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Abstract

Cleaner production (CP) approaches and technologies are top-tier tools to align with sustainable innovation policies
and furthermore, governments of the developing countries have become mindful about sustainable strategies to
prevent pollution in recent years. However, only a handful of organizations in textile industry in developing countries
have embraced CP approaches throughout the years. Therefore, this paper has shortlisted 20 barriers among all using
previous literature, expert opinion and assessment of the entire stakeholders chain from the perspective of textile
industries operating in developing countries which fall under 4 major criteria: i) Technologic and Information barrier,
ii) Economic and Financial barrier, iii) Market barrier, iv) Managerial barrier. Fuzzy Analytic Hierarchy Process
(FAHP) which is an excellent tool to deal with linguistic level of comparisons, has been used to rank these barriers to
set spotlight on the most critical group of barriers. The outcome of this paper will act as spur to set sustainable
strategies and goal against them while having limited resource. Finally, this paper stands out as it focuses on the
proactive step to ease the application of CP approaches on textile industry which accompany high environmental
expense in terms of dumping the untreated waste water into water bodies.
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1. Introduction

Cleaner Production (CP) is a concept that deals with utilizing the limited energy sources and materials used in
production efficiently and efficaciously as well as superseding the detrimental and virulent materials by materials that
are considered to be anodyne (Hens et al., 2018). The proper implementation of CP is consummated through
diminishing the misuse of raw materials and natural resources alongside a warranted utilization of energy, a significant
reduction in harmful emissions and wastes, and increasing the percentage of recycling (Basappaji & Nagesha, 2014).
This concept of preventive strategy has become more desideratum nowadays as the world is seeing an unprecedented
escalation in industrialization followed by an uncontrolled rate of urbanization and population boom. This implies the
need for an humungous amount of energy and materials to meet the ever increasing demand of the inhabitants of this
planet which in turn is achieved through exploitation and deterioration of the environment (Severo et al, 2017).

It is now recognized and substantiated that practices of CP entrench a higher profit margin in all sorts of industries in
addition to providing competitive advantages to them (Jia et al., 2014; Khalili et al., 2015). Every industry in the
developed countries has implemented the principles of CP and harvesting the benefits from it. However, the concepts
and practices of CP are yet to be popularized among developing countries especially, one like Bangladesh. Among
the different industries, the textile industry is one of the immensely important sectors in this country (Islam et al.,
2011). This industry is involved in employing about 65% of population currently engaged in industries. Moreover, the
lion’s share of the export earnings, currently more than 81%, comes from this industry (“Bangladesh Textile Industry:
Present Scenario, Future Prospects and Challenges,” 2017). Therefore, it can be averred without any doubt that
implementation of CP practices in this industry will be far more viable and profitable (de Oliveira Neto et al, 2019).
However, the barriers responsible for encumbering the application of CP are to be identified and obviated beforehand.
At present, the textile industry of this country is being hamstrung by many challenges such as, government restrictions,
environmental policies, frequent accidents and death of the labors, riots, strikes and so on (Hossan et al., 2012; Kurpad,
2014). In these unpropitious conditions, implementing the principles of CP through a rigorous eradication of the liable
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barriers at first can give a massive boost in the profit generation as well as pollution and wastage minimization in this
sector (Shi et al., 2008).

In this research work, the barriers to the execution and practice of CP in the textile industry of Bangladesh have been
revealed and classified into four major criteria and each of them further classified into 5 sub criteria with the help of
extant literature and experts in the relevant field of textile sector and subsequently, fuzzy AHP is applied to analyze
and finally prioritize these existing barriers. The outcome of this work should have climacteric managerial implications
in addition to a significant increase in the profit generation and pollution prevention in this vital sector of the country.

2. Literature Review

In this 21% century, people have become more concerned and vigilant for the environmental issues like global
warming, climate change, ozone depletion etc. As a result, there have been new adjustments and adaptations towards
establishment of eco-friendly technologies and operations in the industries to achieve a sustainable growth minimizing
wastage and harmful emissions (Basappaji & Nagesha, 2014). These recent apprehensions for the environment have
elicited green practices in developing new product that discourage the use of non-renewable energies, mitigate wastage
through recycling and reuse and thus create a less deleterious effect on the nature (Casamayor & Su, 2013; Kuo et al.,
2016). With this view in mind, numerous works related to CP are already available in the existing literature.

