001); De Brito et al. (2008).
Global warming Gupta and Palsule-Desai (2011); Gopalakrishnan
Wages and Income distribution Hediger (2000); Metzner (2000); Spangenberg (2
Employment Mutti et al. (2012); Gopalakrishnan et al. (2012)
Community wellbeing and safety Seuring (2013); Hodges (2009); Gopalakrishnan
Population growth Seuring (2013).
Cultural impacts Gopalakrishnan et al. (2012).
Social uncertainties Mutti et al. (2012).
Operational costs Margolis et al. (2009); Wu and Pagell (2011); Lo
Profitability Carter and Rogers (2008); Lovri�c et al. (2013); G
Stakeholders' role (primary and

secondary)
Pagell and Wu (2009); Carter and Rogers (2008)

GDP contribution Golicic and Smith (2013).
Labour efficiency Lovri�c et al. (2013).
Market concentration Carter and Rogers (2008).
Import dependency Golicic and Smith (2013).
Nations (2004) report, 20e25 million tons of CO2 have been added
to the oceans every day, which are triggering the climate change
and global warming. In case of developing economies like India and
China, the emission of CO2 from fossil fuels has increasedmore than
50% to its levels in 1990 (Olivier et al., 2012). According to IPCC
(2007) report, around 45% of the total carbon emission is contrib-
uted by the production and transportation of goods.

In literature, researcher suggested that organizations need to
consider ecological and social aspects while fulfilling their eco-
nomic gains; (Wu et al., 2008), however, environmental obligations
will also add more costs to the organizations (Margolis et al., 2009;
Wu and Pagell, 2011). Hence, it is important to focus on the eco-
nomic parameters while implementing the SOM practices in
different industries such as households’ appliances industry. The
Indian Government is drafting the WEEE legislation (Sepúlveda
et al., 2010), however, due to poor regulations, some organiza-
tions are importing the WEEE and abstracting the reusable parts
form the equipment in an unprofessional manner, which is creating
high health risks and damage to the environment (Sepúlveda et al.,
2010; Ongondo et al., 2011). To overcome these challenges, the
manufacturing organizations must seek to adopt SOM practices in
dhin et al. (2009); Ahi and Searcy (2013); Genovese et al. (2017).

3); Rajeev et al. (2017).

Soleimani (2017).

; Gupta and Palsule-Desai (2011); Hernandez-Vivanco et al. (2018).

9).
011).

rkley and Davis (2007); Ramudhin et al. (2009); Jabbour et al. (2015).

); Linton et al. (2007).
ol (2011); Hernandez-Vivanco et al. (2018).
9).
mudhin et al. (2009); Gupta and Palsule-Desai (2011); Govindan and Soleimani

ai (2011); Govindan and Cheng (2015); Belvedere and Grando (2017).
bihi and Eglese (2007); Ramudhin et al. (2009); Büyük€ozkan and Berkol (2011);

et al. (2012).
ngla et al. (2016a,b); Govindan and Soleimani (2017).
Gopalakrishnan et al. (2012).
011); Jabbour et al. (2015); Jabbour and de Sousa Jabbour (2016).

2007); Munda (2009); Mutti et al. (2012); Tang and Zhou (2012).
9); Büyük€ozkan and Berkol (2011); Gupta and Palsule-Desai (2011);

et al. (2012).
004); Mutti et al. (2012).

.
et al. (2012).

vri�c et al. (2013); Tukker (2015).
olicic and Smith (2013).
; Badurdeen et al. (2009); Gopalakrishnan et al. (2012).



Table 3
Fuzzy linguistic scale for prioritizing each factor.

Linguistic variables TFN Inverse TFN

Equally preferred (~1=~1
�1

) (1, 1, 1) (1, 1, 1)

Weakly preferred (~2=~2
�1

) (1, 3, 5) (1/5, 1/3, 1)

Strongly preferred (~3=~3
�1

) (3, 5, 7) (1/7, 1/5, 1/3)

Very strongly preferred (~4=~4
�1

) (5, 7, 9) (1/9, 1/7, 1/5)

Extremely more preferred (~5=~5
�1

) (7, 9, 11) (1/11, 1/9, 1/7)

Source: Kabra and Ramesh (2015).
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the household appliances sector (Ongondo et al., 2011). The area of
SOM practices in a household appliance is comparatively less
explored (Manomaivibool, 2009; Ongondo et al., 2011;
Brandenburg et al., 2014), which provides justification to conduct
this work.

3. Research methods

The present research uses a combined hybrid (fuzzy AHP-
DEMATEL) approach (Sun, 2010; Chou et al., 2012; Pandey and
Kumar, 2017). AHP is a structured tool used for analyzing the
complex decisions through hierarchical structure (Ananda and
Herath, 2009; Thakur and Ramesh, 2017). However, decision-
making involves subjective judgments, qualitative evaluations,
perception, and imprecision, (Chou et al., 2012). Hence, to deal with
this problem of vague information, several researchers have com-
bined AHP with fuzzy set theory, (Pandey and Kumar, 2017; Mangla
et al., 2017). Fuzzy-DEMATEL is helpful in identifying the in-
terrelationships among various factors of investigation under un-
certain conditions and information (Lin, 2013;Mangla et al., 2016b).
In the present study, fuzzy-DEMATEL helps in categorizing the
various factors of SOM in the cause and effect groups.

Amui et al. (2017) suggested that for future sustainable transi-
tion researchers should mix various methodologies in various
sectors in developing countries.

Furthermore, the fuzzy-AHP and fuzzy-DEMATEL have been
combined for the following reasons (Sun, 2010; Chou et al., 2012;
Pandey and Kumar, 2017; Mangla et al., 2015): firstly, the prioriti-
zation of the factors will help the managers to understand rank of
each factor in implementing SOM practices. Secondly, fuzzy-
DEMATEL will provide the additional information about the
cause-effect relationships among factors, which will help the
managers to target the cause variables more in comparison to effect
variables in improving long-term performance of the organizations.
Thirdly, fuzzy set theory will help in understanding factors deeply
by capturing the responses on fuzzy triangular number scale.
Finally, the combined fuzzy-AHP and fuzzy-DEMATEL approach
will provide comprehensive information that help in setting up the
standards operating procedures (SOPs) for business organizations
to adopt SOM. Table 2 highlights the applications of the proposed
hybrid approach, in various fields.

