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The footwear industry is booming with the increasing demand for leather-based products and
manufacturers from the Asia region are leading the market. In the meantime, the negative impact
on the environment of footwear goods and manufacturing processes of footwear-based products
concerns the buyers and consumers as the global environmental situation is worsening day by
day. For this reason, footwear industries are bound to use environmentally friendly production
techniques to cope with the conditions as well as demands of the buyers otherwise the manufac-
turer can face the drop of order which can be affected financially. The Bangladeshi footwear
industry is most unlikely to adopt sustainable manufacturing and thus lagging in the competitive
market containing manufacturers from other Asian countries. The reason behind not implement-
ing sustainable manufacturing practices should be explored to ensure this practice. In the study,

proach Graph Theory and Matrix Approach (GTMA) was utilized along with the best and worst matrix

Footwear Industry using the weighted values as the diagonal and off-diagonal elements which was found from the
two surveys after consultation with experts from the Bangladeshi footwear industry to gather
responsible barriers for both large-scale and small-medium sized enterprises. Ranking based on
impact was developed for two scales and an index value was found from the calculations of the
matrix formed by permanent functional value found for each of the barriers and their best-worst
values also which was another determinant of this study for expressing the fitness level for this
certain adaptation. Similarity coefficient was another factor to be determined for the decision
making required for the first objective of this research.

© 2025 by the authors; licensee Growing Science, Canada.

Nomenclature

SMP: Sustainable Manufacturing Practices
GTMA: Graph Theory and Matrix Approach

1. Introduction

The footwear industry is one of the leading industries expanding day by day. The global market for footwear, which was
anticipated to be worth US$349 billion in 2020, is expected to grow to US$427.4 billion by 2027 (Yahoo, 2022). Asia is at
the forefront of production in the world market because of the availability of high-quality leather and cheap labor cost.
China, Vietnam, Pakistan, Turkey, Indonesia, and Bangladesh create most of the leather shoes sold worldwide which was
represented in research (Muller, 2017). Bangladesh's second-highest generator of foreign currency is now the footwear
sector. By 2021, the Bangladeshi government wants the leather sector to generate 5 billion USD in income. Bangladesh is
a desirable location for outsourcing to industrialized nations due to its affordable labor and access to raw materials enables
it to create leather goods at a lower cost than its competitors (Chowdhury et al., 2019). The production of various types of
footwear for the internal market and export is now being done in Bangladesh by around 4500 small, non-mechanized units
and about 42 mechanized plants (Msrblog., 2022) . In the financial year 2017-2018, the industry generated export revenue
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of USD 483 million, so that Bangladesh is now the world's sixth-largest supplier of shoes and leather items (DATABD.CO.,
2022). In fiscal years 202021, Bangladesh exported shoes valued at $669.91 million (July-March). Twenty to twenty-five
percent of Bangladesh’s total footwear production is assigned for satisfying local demand and the remainder is supplied to
all over the world. United States, Germany, Netherlands, Hong Kong and Italy are the most common destinations for the
finished leather footwear and Spain, India, France etc. serve as the export destination for non-leather footwear (Polese et
al., 2019). According to the Business Inspection BD, top brands in terms of market share are Apex Footwear, Bay Empo-
rium, Fortune Shoes, Legacy Footwear, and BATA Shoes. Francesco Polese et al. described that the term “shoes” covers a
wide range of goods made of diverse materials and subject to various dangers, including poisons and toxic chemicals used
in the production of leather products (Siddiqui et al., 2019). Sumita Dixit et al. showed their concern as bovine leather is
made from the processing of animal hides, and product items are linked to harmful and unsafe properties, for example the
use of toxic components such chromium in tannery, vulcanized ductile elements and chemical-based glues, have a signifi-
cant negative impact on the surroundings when released into open air (Yoshihisa Nagatomo, 2018). Mitchell Jones et al.
warned as the growing environmental risks associated with these kinds of products in recent years have gradually sparked
serious concerns about the sustainability of the leather industries mainly in the footwear sector (UKEssays.com., 2018). For
these reasons, buyers and consumers are leaning towards the SMP. Francesco Polese et al. also stated that due to the adoption
and enforcement of regulations on the use of toxic materials on production process and to be more successful in the market,
the market is evolving and buyers as well as footwear brands are more conscious of the necessity for ethical business
practices, where products are manufactured with decent working environment and low ecological damage (Polese et al.,
2019). A study conducted about footwear business and found out that the footwear business has a very cheap switching cost
for consumers, and consumers have strong negotiating leverage. It implies that if the business doesn’t meet the requirements
and criteria, the customer could be lost (Program at a Glance, 2022).