Severo et al. (2017) worked on the implementation of CP as well as environmental management (EM) for achieving
sustainability in the industries of Brazil whereas the work of Mitchell (2006) deals with determining the barriers the
hindered the execution of CP in Vietnam. Another work by Fang & C6t¢ (2005) involved a discussion on not only the
barriers but also the strategies and objectives of implementing CP in China. In a further study, CP approaches and
practices in Turkey was explored (Yiiksel, 2008). The aforementioned studies encompasses the implementation of CP
covering an entire country. There are also an adequate number of literature where practices of CP in a specific and
distinct industry are discussed. Such instances include an assessment of CP status in agro industries (Basappaji &
Nagesha, 2014), a methodology to subjugate the barriers to CP in the small and medium sized companies in Brazil
(Oliveira Neto et al., 2017), an evaluation of CP in vanadium extraction industry (Jia et al., 2014) and aviation industry
(Peng & Li, 2011), an assessment of the criteria to implement CP successfully in the printed wiring board
manufacturing industries in Taiwan (Tseng et al., 2009), and an application of CP concepts in the foundry industry
(Fore & Mbohwa, 2010). Despite the innumerous application and implementation of CP in various industries all over
the globe, researches on the CP practices in the textile industry are mere. The work by de Oliveira Neto et al. (2019)
contributes in the current literature by assessing the benefits obtained from utilizing the principles of CP in textile
industry of Brazil. Similar work by Ozturk et al. (2016) estimated a significant reduction of energy and materials
consumption besides lowering the amount of harmful emissions in the textile mills in future after the implementation
of 22 techniques relating to CP.

However, there is hardly any evidence on the presence of researches that encompass and encourage the enactment of
CP in the textile industries of Bangladesh. As mentioned earlier, implementing CP can create a conspicuous difference
in the industries of a progressing nation like Bangladesh. Since the textile sector is involved in gaining a large
percentage of export earnings and GDP and also facing byzantine issues relating to environment pollution and
government policies, implementing CP practices in this sector can tremendously enhance the economy and ensure
environmental sustainability of this nation. With a view to establishing CP acts in textile industry, the potential barriers
inherent in this industry’s structure are first identified with the help of existing literature and consulting with the
incumbents working at different positions of various textile companies. The identified barriers are divided into four
major types. The list of these barriers are presented in Fig 1.

3. Solution Methodology

AHP, developed by Saaty in 1971 is a widely known tool for multi-criteria or attribute decision making which is based
on algebraic assumption for prioritizing independent and hierarchical attributes. Later, Fuzzy AHP method has been
established which is capable of handling uncertainty as linguistic scale is often ambiguous and difficult to express
through sharp numbers as fuzzy set theory stands out in equivocal scenario. Among many options, triangular function
has been chosen to determine the priority of both major criteria and their subcategories over one another. Through
calculating pairwise comparison, synthetic extent analysis has been applied to convert the fuzzy triangular numbers
into priority weights.
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1. Technologic and information gaps (TB1)

2. Technological awareness and expertise (TB2)

Technologic and 3. Lack of access to external technical support (TB3)
Information barrier (A1)

4. Difficulty to access information on CP (TB4)

5. Lack of technical training on the shop floor (TB5)

1. Shortage of financial incentives (EFB1)

2. High initial capital cost (EFB2)

Economic and Financial

barrier (A2) 3. Difficulty in accessing financial capital (EFB3)

4. Poor financial performance of CP (EFB4)

5. Lack of effective evaluation measures (EFB5)

Barriers

. Lacks environmental enforcement (MB1)

. Absence of economic incentive policies (MB2)

Market barrier (A3)

. Lack of market preference/demands (MB3)

4. Inadequate industrial self-regulation (MB4)

5. Weak public awareness and pressure (MB5)

1. Higher priorities to production expansion(ManB1)

2. Concern about competitiveness (ManB2)

S N N ]

Managerial barrier (A4) 3. Management resistance to change (ManB3)

4. Lack of awareness of CP (ManB4)

5. Inadequate management capacity (ManB5)

Figure 1. Identification and hierarchy of barriers under four major criteria

The methodology of the proposed model can be summarize through the following steps.
Step 1: Identification of factors through establishing expert group

In this step, a decision group consist of experts (both academics and practitioners) has to be selected to take opinions
for both data entry or shortlisting factors. Questionnaire to collect these data has been made with linguistic options.