3.1. Fuzzy set theory

Zadeh (1965) introduced the fuzzy concepts to assist decision
making in managerial perspectives. Decision making in business
organizations depends on several criteria such as qualitative per-
ceptions provided by human beings, shortage of data, uncertainty
in judgements etc. In this sense, business manager's needs to
transform linguistic judgements of humans into definite forms for
making effective decisions with limited information (Zimmerman,
1996). In uncertain situations, the experts need to use the linguistic
variables to make the pair-wise comparisons (Lin, 2013). Further,
the results computed can be misleading, if fuzziness during
Table 2
Applications of hybrid AHP/fuzzy-AHP and DEMATEL/fuzzy-DEMATEL.

Sl. No. Area

1. Examined the human resource for science and tec
2. Examined ERP adoption in the organization.
3. Evaluating the performance indicators of human
4. Evaluated the green management adoption
5. Evaluated the reverse logistics adoption
6. Evaluated the incomplete pair-wise comparison d
recording uncertain situations is not handled properly
(Vafadarnikjoo et al., 2018). Thus, we have used triangular fuzzy
numbers (TFNs) to decode the linguistic variables. A fuzzy set is
characterized by the membership function, with factors value be-
tween zero and one. TFN represented by (l, m, u) has been assigned
to various factors.

3.2. Fuzzy AHP

Prof. T. L. Saaty developed AHP, a decision-making technique in
the 1971 (Saaty, 1980). AHP is relatively easier and flexible to use
(Ananda and Herath, 2009). AHP prioritizes the various factors/al-
ternatives using pair-wise comparison matrices (Tseng et al., 2009;
Gandhi et al., 2016; Thakur and Ramesh, 2017). Recent trends in
research have shown that using hybrid approach by combining AHP
with other models have proliferated, so that synergy can be
maximized (Mangla et al., 2016a; Luthra et al., 2017). Fuzzy-AHP is
the advanced version of AHP, where the uncertain information
collected from various experts is processed to prioritize the factors
(Mangla et al., 2015, 2017). The present study includes the
following steps of Fuzzy-AHP:

Step 1: Statement of the problem e to prioritize the factors to
SOM.
Step 2: Identify all the dimensions and factors affecting the
sustainable manufacturing practices.
Step 3: Develop the pair-wise comparison matrices. Here, the
pair-wise comparison matrices among all the dimensions and
factors have been developed using expert's opinions. The pref-
erences of each factor over other have been recorded using
Table 3.

The pair-wise comparison matrix is constructed, as shown in
Eqn. (1) below:

~A
k ¼

~xk11 ~xk12 ……
~xk1n

~xk21 ~xk22 ……
~xk2n

… … …… …

~xkn1 ~xkn2 ……
~xknn

(1)

Where, ~A
k
represents the pair-wise comparison matrix concluded

from kth brain-storming session. ~xkij represents the preference of ith
Reference

hnology Chou et al. (2012)
Rouhani et al. (2013)

resource management. Abdullah and Zulkifli (2015)
Gandhi et al. (2016)
Mangla et al. (2016a)

one in AHP. Zhou et al. (2018)



Table 4
Fuzzy linguistic scale for recording influence of one factor on other.

Linguistic variables Triangular fuzzy number

No influence (~1) (0, 0.1, 0.3)

Very low influence (~2) (0.1, 0.3, 0.5)

Low influence (~3) (0.3, 0.5, 0.7)

High influence (~4) (0.5, 0.7, 0.9)

Very high influence (~5) (0.7, 0.9, 1.0)

Source: Wu and Lee (2007).
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factor over jth factor given by kth team/panel. For all pair-wise
comparison matrices resulted from five different brain-storming
sessions, the average has been calculated as shown below:

~xij ¼
Pk

k¼1~x
k
ij

k
(2)

k¼ number of brain-storming sessions.

Step 4: The geometric mean of fuzzy values of all the pair-wise
comparison matrices has been calculated by using following
equation (Buckley, 1985):

gGMi ¼
2
4Yn

j¼1
exij
3
51=n

; i ¼ 1; 2; …; n (3)
Step 5: Now, to calculate the fuzzy weights of each factor, the
following steps are taken:
i) Compute the vector summation of each gGMi for all the

factors.
ii) Find the inverse vector of summation of gGMi and arrange the

triangular fuzzy number in-terms of increasing order.
iii) To find out the fuzzy weight of ith criterion, multiply eachgGMi with the reverse vector.

fwi ¼ gGMi*
�gGM1 þ gGM2 þ……þ gGMi

��1
(4)

¼ ðlwi; mwi; uwiÞ
Step 6: Thefwi is a TFN and need to be converted into single crisp
values. Here, the center of area method given by Chou and
Chang (2008), has been used for defuzzification.

Ci ¼
ðlwi; mwi; uwiÞ

3
(5)
Step 7: In the end, all-crisp values need to be normalized by
applying the following equation:

Ni ¼
CiPn
i¼1Ci

(6)
3.3. Fuzzy-DEMATEL

DEMATELmethod can solve problems based on the visualization
method (Wu and Tsai, 2012; Lin, 2013; Mangla et al., 2018).
DEMATEL technique uses structural modeling method to depict the
effect of one factor on the other and also the directions of re-
lationships among the various factors involved in the study.
Further, we applied fuzzy DEMATEL (Mangla et al., 2016b) for
handling uncertain situation using following steps:

Step 1: Calculate the average crisp values for all the pair-wise
comparisons

The responses about the relationships among various factors are
recorded from the industry experts’ panel. Experts have given their
preferences for various factors using the five-point linguistic scale
as shown in Table 4. Then these linguistic variables are decoded into
TFNs, which have been further converted into crisp values for
mathematical calculations.