2. Literature Review

Sustainability in the manufacturing process improves worker, public, and product safety. Nordin et al. described SCP as the
process which attempts to increase a company's performance while reducing the environmental effects of its manufacturing
processes as the Products are being evaluated more on the basis of the company' sustainable business practices than their
pricing and the efforts to lessen the negative environmental effects of manufacturing activities have been seen as a barrier
to profitability and productivity (Nordin et al., 2014). Despeisse et al. (2011) explained sustainable manufacturing as the
rapidly developing field in practice. Berndtsson explored the connection between circular economy and sustainable practice
and the impact of the circular economy in the system within some boundaries. He concludes his studies with the decision
of circular economy being an important part of long-lasting progress which is one of the major concerns for the industries
with some additional perspectives (M & Sinha, 2021). Bhanot et al. (2015) said that in the current competitive context,
where many firms still rely on environmental assets while simultaneously producing pollution and causing degradation,
SMP has become increasingly important. Appolloni et al. (2022) described sustainability as an enabler of competitive ad-
vantage in manufacturing and competitive advantage requires recognition of a green-circular premium. Many researchers
discussed the impact and necessity of SMP in various sectors. Sumit Gupta and Amit Kumar Singh suggested adopting
SMP in the electrical panel industry to achieve competitiveness in the market after evaluating the phenomena with analytical
hierarchy process (AHP) model (Gupta et al., 2015). Purnell and Velenturf (2022) discussed ten principles for the develop-
ment, application, and assessment of a circular fashion economy. Sarkis et al. (2011) expressed that circular economy pro-
vides through promoting consciousness about converting goods in a way that establishes an effective interaction between
natural preservation and industrial progress, the limit of ecological sustainability can be expanded. Menon and Ravi (2021)
discussed finding out the barriers of applying a resilient supply chain in electronics industries in Indian context and deter-
mining through a structural model the interrelationship among challenges and identifying their driving and driven strength.
Dwivedi et al. (2022) talked about Sustainable Footwear Production (SFP) and Sustainable Development Goals. The foot-
wear industry of Bangladesh is the second-highest export earner of Bangladesh and acts like the important source of growth
in Bangladesh's rapidly growing economy. In the World Footwear Yearbook 2021, it is displayed that the position of Bang-
ladesh moved from 18th to 16th in 2020 on global footwear export (Businesspostbd.com., 2022). Francesco Polese et al.
(2019) described that the term “shoes” covers a wide range of goods made of diverse materials and subject to various
dangers, including poisons and toxic chemicals used in the production of leather products. Dixit et al. (2015) showed their
concern as bovine leather is made from the processing of animal hides, and product items are linked to harmful and unsafe
properties, for example the use of toxic components such chromium in tannery, vulcanized ductile elements and chemical-
based glues, have a significant negative impact on the surroundings when released into open air. Jones et al. (2020) warned
as the growing environmental risks associated with these kinds of products in recent years have gradually sparked serious
concerns about the sustainability of the leather industries mainly in the footwear sector. Rathinamoorthy (2018) presented
the global awareness of the topic of sustainability that has caused the footwear market to gradually shift in favour of envi-
ronmentally friendly goods. This concept has brought about a new trend in the leather industry by gradually altering shop-
pers' perceptions of environmentally sustainable products. Nam and Lee (2018) expressed in their research that the com-
parative to a traditional system, the transition to using natural elements produced from the surroundings to build footwear
parts and associated items, shape the system more ecologically and sustainable and lessens its negative effects on the sur-
roundings. Large quantities of toxic waste, including colors, sodium sulphate, sodium chloride, sodium hydroxide, and
traces of other salts, are produced during the textile dyeing for leather. Additionally, these are producing "after dyeing" and
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“after washing” of clothing or fabrics (Aktar, 2014). Others identified that the footwear business has emphasized green
operations more and more. Nike and other footwear manufacturers have prioritized green production (Schifrin et al., 2018).
A study conducted about footwear business and found out that the footwear business has a very cheap switching cost for
consumers, and consumers have strong negotiating leverage. It implies that if the business doesn't meet the requirements
and criteria, the customer could be lost (Program at a Glance., 2022). Heale expressed the methods for sustainability across
the whole life cycle of the footwear item. This approach makes it possible to limit harmful effects on the environment by
protecting resources, conserving water and energy, ensuring a safe workplace, and reducing and reusing waste (Heale,
2013). So, sustainable development is becoming a major concern for the footwear industry of Bangladesh. Alzubi and
Akkerman (2022) addressed the fact that manufacturing process organizations were occasionally considered to adopt sus-
tainable practices without strong motivation.