Step 2: Establish hierarchical structure

After identifying the factors through extensive literature review and further shortlisting them by expert opinion, a
hierarchy with a goal which branches into levels and sublevel has to be established.
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Step 3: Defining fuzzy triangular scale of relative importance

In this study, the triangular fuzzy numbers (TFN), 1t09, have been used to replace conventional scaling points to take
the uncertainty into consideration. As the qualitative assessment is replaced with numerical value, the five TFN

(1,3,5,7,9) are defined instead of sharp numbers to handle the imprecision. All these alternatives are linguistically
listed in Table-1.

Table 1. Linguistic variable to triangular fuzzy conversion scale

Triangular fuzzy

Linguistic scale Fuzzy numbers Triangular fuzzy scale .
reciprocal scale
Just equal il (1,1,1) (1,1,1)
Equally important 1 (1,1,3) (1/3,1,1)
Weakly important 3 (1,3,5) (1/5,1/3,1)
Strongly important 5 (3,5,7) (1/7,1/5,1/3)
Very strongly important 7 (5,7,9) (1/9,1/7,1/5)
Extremely Preferred 9 (7,9,9) (1/9,1/9,1/7)

Step 4: Establishing the pairwise comparison matrix

Fuzzy pairwise comparison matrix is established for all criteria and sub-criteria for further approach. If factor i has
fuzzy triangular numbers assigned to it when compared to factor j, then j has the reciprocal of the aforementioned
value when compared to 1.

Step 5: Evaluate consistency ratio

Consistency ratio for each matrix is evaluated to check the overall consistency of the model where the following
equations are used to determine the largest Eigen value, consistency index and consistency ratio respectively.

AW = oW

Where principle Eigen vector of the pairwise comparison matrix is denoted by w. (1
cl = lmax -n
n—1 2
Where n is the matrix size.
Cl
CR = 7l 3)

Where RI is random index number determined from Table-2.
The pairwise comparison matrix will be accepted only if CR < 0.1, otherwise it will have to go through further revise.

Table2. Random index for different matrix size

Size (n) 1 2 3 4 5 6 7 8
RI 0 0 0.52 0.9 1.12 1.25 1.35 1.40

Step 6: Calculation of priority weights at different level of hierarchy

The allocated triangular fuzzy numbers into the pairwise comparison matrix can be expressed as Méi(i =

1,2,3,...... ) =123, .. .. ,m) with the parameter a,b and c. So, the value of fuzzy synthetic extent can be
determined using equation (1).

m n m -1
Si=ZMéix ZZMéi 4)

Fuzzy addition is adopted to determine the value of Y72, M éi which has been shown in equation (2).
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m

i _ . . . .
ZMgi = Za],z b],z cj |, (i=123,...... ,1n) (5)

j=1 j=1 j=1 j=1
Using equation 4 and 5, fuzzy relative weights for each criteria can be determined.
Step 7: Synthetic extent analysis of the fuzzy relative weights

The degree of possibility of M, > M;can be defined as,

V(M, = M,) = sup [min (uml (), tim, (x))] (6)

where, M, = (az,bz_cz) and M; = (al,bl_cl).
This can be expressed as,

1, bz > bl

— — 0, a; > ¢
V(M, = My) = hgt(M; n M) = a4 —C, 7)

, otherwise
(b; —cz) — (by — 1)
From equation 6 it can be inferred that the highest intersection point between the criteria is necessary to compare M,
and M,. Later, the degree of possibility of a convex fuzzy number greater than all the other numbers compared with
can be evaluated by the following equation.

V(M = My, My, Mg, ... e e, M)
=V[(M = M,)and (M > My) and (M > My) ... ... ..and (M > M,) | ®)
=minV(M = M;)

where, i = 1,2,3......... ...k

Step8: Normalization of weight

In this step, the relative weight of each matrix is normalized and also, the global weight can be evaluated simply
multiplying the relative weights of major criteria with the corresponding relative weights of sub criteria.