To get the aggregated results from TFNs, the defuzzification
steps (shown in Appendix A (a1-a9)) are used to compute the crisp
value from the defined fuzzy set (Lin, 2013).

Step 2: Compute average relationship matrix (A)

Here, average direct relationship matrix is developed by calcu-
lating the average of all the ratings assigned by various experts.
Hence, to calculate the average matrix of all the responses, the
following equation is used:

A ¼ �
aij

� ¼ 1=n
Xn
k¼1

akij (7)

Step 3: Normalize the direct relationship matrix

Here, the direct relationship matrix is normalized by using
following equation:

F ¼ m� A (8)

Where,

m ¼ 1
�

max
1�i�n

Xn
j¼1

aij (9)

Step 4: Total relationship matrix

Total direct relation matrix is computed using the following
equation:

T ¼ FðI � FÞ�1 (10)

where I represents the identity matrix.
Let ‘RS’ and ‘CS’ represent the row sum and column sum in the

matrix ‘T’ respectively. The (RS)i value reflects the total direct and
indirect effects given by the ith factor on the other factors in the
final developed digraph. Similarly, (CS)j value indicates the total
direct and indirect effect received by the jth factor from all other
factors in the model. For all i¼ j, the total of row and column sum
(RSi þ CSj) reflects the total effect contributed and received by ith
factor in the whole model developed. Hence, higher the value of
(RSi þ CSj), more important that factor is in the model. (RSi-CSj)
value illustrates the net effect contributed by the ith factor in the
system. If (RSi-CSj) gives positive value, then it indicates that ith
factor is a net cause variable in the developed model and if value is
negative then ith factor is the net receiver variable (Lee et al., 2011).
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Step 5: Develop the digraph: Finally, the digraph is developed by
setting up the threshold value. Digraph considers the values
greater than the threshold value. The digraph is developed by
drawing the dataset of (RS þ CS, RS-CS) on the two-dimensional
plane.
4. Proposed framework

Fig. 1 illustartes the research framework proposed for the pre-
sent study. The study has been carried out in three stages as
highlighted below:

Phase 1: Identification and validation of factors (human-oper-
ational-technological aspects) to SOM

The factors to SOM practices in HAIs were identified through
literature review, field surveys and experts’ opinion. The identified
factors of SOM practices were empirically validated through ques-
tionnaire survey in the HAIs.

Phase 2: Prioritisation of factors

After validation of factors of SOM, the fuzzy-AHP approach has
been applied to prioritize the factors. The responses related to
preferences over various factors have been collected through the
brain-storming sessions held with the industry experts.

Phase 3: Categorisation of factors into cause and effect

After the prioritization, these factors were analyzed to find the
cause and effect groups. The opinion from the industry experts
were taken as input for this.
5. Case study

Initially, we approached 12 manufacturing units, but due to
seasonal demand of the products and other operational issues, only
five manufacturing units were participated (see Table 5) in this
work. The other reason for participation in this study by the five
organizations is - all five units are involved in the environmental
sustainability practices. All these manufacturing units may vary in
their product range, but for our study we have considered the op-
erations and supply chain practices of those appliances’ industries,
which are having the product age between 8 and 12 years (like:
juicer, mixture and grinders (JMG), air condition (AC), iron, fans,
cooler, dishwashers, washing machines, microwave ovens, freezers
etc.). All these manufacturing units may have different products
mix, but they are somewhat similar in their operational and supply
chain practices.

The data collection process for this work lasted for approxi-
mately five months (March 2018 to July 2018), including the
brainstorming sessions. Brainstorming sessions were held with the
Fig. 1. Proposed research framework.
experts of different areas to get the preferences of one factor over
other factors. The qualitative data were recorded form each brain-
storming session and further used for the analysis. Data collection
has been done in two stages: firstly, all the identified variables of
SOM have been verified through experts' inputs in various brain-
storming sessions and secondly, the selected variables have been
further analyzed with respect to HAIs. Data were collected from the
manufacturing plants, which have been producing the home ap-
pliances with products' average age between 8 and 12 years. As per
the proposed framework, the three phases’ results have been
shown in the following sub-sections.

5.1. Phase 1: identification and validation of factors (human-
operational-technological aspects) to SOM

First stage questionnaire has been developed by including 41
factors of SOM practices in manufacturing industries irrespective of
the nature of the product, they are producing. Then these items
have been verified by conducting the survey through various home
appliances manufacturing organizations in India. The inputs from
the experts from the manufacturing industries and other pilot
surveys ensured the reliability and face validity of the questionnaire
(Ye and Wang, 2013). The five-point Likert's scale (ranging from
strongly disagree (1) to strongly agree (5)) has been developed to
record the preferences of the respondents over these 41 items. The
detailed sample taken from each firm and effective questionnaires
received (response rate) have been shown in Table 5. Notably, 250
questionnaires were sent to five home appliances industries and
we received 197 filled questionnaires back, out of which 44 were
incomplete. Hence, finally, 153 questionnaires were analyzed (with
a response rate of 61.2%), which is acceptable as per Hair et al.
(2009).

The descriptive statistics of the survey has been highlighted in
Table 6. The results clearly show that not all factors of SOM prac-
tices are significant for the home appliance manufacturing orga-
nization. Out of total 41 factors identified, only 28 factors are having
the mean score ranging from 3.92 to 4.61 with a standard deviation
(SD) of ranging from 0.675 to 0.839. Thereafter, the selected 28
factors have been categorized into eight dimensions of SOM prac-
tices with the consent of industry experts. Hence, finally, 28 factors
of SOM in HAIs have been further analyzed for implementation
purpose.

5.2. Phase 2: prioritisation of factors to SOM

Next, the selected factors were analyzed for their ranking. To
collect the experts’ opinion, five brainstorming sessions were held
with experts of five different manufacturing firms. The members
present in each session and their experience details have been
highlighted in Table 5. Each brainstorming sessionwas started with
the structured questionnaire and the responses from the five
brainstorming sessions have been collected. The preferences for
eight main dimensions of SOM have been compiled from brain-
storming sessions. The pairwise comparison matrices for eight di-
mensions have been highlighted in Table 7.

The above linguistic pair-wise comparison matrix has been
converted into TFNs using Table 3 and further, the average matrix
from all the five brain-storming sessions have been computed by
applying Eqn. (2). Thereafter, the geometric mean for all the pair-
wise comparisons has been calculated by using Eqn. (3). After
calculating the aggregated matrix, now, the vector sum of the
geometric mean for each factor is computed as defined in Step 5 in
the methodology section. Thereafter, Eqn. (4) has been applied to
calculating the fuzzy weight of each dimension of SOM. These fuzzy
weights have been further converted into crisp values using Eqn.



Table 5
Details of five manufacturing firms and experts participated in brainstorming sessions.

Manufacturing
unit

Location Products considered Sample for
empirical
investigation

Members in the brain-storming sessions

Sample Response
rate

Experience (10e15
years)

Experience (15e20
years)

Experience (20e25
years)

Total
members

A Baddi, Himachal Pradesh,
India

JMG, Irons, Fans, AC 50 37 (74%) 07 03 01 11

B Baddi, Himachal Pradesh,
India

JMG, Fans, Coolers 50 23 (46%) 08 03 02 13

C Chandigarh, India AC, Coolers, Fans,
Dishwashers

50 41 (82%) 10 01 00 11

D NCR, Delhi, India Freezers, AC, Coolers,
Fans

50 19 (38%) 06 05 03 14

E NCR, Delhi, India Microwave oven, JMGs,
Irons

50 33 (66%) 07 02 03 12

Table 6
Descriptive statistics for SOM dimensions.

Dimensions SOM sub-factors Mean SD Further analysis

Supply chain and logistics management (SCLM) Green logistics (SCLM1) 3.95 0.79 Included
Green procurement (SCLM2) 3.96 0.81 Included
Logistics social responsibility (SCLM3) 3.92 0.68 Included
Sustainable warehousing (SCLM4) 4.21 0.67 Included
Vehicle routing and scheduling (SCLM5) 2.99 0.83 Deleted
Logistics and supply chain integration (SCLM6) 2.09 0.73 Deleted

Production management (PM) Green manufacturing (PM1) 3.98 0.77 Included
Green/sustainable packaging (PM2) 4.60 0.81 Included
Inventory operations (PM3) 4.01 0.83 Included
Productivity (PM4) 4.13 0.69 Included
Reduce production risks (PM5) 1.50 0.67 Deleted

Innovation and technological aspects (ITA) Green product development (ITA1) 4.57 0.80 Included
Green process development (ITA2) 4.510 0.72 Included
Product life extension (ITA3) 4.25 0.79 Included
Technology commercialization (ITA4) 4.13 0.68 Included
Green manufacturing facilities (ITA5) 3.01 0.75 Deleted

Resource recovery management (RRM) Remanufacturing (RRM1) 4.54 0.69 Included
Circular economy ((RRM2) 4.22 0.80 Included
Waste management (RRM3) 3.99 0.72 Included
Recycling (RRM4) 4.58 0.69 Included
Reverse logistics (RRM5) 2.04 0.67 Deleted

Human resources (HR) Sustainable HRM practices (HR1) 4.01 0.68 Included
Skilled human resources (HR2) 3.92 0.81 Included
Work hygiene and health facilities (HR3) 3.95 0.77 Included

Environmental aspects (EA) Consumption of natural resources (EA1) 4.61 0.71 Included
Pollution emission (EA2) 4.52 0.79 Included
Clean/sustainable transport modes (EA3) 4.24 0.76 Included
Global warming (EA4) 2.96 0.81 Deleted

Social aspects (SA) Wages and Income distribution (SA1) 4.48 0.83 Included
Employment (SA2) 4.02 0.69 Included
Community wellbeing and safety (SA3) 3.98 0.69 Included
Population growth (SA4) 1.23 0.61 Deleted
Cultural impacts (SA5) 2.45 0.74 Deleted
Social uncertainties (SA6) 1.98 0.84 Deleted

Economic issues (EI) Operational costs (EI1) 4.55 0.71 Included
Profitability (EI2) 4.61 0.77 Included
Stakeholders' role (primary and secondary) (EI3) 3.99 0.77 Included
GDP contribution (EI4) 2.21 0.78 Deleted
Labour efficiency (EI5) 2.98 0.69 Deleted
Market concentration (EI6) 2.28 0.73 Deleted
Import dependency (EI7) 2.45 0.75 Deleted
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(5). Finally, the priority weight of each dimension has been
normalized and results have been highlighted in Table 8.

Similarly, the pair-wise comparison matrices for various sub-
factors grouped into main dimensions of SOM, have been recor-
ded (as highlighted in Appendix B1-B8). Thereafter, the individual
weight of each factor, their priority weights and the overall relative
weight of each factor have been computed as shown in Table 8.
5.3. Phase 3: classification of factors into cause and effect group

To develop the cause and effect digraph, the experts in the
brainstorming sessions were asked to rate the degree of influence
of one factor on the other on a scale of 1e5 as shown in Table 4. The
linguistic data collected from five different sessions have been
converted into TFNs and further normalized by using equations
shown in Appendix A (a1-a6). The obtained right and left



Table 7
Pair-wise comparison matrix of dimensions of SOM.

SCLM PM ITA RRM HR EA SA EI
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Table 8
Weights of eight dimensions and 28 sub-factors of SOM.