4. Case Study
4.1 Identifying the barriers and structuring a hierarchy model

After identifying all possible barriers of cleaner production, only 20 among them have been selected through survey
which align with the perspective of textile industry in Bangladesh. Using this data, a tree hierarchy has been built up
where all these barriers fall under four major criteria (shown in figure 1).

4.2 Developing questionnaire and collecting expert opinion

Linguistic scale has been used to collect data about the priority in the comparison matrix from three expert (one
academic, and two practitioners). Later, these responses has been converted to triangular fuzzy scale using table 2. If
the criteria in row is more important, it is replaced by triangular fuzzy scale, otherwise the reciprocal scale is used.

4.3 Fuzzy evaluation of criteria

In this step, fuzzy comparison matrix for each criteria is constructed among its sub category. Fuzzy pairwise
comparison matrix of major criteria and their subcategories has been shown in Tables 3-7.
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Table 3. Pairwise comparison matrix of the major criteria

Attributes Al A2 A3 Ad
Al (1,1,1) (1,5/3,11/3) (5/3,11/3,17/3) (1/7,1/5,1/3)
A2 (3/11,3/5,1) (1,1,1) (3/7,3/5,1) (1/5,1/3,1)
A3 (3/17,3/11,3/5) (1,5/3,7/3) (1,1,1) (3/23,3/17,3/11)
A4 (3.5,7) (13.,5) (11/3,17/3,23/3) (1,1,1)

Table 4. Pairwise comparison matrix of technologic and information barrier

Attributes TBI TB2 TB3 TB4 TB5
TBI (11,1 (3/17,3/11,3/5) (1,7/3,13/3) (1/7,1/5,1/3) (1,7/3,13/3)
TB2 (5/3,11/3,17/3) (1,1,1) (11/3,17/3,23/3) (3/7,3/13,1)  (13/3,19/3,25/3)
TB3 (3/133/7,1)  (3/23,3/17,3/11) (1,1,1) (1/5,1/3,1) (1/3,1,1)
TB4 3,5,7) (1,13/3,7/3) (1,3,5) (1,1,1) 3.5.7)
TBS (3/133/7,1)  (3/25,3/19,3/13) (1,1,3) (1/7,1/5,1/3) (1,1,1)

Table 5. Pairwise comparison matrix of economic and financial barrier

Attributes EFBI EFB2 EFB3 EFB4 EFB5
EFBI (LL,1) (1/5,1/3,1) (3/11,3/5,1) (3/11,3/17,3/25)  (3/11,3/17,3/25)
EFB2 (5/3,11/3,17/3) (1,1,1) (1,7/3,13/3) (1/5,1/3,1) (1/5,1/3,1)
EFB3 (3/133/7,1)  (3/25,3/19,3/13) (1,1,1) (1/5,1/3,1) (1/7,1/5,1/3)
EFB4 (3.,5,7) (1,13/3,7/3) (1,3,5) (1,1,1) (1/5,1/3,1)
EFBS (3/13.3/7,1)  (3/25,3/19.3/13) (1,1,3) (1/7,1/5,1/3) (1,1,1)

Table 6. Pairwise comparison matrix of market barrier

Attributes MB1 MB2 MB3 MB4 MB5
MB1 (1,1,1) (1/5,13,1) (1,7/3,13/3) (13/3,19/325/3)  (1,5/3,11/3)
MB2 (1,3,5) (1,1,1) (5/3,11/3,17/3)  (7/3,13/3,19/3)  (5/3,11/3,17/3)
MB3 (3/13,3/7,1) (3/5,3/11,3/17) (1,1,1) (1,7/3,13/3) (1,5/3,11/3)
MB4 (3/25,3/193/13)  (3/19,3/13,3/7) (3/13,3/7,1) (1,1,1) (1/7,1/5,1/3)
MB5 (3/11,3/5,1) (3/17,3/11,3/5) (3/11,3/5,1) (3.5.7) (1,1,1)