SOM Dimensions Normalized priority weights Ranking order SOM sub-factors Normalized priority weights Overall priority weights Ranking order

SCLM 0.034 7 SCLM1 0.068 0.002 27
SCLM2 0.271 0.009 20
SCLM3 0.076 0.003 26
SCLM4 0.585 0.020 13

PM 0.101 5 PM1 0.064 0.006 23
PM2 0.571 0.058 5
PM3 0.133 0.013 18
PM4 0.232 0.023 12

ITA 0.164 2 ITA1 0.570 0.093 2
ITA2 0.283 0.046 8
ITA3 0.103 0.017 15
ITA4 0.044 0.007 21

RRM 0.139 3 RRM1 0.308 0.043 9
RRM2 0.128 0.018 14
RRM3 0.042 0.006 24
RRM4 0.522 0.073 3

HR 0.020 8 HR1 0.703 0.014 17
HR2 0.079 0.002 28
HR3 0.218 0.004 25

EA 0.352 1 EA1 0.763 0.269 1
EA2 0.162 0.057 6
EA3 0.075 0.026 11

SA 0.079 6 SA1 0.707 0.056 7
SA2 0.091 0.007 22
SA3 0.207 0.016 16

EI 0.111 4 EI1 0.301 0.033 10
EI2 0.614 0.068 4
EI3 0.084 0.009 19
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normalized triangular values have been converted into crisp
numbers by applying equations shown in Appendix A (a7-a9).
Thereafter, Eqn. (7) has been applied to calculate the initial direct
relationship matrix (A) (shown in Eqn. (11)) of eight dimensions to
SOM.

A¼

2
66666666664

0 0:578 0 0:766 0:358 0:766 0:376 0:766
0:766 0 0:358 0:376 0:376 0:578 0:376 0:766
0:578 0:766 0 0:766 0 0:766 0:376 0:578
0:578 0:766 0:766 0 0 0:766 0:578 0:766
0:376 0:578 0:578 0:578 0 0:578 0:766 0:766
0:578 0:766 0:358 0:358 0 0 0:578 0:578
0 0:376 0 0:358 0:578 0:376 0 0:766

0:766 0:578 0:358 0:578 0:578 0:578 0:578 0

3
77777777775
(11)

Now, the initial direct relationship has been normalized, which
is further converted into Total relation matrix has been calculated
using Eqn. (10).

Total relation matrix
ðTÞ ¼

2
66666666664

0:26 0:40 0:17 0:38 0:21 0:43 0:32 0:47
0:40 0:30 0:23 0:32 0:22 0:40 0:32 0:47
0:38 0:45 0:18 0:40 0:15 0:45 0:33 0:45
0:40 0:47 0:32 0:29 0:17 0:47 0:38 0:51
0:37 0:44 0:30 0:39 0:17 0:44 0:42 0:51
0:34 0:39 0:21 0:29 0:14 0:26 0:32 0:40
0:19 0:28 0:13 0:24 0:22 0:28 0:18 0:37
0:42 0:43 0:25 0:38 0:26 0:43 0:38 0:37

3
77777777775
(12)

From the total relationship matrix (T), the total effect given and
received by a particular dimension has been calculated. Table 9
highlights the interrelationships among eight dimensions to SOM.
Fig. 2 depicts the corresponding cause and effect digraph for the
dimensions. The direction of arrow coming out from the particular
dimension in the digraph represents the effect contributed to the
dimension at the head of the arrow. The arrow coming into the
dimension shows the total effect received by that factor from the
other factors in the digraph.

Similarly, all the sub-factors categorized under eight dimensions



Table 9
Cause and effect analysis of all dimensions and sub-factors of SOM.

Dimensions R þ C ReC Dimensions' Group Sub-factors R þ C ReC Factors' Group

SCLM 5.416 �0.102 Effect SCLM1 14.52 �1.59 Effect
SCLM2 15.99 �0.11 Effect
SCLM3 11.96 2.45 Cause
SCLM4 15.35 �0.75 Effect

PM 5.805 �0.517 Effect PM1 12.08 �0.09 Effect
PM2 9.03 �1.17 Effect
PM3 10.71 1.64 Cause
PM4 10.85 �0.39 Effect

ITA 4.565 0.999 Cause ITA1 6.71 �0.67 Effect
ITA2 6.80 �0.64 Effect
ITA3 6.37 �0.33 Effect
ITA4 6.43 1.65 Cause

RRM 5.708 0.314 Cause RRM1 28.89 �0.98 Effect
RRM2 28.96 0.91 Cause
RRM3 26.73 1.05 Cause
RRM4 28.89 �0.98 Effect

HR 4.561 1.501 Cause HR1 11.14 �0.67 Effect
HR2 9.82 2.00 Cause
HR3 10.49 �1.33 Effect

EA 5.478 �0.818 Effect EA1 1.54 0.52 Cause
EA2 1.43 �1.43 Effect
EA3 1.62 0.91 Cause

SA 4.513 �0.749 Effect SA1 14.65 �0.92 Effect
SA2 13.81 1.98 Cause
SA3 14.95 �1.06 Effect

EI 6.443 �0.627 Effect EI1 2.17 2.17 Cause
EI2 2.20 �0.74 Effect
EI3 1.83 �0.34 Effect

Fig. 2. Cause and effect relationship digraph for main dimensions of SOM.
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of SOM with respect to HAIs, have been analyzed to compute their
cause and effect relationships. The results have been summarized
in Table 9. The cause and effect digraph for all 28 factors grouped
into eight dimensions of SOM in HAIs have been shown in
Appendix C (C1eC8).
6. Discussions

Fuzzy-AHP has resulted ‘Environmental aspects (35.2%)’ as the
highest rated dimension in the HAIs. The present study also
concluded that approximately 65% weight has been given to top
three dimensions: ‘Environmental aspects (35.2%)’, ‘Innovation and
technological aspects (16.4%)’ and ‘Resource recovery management
(13.9%)’. Then economic issues (11.1%), production management
(10.1%), social aspects (7.9%), supply chain and logistics manage-
ment (3.4%), and human resources (2.0%) have followed these di-
mensions. Additionally, fuzzy DEMATEL analyzed the
interrelationships among various dimensions of SOM and their