Table 7. Pairwise comparison matrix of managerial barrier

Attributes ManB1 ManB2 ManB3 ManB4 ManB5
ManB1 (1,1,1) (1/5,1/3,1) (3/13,3/7,1) (1/7,1/5,1/3) (1,5/3,11/3)
ManB2 (1,3,5) (1,1,1) (1/5,3/5,1) (1/7,1/5,1/3) (1,7/3,13/3)
ManB3 (1,7/3,13/3) (1,5/3,5) (1,L,1) (1/5,1/3,1) (5/3,11/3,17/3)
ManB4 (3,5,7) (3,5,7) (1,3,5) (1,1,1) (3,5,7)
ManB5 (3/11,3/5,1) (3/13,3/7,1) (3/17,3/11,3/5) (1/7,1/5,1/3) (1,1,1)

Consistency ratio of each matrix has been determined using the equation 1, 2 and 3 and the value below 0.1 proved
the consistency of the matrix.(shown in Table 8).Later, using equation 4 and 5, the value of fuzzy synthetic extent of
each criteria and sub criteria has been determined and a sample has been shown in Table 9.
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Table 8. CR of the pairwise comparison matrix

Technologic and Economic and

Matrix Major Criteria Information Financial Marl‘(et Manag‘e rial
. . Barrier Barrier
Barriers Barrier
CR 0.0036 0.0874 0.0810 0.0826 0.0727

Table 9. Determination of the value of fuzzy synthetic extent of market barrier

Attributes | MBI MB2 MB3 MB4 MBS M Si
MBI ALy | asisn (1’7?)’13/ (;?z/z;g/ (1,5/3,11/3) (7'5;5')67’1 (0.11,0.27,0.73)
VB 139 | i | O /131)/3, (7’/139,/1 33)/3 (5/37,/131)/3,1 el 3.)67,2 0.12.037.095)
B3 | ¥ 113)’3/ 7, (3/35/137/)1 L aan (1’%3)’13 (1,5/3,11/3) (3'41’65630’10' (0.05,0.13,0.42)
VB4 (39/,5{?)1 (3/}39/,73)/13 Gl 13),3/7, i (1/7,1)/5,1/3 (1.65,5.)02,2.9 002.0050.12)
wes | G 11),3/5, (3/’137/33)/11 Gl 11),3/5, 651 | (4.72,676;17,10. 007.0.18.042)

4.4 Applying synthetic extent evaluation

From the data shown in Table 8, the degree of possibility of superiority of S5, can be calculated and denoted by V'
(Swp1 = Supz) using equation 6 and 7. So, the degree of possibility of superiority for the first requirement-

V (Smp1=Sup2) = 0.88, V (Smp1=Sups) = 1,
V (Sup1=Sup3) = 1, V (Smup1=Sups) = 1,

Similarly, the degree of possibility of superiority for the second requirement-
V (Smp2=Sup1) = 1, V (Smp2=Sups) = 1,

V (Smp2a=Sup3) = 1, V (Smp2=Sups) = 1,
The degree of possibility of superiority for the third requirement-

V (Sup3=Smp1) = 0.69, V (Sup3=Supa) = 1,

V (Sup3=Sms2) = 0.57, V (Sup3=Suss) = 0.89,
The degree of possibility of superiority for the fourth requirement-

V (Supa=Smp1) = 0.03, V (Supa=Sups) = 0.44,

V (Supa=Sms2) = 0.01, V (Supa=Suss) = 0.27,
The degree of possibility of superiority for the fifth requirement-

V (Sups=Smp1) = 0.76, V (Sups=Sus3) = 1,

V (Sups=Sus2) = 0.62, V (Sups=Supa) = 1,

The minimum degree of possibility of superiority of each criterion over another is taken as the weight of that criterion
and further normalized to get the final weight (equation 8). The weight vector and normalized weight vector of market
barriers are respectively shown below.

W = (0.88,1,0.57,0.01,0.62)
W' = (0.283,0.326,0.186,0.004,0.201)
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4.5 Determining global weight

After calculating the relative weight for each criterion, global weight has been determined by multiplying each relative
weight of sub category with its respective relative weight of major criteria, to compare the priority of the barriers all
together (Table-10).