V. Thakur, S.K. Mangla / Journal of Cleaner Production 213 (2019) 847e862856
factors. Based on fuzzy DEMATEL analysis, the innovation and
technological aspects, resource recovery management, and human
resources are classified under cause group dimensions. While,
environmental aspect, supply chain and logistics management,
production management, and social aspects belong to effect di-
mensions. The factors within the dimensions are also evaluated for
their priority and cause and effect relationships along with a
detailed analysis as follows:

� In ‘supply chain and logistics management’ dimension, ‘sus-
tainable warehousing (58.5%)’ has been given the highest pri-
ority, followed by ‘green procurement (27.1%)’, then ‘logistic
social responsibility (7.6%)’ and in the last ‘green logistics (6.8%)’.
Sustainable warehousing should provide safe storage for haz-
ardous material and support the reverse logistics functions to
ensure the recycling initiatives (Carter and Jennings, 2002).
Howarth and Hadfield (2006) highlighted that the
manufacturing organizations should select the eco-friendly raw
material, followed by proper production and distribution sys-
tem and specify the final disposal with the least impact on the
environment. Under ‘supply chain management’ dimension,
‘logistics social responsibility’ has been identified as the causal
factor and the rest three factors are effect factors. Therefore,
implementing strategies like: green logistics, green procure-
ment, and sustainable warehousing would take care of the so-
ciety during transportation.

� In ‘production management’ dimension, ‘green packaging
(57.1%)’ has been assigned the highest degree, followed by
‘productivity (23.2%)’ and ‘inventory operations (13.3%)’. Re-
spondents have given the lowest importance to ‘green
manufacturing (6.4%)’ for implementing sustainable production
management practices in HAIs. James et al. (2005) stressed that
sustainable packaging should protect the product through the
whole supply chain; should be material and energy efficient;
and could be recycled continuously without posing any risks to
ecosystems. Zailani et al. (2012) has shown positive effects of
sustainability consideration on supply chain performance with
respect to the economy and social aspects. Further, within this
dimension, ‘inventory operations’ has been calculated as the
causal factor while implementing the SOM practices in the HAIs.
While, green manufacturing, sustainable packaging, productiv-
ity have been observed as the effect factors.

� In ‘innovation and technological aspects’ dimension, ‘green
product development (57.0%)’ and ‘green process development
(28.3%)’ have been rated high, and ‘product life extension
(10.3%)’ and ‘technology commercialization (4.4%)’ have been
given low preferences. Green product and green process
development can be achieved by using more clean technologies
for making the products/services and eliminating the by-
products (Kemp, 1994; Mangla et al., 2017). Further, within
this dimension, ‘technology commercialization’ has been stated
as the causal factors, which will drive the performance of three
other effect factors (green product development, green process
development, product life extension) in the group.

� In ‘resource recovery management, ‘recycling (52.2%)’ has been
assigned the highest degree for implementing reverse supply
chain operations in HAIs. This has been followed by ‘remanu-
facturing (30.8%)’, then ‘circular economy (12.8%)’ and ‘waste
management (4.2%)’. Gold et al. (2010) and Kannan et al. (2014)
highlighted the key drivers of recycling: cooperation and
collaboration with green suppliers for reducing packaging,
wastes, and by-products. For implementing the remanufactur-
ing process in HAIs, it is important to analyze the remaining life
of the various components at the end of the products (Geyer
et al., 2007). Developing reverse logistics channels (Mangla
et al., 2013, 2016a) could also be an effective area to manage
waste in HAIs. Further, within this dimension, ‘circular economy’
and ‘waste management’ have been calculated as the causal
factor, which will affect the implementation of ‘remanufactur-
ing’ and ‘recycling’ in HAIs. If proper segregation of the used
products can be assured by proper waste management policies,
then it can help in reuse and recycling some of its components.

� In the ‘human resources’ dimension, ‘sustainable HRM practices
(70.3%)’ has been given the most importance for implementing
sustainable human resource practices in HAIs. Work hygiene
and health facilities (21.8%) and skilled human resources (7.9%)
have followed this. Hart and Milstein (2003) advocated that
sustainable HRM development include human development as
a prime resource. The investment for the development of hu-
man skills is the part of sustainable human resources (Yadav
et al., 2018). Further, within this dimension, ‘skilled human re-
sources’ is identified as the causal factor, while other two factors
(sustainable HRM and work hygiene & health facilities) are the
effect group factors, whose implementation will depend upon
the skills and knowledge of the people working in the
organization.

� In the ‘environmental aspects’ dimension, ‘consumption of
natural resources (76.3%)’ factor has been given the highest
degree, followed by ‘pollution emission (16.2%)’ and ‘sustainable
transportation mode (7.5%)’. Home appliances' supply chains in
the market, are continuously exploiting the natural resources to
deliver their products to the customers for making economic
profits. Hodges (2009) stressed environmental sustainability
should be implemented through: energy efficiency, use and
reuse of resources, waste recycling, standard practices, and
safety measures. Further, within this dimension, ‘consumption
of natural resources’ and ‘sustainable transport mode’ are causal
factors that produce an effect on ‘pollution emission’ factor.
More usage of clean transport modes and less depletion of
natural resources will help in providing pollution free environ-
ment to the society.

� In the ‘social aspects’ dimension, the ‘wages and income dis-
tribution (70.7%)’ has been given the highest degree, followed by
‘community well-being and safety (20.7%)’ and ‘employment
(9.1%)’. Fair income distribution, good health, full employment,
and employees' rights are the main elements of the sustainable
social dimension in every organization. There should be an
equal distribution of income and assets; otherwise, it may create
huge problems for the social dimension of sustainable opera-
tions management (Spangenberg, 2004). Further, within this
dimensions, ‘employment generation’ has been determined as
the causal group factor and ‘wages and income generation’ and
‘community wellbeing and safety’ have been identified as the
effect group factors. More employment opportunities will help
in raising the income of the community and people will feel
more secure for their financial concerns.