Table 10. Weights and ranking of major criteria and sub-categories

Major Relative Relative Sub- Relative Relative Global Global

Criterion Weights Rank category weight Rank Weight rank
. TBI 0.1898 3 0.06506 6
Tecl:::lloglc TB2 0.3806 1 0.13043 3
Information 0.3427 2 TB3 0.0049 5 0.00167 17
barrier (A1) TB4 0.3493 2 0.11970 5
TBS5 0.0754 4 0.02582 8
. EFBI 0.0073 5 0.00019 19
Feonomic EFB2 0.2144 3 0.00550 15
Financial 0.0257 4 EFB3 0.1132 4 0.00290 16
barrier (A2) EFB4 0.3089 2 0.00793 13
EFB5 0.3561 1 0.00914 11
MBI 0.2833 2 0.01187 10
Market MB2 0.3264 1 0.01368 9
barrier (A3) 0.0419 3 MB3 0.1855 4 0.00777 14
MB4 0.0040 5 0.00017 20
MB35 0.2009 3 0.00842 12
ManB1 0.1045 4 0.06165 7
Managerial ManB2 0.2140 3 0.12619 4
barrier (Ad) 0.5898 1 ManB3 0.2791 2 0.16460 2
ManB4 0.4010 1 0.23647 1
ManB5 0.0015 5 0.00086 18

5. Result Analysis

In this research, both relative and global weight of each barriers identified to impede the cleaner production have been
determined. From the final ranking of major criteria, managerial barriers has been observed to gain the highest weight
since this study has been done on the textile industry of Bangladesh. From the perspective of developing countries,
most of the organizations focus more on improving the bottom line rather than the social responsibility. Also, the
myopic decision makers are unable to foresee the future boost in profit section by adopting cleaner production. The
second most critical major criteria is technologic and information barrier. As a developing country, Bangladesh is also
lagging in technologic advancement even though the government has undertaken manifold projects regarding this
issue recently. Still, this criteria is considered as one of the major barrier to implement cleaner production. Market
barrier comes as third in the priority list as the environmental rules and regulations in the developing countries are
overlooked most of the times even by the government authority. As a result, industries as textile and leather, which
are more likely to produce toxic industrial waste, take the advantage of these loophole to earn the short term profit
neglecting the social responsibility. Economic and financial barrier come as the last one in priority list as the cleaner
production is the major leap the organization has to take, and financial aid will be the last thing they will need to bring
the changes.

According to the global rank, top 5 barriers can be marked as the most critical ones among the 20 barriers. Even
though managerial barrier criteria tops in the major criteria priority list, it would be imprudent decision to focus on
that branch which includes 5 sub categories. Rather, the top 5 barriers of the global rank, which are the subcategories
of different major criteria should be focused to make the best utilization of allocated resource and effort. Lack of
awareness of CP (ManB4) has been identified as the most critical barrier among all as it has the largest weight. This
fall under the branch of managerial barrier which can be inferred as the lack of awareness among the decision makers
about implementing CP. Textile industries in the developing countries like Bangladesh are more dependent on export
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earnings and they can hardly presentiment the long term benefits of implementing CP. Also, the professional in this
sector of Bangladesh are more likely to emphasize on profit margin rather than funding the research and development
department. So, this is the most critical impediment as it would not be hard to realize how this barrier is impeding the
initiation of adopting CP measures.

Management resistance to change (ManB3), technological awareness and expertise (TB2), concern about
competitiveness (ManB2) and difficulty to access information on CP (TB4) took the second, third, fourth and fifth
position respectively in the global rank. Management which shows resistance to change as it may include risks and
does not encourage flexibility and innovation, also shows indifference to social responsibilities are greatly impeding
the CP implementation across the country. Since, most of the textile factories are using age old technologies and
process in conventional way, implementing the CP tools will require the flexibility to changes and new adoption.
Technological awareness and expertise is a big issue for developing countries though the government has started to
invest for technological advancement, but this barrier becomes redundant from the developed countries perspective.
Also, the managers and the decision makers are more concerned about competitiveness in price setting and unaware
of the economic and environmental benefits of implementing CP. Also, most of the company in textile industry of
Bangladesh are small and medium sized enterprise which face difficulty to access information on CP. Using the
aforementioned global rank list obtained from the research, critical managerial decisions regarding CP implementation
can be made to be proactive about the impeding factors and overall process improvement.