� Under ‘economic issues’ dimension, the ‘profitability (61.4%)’
factor has been rated highest, then ‘operational costs (30.1%)’
followed by ‘stakeholders’ role (8.4%)’ for implementing sus-
tainable economic dimension in HAIs. Supplier management is
also crucial in improving sustainability among organizations
(Luthra et al., 2017). Sustainable value chains have a positive
influence on firms' profitability (Carter and Rogers, 2008; Golicic
and Smith, 2013). Sustainable operations management will help
in lowering the operational and transportation costs, and hence,
firms can enjoy higher market share. Further, within this
dimension, ‘operational costs’ factor has been identified as the
cause group factor, which will affect the ‘profitability’ and
‘stakeholders’ role’. Managers may improve the profit margins
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and lower the costs by implementing sustainable practices in
business.
6.1. Implications for managers

The authors discussed the findings with the experts and they
found the results very relevant for change management for orga-
nizational sustainability in HAIs. This research offers a structured
approach to managers to prioritize the factors in implementing
SOM practices. Moreover, the explored cause and effect relation-
ships will help the experts in identifying the cause factors to target
the effect group factors. Practicing managers of HAIs admit that
operational, human and technological aspects play a crucial role in
adopting SOM practices in its business levels.

Corporate houses had been exploiting the natural resources
since so long for the financial gains. In this era of globalization,
organizations are seeking to adopt sustainable business practices to
protect the natural resources and serve the common good of the
society (Wu and Pagell, 2011). Gopalakrishnan et al. (2012) advo-
cated that resource depletion is an important dimension for supply
chain sustainability. Organizations in HAIs should adopt Sustain-
able consumption and Organizations patterns for resource man-
agement (Mangla et al., 2017). In addition, sustainable production
should develop the eco-friendly product and lean operations for
manufacturing to consider the resource depletion as well as envi-
ronmental impacts (Kleindorfer et al., 2005; Vinodh and
Rajanayagam, 2010). Life cycle assessment tool provides the inter-
face, which helps in designing products while minimizing their
impact on the environment (Rebitzer et al., 2004). Researchers are
now focusing on designing parameters for ensuring the products
recovery through reverse supply chains. According to Linton et al.
(2007), adding remanufacturing and recycling into the existing
supply chain network will add extra burden and operational costs
for the short-term. However, it will further help in targeting sus-
tainability and open opportunities for improvement in business
(Corbett and Klassen, 2006).

Technological innovations have been the main source for the
sustained growth of the organizations (Hall and Martin's, 2005).
However, radical technological innovations sometimes lead to the
obsolescence of the frequently developed technology, resulting in
wastage of funds, and affect the environment negatively. Hence, HAIs
should invest more in developing the green product and process,
which can sustain for comparatively longer. Sustainability is not only
concerned with the product design, but also includes the by-
products produced during the transformation process and after
their end of life (Linton et al., 2007) and how these by-products can
be handled through reverse supply chain operations, which in-
cludes: remanufacturing, repairing and disposal of some waste
components (Govindan et al., 2015; Mangla et al., 2016a,b). Human
resource dimension is key to adopt change management for sus-
tainability for business organizations. Employees of the organization
are the key drivers for implementing sustainable practices through
the whole supply chain. Recently, Yadav et al. (2018) highlighted the
importance of human resource function to develop sustainability
concepts in an organizational context. Management should focus on
human skills development, leadership and team management, etc
for higher sustainable performance. Büyük€ozkan and Berkol (2011)
highlighted that sustainable organizations recruit talented human
skills, which focus on the environmental aspect of the business and
improves the productivity of the employees. Additionally, managers
may also organize the education and training programs with the
collaboration of academic institutions for implementing SOM prac-
tices at their premises.

6.2. Theoretical contributions

This study seeks to offer following contributions:

� Recognizing and validating the factors to SOM practices in
manufacturing organizations particularly in HAI in Indian
context.

� The finalized factors were prioritized using fuzzy-AHP. This will
facilitate managers to plan SOM orientation decision in their
value chains.

� The finalized factors were evaluated to examine their causal
relationships, using fuzzy-DEMATEL. This would help managers
to coordinate their efforts in efficient SOM adoption.

7. Conclusions

This work identifies and prioritizes the dimensions of SOM
particularly with human-operational-technical aspects in
manufacturing organizations specifically in the home appliances
companies. Thiswork listed 28 key factors under eight dimensions to
SOM using literature, which are validated through expert's opinions.
The study applies combined fuzzy AHP - DEMATEL for ranking the
key factors and analyzing further the cause-effect relationships
among the listed factors. Based on findings, ‘Environmental aspects’,
‘Innovation and technological aspects’ and ‘Resources recovery
management’ dimensions were prioritized with the high weightage.
This implies that managers should focus primarily on these three
dimensions in implementation of SOM practices.

Additionally, ‘Innovation and technological aspects’, ‘Resources
recovery management’, and ‘Human resources’ dimensions were
identified as the cause group factors and remaining five (‘Supply
chain and logistics management’, ‘Production management’,
‘Environmental aspects’, ‘Social aspects’, and ‘Economic issues’) are
placed in the effect group. The cause-effect diagrams will assist
managers to implement SOM practices in their organizations.

This study identifies the key drivers for implementing the SOM
practices in HAIs. The study can be enhanced to set the SOM
practices by considering these factors, for attaining the long-term
sustainable business success in the related industries. These di-
mensions can be further analyzed for different types of industries
for their sustainable business development. The present study's
scope is limited to HAIs, which includes the judgments of the ex-
perts working in India. Since India is a developing nation, hence,
the factors may differ, if we compare with the developed economy,
where they have more advanced technologies. Therefore, the
challenges for developing nations like India, where SOM practices
are still emerging, are different. The present study focuses on the
SOM practices at five manufacturing firms, which can be extended
to include SOM practices at all the supply chain partners (like: raw
material suppliers, sub-assembly partners, logistic partners etc.).
Hence, the dimensions of SOM can be considered for all the part-
ners involved in the journey of a particular product life cycle.

Appendix D. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jclepro.2018.12.201.
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Appendix A. Defuzzification steps followed in fuzzy AHP

i) Normalization of TFN

Let x be a TFN with membership function (a1, a2, a3).

a1ij ¼
�
a1ij �minja1ij

�	
Dmax
min (A.1)

a2ij ¼
�
a2ij �minja2ij

�	
Dmax
min (A.2)

a3ij ¼
�
a3ij �minja3ij

�	
Dmax
min (A.3)

where,

D max
min ¼ �

maxjrij �minjlij
�

(A.4)

maxjrijrepresents the maximum right limit of TFN assigned by the
particular expert.minjlij is the minimum left limit of TFN assigned
by the particular expert.

ii) Right and left normalized values:

Right normalized value ¼ rij ¼ a3ij
	�

1þ a3ij � a2ij
�

(A.5)

Left normalized value ¼ lij ¼ a2ij
	�

1þ a2ij � a1ij
�

(A.6)
iii) Total normalized crisp value

xij ¼
�
lij
�
1� lij

�þ rij � rij
�	�

1� lij þ rij
�

(A.7)

So, total normalized crisp value is

wij ¼ min aij þ xijD
max
min (A.8)

iv) Average crisp values from all the experts

Calculate the average crisp value for each comparison by
aggregating n number of experts by using following equation:

wn
ij ¼ 1=n

�
w1

ij þw2
ij þ…:wn

ij

�
(A.9)
Appendix B. Pairwise comparison of factors of SOM, resulted
from five brain-storming sessions (B1eB8)
Table B1
Pair-wise comparison matrix for four factors under SCLM

SCLM1 SCLM2

SCLM1 (1, 1, 1) ~3
�1

, ~4
�1

, ~3
�1

, ~2
�1

, ~3
�1

SCLM2 (1, 1, 1)

SCLM3

SCML4
Appendix C. Cause and effect digraphs for all the factors
under eight dimensions of SOM (C1eC8)

Fig. C1. Digraph depicting relationships among factors under SCLM
Fig. C2. Digraph depicting relationships among factors under PM3
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Table B2
Pair-wise comparison matrix for four factors under PM

PM1 PM2 PM3 PM4

PM1 (1, 1, 1) ~3
�1

, ~2
�1

, ~3
�1

, ~2
�1

, ~2
�1 ~4

�1
, ~5

�1
, ~4

�1
, ~3

�1
, ~5

�1 ~3
�1

, ~2
�1

, ~2
�1

, ~4
�1

, ~3
�1

PM2 (1, 1, 1) ~4, ~5, ~3, ~4, ~5 ~2, ~4, ~3, ~4, ~2
PM3 (1, 1, 1) ~2

�1 ~4
�1

, 2�1, ~3
�1

, ~2
�1

PM4 (1, 1, 1)

Table B3
Pair-wise comparison matrix for four factors under ITA

ITA1 ITA2 ITA3 ITA4

ITA1 (1, 1, 1) ~3, ~2, ~3, ~2, ~2 ~4, ~5, ~4, ~3, ~2 ~5, ~4, ~3, ~4, ~5
ITA2 (1, 1, 1) ~3, ~4, ~3, ~2, ~3 ~4, ~3, ~5, ~4, ~2
ITA3 (1, 1, 1) ~3, ~2, ~3, ~4, ~2
ITA4 (1, 1, 1)

Table B4
Pair-wise comparison matrix for four factors under RRM

RRM1 RRM2 RRM3 RRM4

RRM1 (1, 1, 1) ~3, ~2, ~3, ~4, ~2 ~4, ~5, ~4, ~3, ~5 ~3
�1

, ~2
�1

, ~3
�1

, ~2
�1

, ~2
�1

RRM2 (1, 1, 1) ~3, ~4, ~3, ~2, ~3 ~3
�1

, ~2
�1

, ~4
�1

, ~2
�1

, ~4
�1

RRM3 (1, 1, 1) ~3
�1

, ~5
�1

, ~4
�1

, ~5
�1

, ~5
�1

RRM4 (1, 1, 1)

Table B5
Pair-wise comparison matrix for three factors under HR

HR1 HR2 HR3

HR1 (1, 1, 1) ~4, ~5, ~3, ~4, ~5 ~2, ~3, ~4, ~3, ~2
HR2 (1, 1, 1) ~3

�1
, ~2

�1
, ~3

�1
, ~2

�1
, ~3

�1

HR3 (1, 1, 1)

Table B6
Pair-wise comparison matrix for three factors under EA

EA1 EA2 EA3

EA1 (1, 1, 1) ~3, ~2, ~3, ~4, ~2 ~4, ~5, ~4, ~3, ~5
EA2 (1, 1, 1) ~3, ~4, ~3, ~2, ~3
EA3 (1, 1, 1)

Table B7
Pair-wise comparison matrix for three factors under SA

SA1 SA2 SA3

SA1 (1, 1, 1) ~4, ~5, ~5, ~4, ~5 ~2, ~3, ~1, ~3, ~2
SA2 (1, 1, 1) ~3

�1
, ~2

�1
, ~3

�1
, ~1

�1
, ~2

�1

SA3 (1, 1, 1)

Table B8
Pair-wise comparison matrix for three factors under EI

EI1 EI2 EI3

EI1 (1, 1, 1) ~3
�1

, ~2
�1

, ~3
�1

, ~1
�1

, ~4
�1 ~2, ~3, ~4, ~3, ~2

EI2 (1, 1, 1) ~4, ~3, ~4, ~5, ~3
EI3 (1, 1, 1)
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Fig. C3. Digraph depicting relationships among factors under ITA4

Fig. C4. Digraph depicting relationships among factors under RRM5
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Fig. C6. Digraph depicting relationships among factors under EA7
Fig. C5. Digraph depicting relationships among factors under HR6

Fig. C7. Digraph depicting relationships among factors under SA8
Fig. C8. Digraph depicting relationships among factors under EI9
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