6. Conclusion

This research outcome can help the organization to set focus on pivotal area to align strategies with the sustainable
goals and strategies. In most of the developing country, organizations deal with scant resource, goes along with the
conventional process and hardly thinks about bringing any changes. While applying cleaner production in such
organization, a manifold barriers can come across to impede even the initiation. However, it is not possible to allocate
same amount of resource and attention to each one of them. So, the outcome of this research can help the decision
makers narrow down the list. Fuzzy AHP method has helped to identify the most critical to least critical factor among
the selected 20 and also allowed both local and global improvement according to necessity. Also, practitioners and
experts are more comfortable to give their opinion in linguistic approach rather than sharp numbers and to deal with
this uncertain and ambiguous data, fuzzy approach has been adopted.

Since this paper focused on the implementation of CP in textile industries of Bangladesh, government legislation has
not been taken into consideration as the government has taken steps to encourage the organizations including SME to
adopt greener approach and tightened up the environmental regulations. But the organizations which are adopting CP
because of the government legislation have myopic view of possible obstruction that are impeding the whole process
severely. So, this paper aims to contribute in this process through helping the managers being proactive about the
potential critical barriers and allocate resource and effort to them to get the maximum output.

Acknowledgements

The authors express gratitude to the Department of Industrial and Production Engineering, Bangladesh University of
Engineering and Technology (BUET) for all the efforts and cooperation to complete the research and to the industrial
experts to response to the questionnaire. The authors are responsible for any remaining errors.

Reference

Bangladesh Textile Industry: Present Scenario, Future Prospects and Challenges. (2017). Retrieved from
https://fashion2apparel.blogspot.com/2017/06/bangladesh-textile-industry.html

Basappaji, K. M., & Nagesha, N. (2014). Assessment of cleaner production level in agro based industries - A fuzzy
logic approach. Energy Procedia, 54, 127—-134. https://doi.org/10.1016/j.egypro.2014.07.255

Casamayor, J. L., & Su, D. (2013). Integration of eco-design tools into the development of eco-lighting products.
Journal of Cleaner Production, 47, 32—42. https://doi.org/10.1016/j.jclepro.2013.02.011

de Oliveira Neto, G. C., Ferreira Correia, J. M., Silva, P. C., de Oliveira Sanches, A. G., & Lucato, W. C. (2019).
Cleaner Production in the textile industry and its relationship to sustainable development goals. Journal of
Cleaner Production, 228, 1514—1525. https://doi.org/10.1016/j.jclepro.2019.04.334

Fang, Y., & Coté, R. P. (2005). Towards sustainability: Objectives, strategies and barriers for cleaner production in
China. International Journal of Sustainable Development and World Ecology, 12(4), 443-460.

© IEOM Society International

526



Proceedings of the International Conference on Industrial Engineering and Operations Management
Toronto, Canada, October 23-25, 2019

https://doi.org/10.1080/13504500509469653

Fore, S., & Mbohwa, C. T. (2010). Cleaner production for environmental conscious manufacturing in the foundry
industry. Journal of Engineering, Design and Technology, 8(3), 314-333.
https://doi.org/10.1108/17260531011086180

Hens, L., Block, C., Cabello-Eras, J. J., Sagastume-Gutierez, A., Garcia-Lorenzo, D., Chamorro, C., ... Vandecasteele,
C. (2018). On the evolution of “Cleaner Production” as a concept and a practice. Journal of Cleaner Production,
172,3323-3333. https://doi.org/10.1016/j.jclepro.2017.11.082

Hossan, C. G., Rahman Sarker, M. A., & Afroze, R. (2012). Recent Unrest in the RMG Sector of Bangladesh: Is this
an Outcome of Poor Labour Practices? International Journal of Business and Management, 7(3), 206-218.
https://doi.org/10.5539/ijbm.v7n3p206

Islam, M. M., Mahmud, K., Faruk, O., & Billah, M. S. (2011). Fig.1. Different type of dyes used in Unique washing
and dyeing industries, 2(6).

Jia, L., Zhang, Y., Tao, L., Jing, H., & Bao, S. (2014). A methodology for assessing cleaner production in the vanadium
extraction industry. Journal of Cleaner Production, 84(1), 598-605.
https://doi.org/10.1016/j.jclepro.2013.05.016

Khalili, N. R., Duecker, S., Ashton, W., & Chavez, F. (2015). From cleaner production to sustainable development:
The role of academia. Journal of Cleaner Production, 96, 30-43. https://doi.org/10.1016/].jclepro.2014.01.099

Kuo, T. C., Smith, S., Smith, G. C., & Huang, S. H. (2016). A predictive product attribute driven eco-design process
using depth-first search. Journal of Cleaner Production, 112, 3201-3210.
https://doi.org/10.1016/j.jclepro.2015.10.005

Kurpad, M. R. (2014). Made in Bangladesh: challenges to the ready-made garment industry. Journal of International
Trade Law and Policy, 13(1), 80-96.

Mitchell, C. L. (2006). Beyond barriers: examining root causes behind commonly cited Cleaner Production barriers
in Vietnam. Journal of Cleaner Production, 14(18), 1576—1585. https://doi.org/10.1016/j.jclepro.2005.04.010

Oliveira Neto, G. C., Leite, R. R., Shibao, F. Y., & Lucato, W. C. (2017). Framework to overcome barriers in the
implementation of cleaner production in small and medium-sized enterprises: Multiple case studies in Brazil.
Journal of Cleaner Production, 142, 50-62. https://doi.org/10.1016/j.jclepro.2016.08.150

Ozturk, E., Koseoglu, H., Karaboyaci, M., Yigit, N. O., Yetis, U., & Kitis, M. (2016). Sustainable textile production:
cleaner production assessment/eco-efficiency analysis study in a textile mill. Journal of Cleaner Production
(Vol. 138). Elsevier Ltd. https://doi.org/10.1016/j.jclepro.2016.02.071

Peng, W., & Li, C. (2011). Cleaner production evaluation in aviation industry based on AHP-Fuzzy. In 2011 2nd
International Conference on Artificial Intelligence, Management Science and Electronic Commerce (AIMSEC).
https://doi.org/10.3109/02688697.2014.899078

Severo, E. A., Guimaraes, J. C. F. de, & Dorion, E. C. H. (2017). Cleaner production and environmental management
as sustainable product innovation antecedents: A survey in Brazilian industries. Journal of Cleaner Production,
142, 87-97. https://doi.org/10.1016/j.jclepro.2016.06.090

Shi, H., Peng, S. Z., Liu, Y., & Zhong, P. (2008). Barriers to the implementation of cleaner production in Chinese
SMEs: government, industry and expert stakeholders’ perspectives. Journal of Cleaner Production, 16(7), 842—
852. https://doi.org/10.1016/j.jclepro.2007.05.002

Tseng, M. L., Lin, Y. H., & Chiu, A. S. F. (2009). Fuzzy AHP-based study of cleaner production implementation in
Taiwan PWB manufacturer. Journal  of  Cleaner  Production, 17(14), 1249-1256.
https://doi.org/10.1016/j.jclepro.2009.03.022

Yiiksel, H. (2008). An empirical evaluation of cleaner production practices in Turkey. Journal of Cleaner Production,
16(1), S50-S57. https://doi.org/10.1016/j.jclepro.2007.10.003

Biographies

Farzana Islam completed her Bachelor in Science (BSc) in Industrial & Production Engineering (IPE) from
Bangladesh University of Engineering & Technology (BUET).She is currently doing Masters in science (MSc) in
Industrial and Production Engineering in the same university. She has published conference papers. Farzana Islam is
a Certified Supply Chain Analyst and has won Ptak Prize Scholarship through a global supply chain case competition
organized by International Supply Chain Education Alliance (ISCEA) Bangladesh. Her major research interests
include lean six sigma, supply chain and logistics management, operation management, operations research and
cleaner production.

© IEOM Society International

527



Proceedings of the International Conference on Industrial Engineering and Operations Management
Toronto, Canada, October 23-25, 2019

Ahmed Shoyeb Raihan has received his Bachelor in Science (BSc) degree from the Department of Industrial &
Production Engineering of Bangladesh University of Engineering & Technology (BUET). At present, he is completing
Masters in Science (MSc) in IPE from the same university. He has already worked on two journals which are currently
being reviewed. He is also a Certified Supply Chain Analyst (CSCA). Currently, he is working on another project on
the sustainability of plastic manufacturing and distribution. His field of research encompasses supply chain risk
management, application of multi criteria decision making (MCDM) tools, green supply chain management and
supply chain sustainability.

© IEOM Society International

528