2. Research Methodology
2.1 Framework

The following (Fig.1) is an illustration of our research framework:

Existing literature review Expert’s opinion and Survey

Find the key barriers to implement SMP

.

Barrier No. 1 4, Barrier No. 2 Barrier No. 3 C Barrier No. 4
Sub- Barrier: B, Sub- Barrier: . D,
AS|, AS, etc. BS,,BS, etc. Sub- Barrier: Sub- Barrier:

CS,,CS, ete.
122 DS, DS, etc.
|

Develop structural configurations of customized interdependency

<
v

Implement the GTMA module
|
L 4

Plotting a diagraph for SMP barriers with edges and nodes that stand in for interdepend-
ence and inheritance respectively.
v
Formulate a structure of matrix from represented diagraph containing diagonal elements
also with elements of off-diagonal to indicate sub-barrier interdependency and inheritance.

v
Create a matrix based on input from professionals and a survey to determine how much
weight should be given to interrelationships and inheritance on a certain scale.

v

In the sub-matrix barriers of sustainable manufacturing practices (SMP), incorporate
learned principles for inheriltance and interdependence.

v

Evaluation of the matrix for their permanent function for each major barrier.

Fig. 1. Framework for the methodology.
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2.2 Behavioral Diagraph Representations

The principal barrier is shown by F; (see Fig.2), while the level of interdependence between the ¢/’-th and ‘i’-th barrier is

shown by b,.j . An edge directed from node ‘i’ towards node ‘j* will be shown as b,.j in a different diagram. The key barriers
are represented in a diagram by the nodes I, F,, F}, F,....,I" while interdependencies between the major barriers will
be shown by b, . In a different figure, the sub-barrier of a barrier F will be shown as Fl1 , Flz, Ff, F14’ ....... , F"and so

on. The interactions between these sub-barriers are indicated by 7 (see Table 1).

r41 ri4 ‘j:—:'_' el r23 ra2

T i

Fig. 2. Behavioral Diagraph for barriers and sub-barriers associated with main barrier.

Table 1
Weightings assigned for the attributes (rl.j )

Relative importance of the attributes

Description of Class r ry = 10— v
Case 1 0 e
Case 2 1 9
Case 3 2 8
Case 4 3 7
Case 5 4 6
Case 6 5 5
Case 7 6 &
Case 8 7 3
Case 9 8 2
Case 10 9 !
Case 11 10 U

2.3 Matrix Representations and Evaluations

A graph B={M(X), T(X)} is made up of v, a collection of non-empty nodes T which is also called as point is a collection of
the edges or lines. The mapping is made from set edges set 7 to the set of the sorted or the pair of unordered elements in the
set M (Awasthi et al., 2020). The following is a description of the steps involved with these goals:

Step 1: The first stage is to determine the traits or factors that have an impact on the system or process.

Step 2: Recognizing the values of interdependencies between the sub-systems of the potential options interacts.

Step 3: The represented digraph consists of a set of directed edges T = {Rj} and nodes set P = {n,} with the value of

i=1,...,n where i-th alternative nodal representation, 7, . The possibilities number taken into consideration is equal to the

‘ Iy

number of nodes, m. An edge which is directed is made from node i’ toward the node 7’ if node %’ has interdependency
over the 9ve importance over node 7’ ( Pﬁ ).
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Step 4: This M >M matrix of selection criteria takes into account each criterion represented by A. and their relative weights
a,.In this contrast, 4, represents the value of criterion i-th represented by node 4; and a i is the representation of the

edge D ; express the i-th criterion’s relative relevance to the j-th criterion. The values of A, are normalized on the same

scale and should ideally be derived from the experimental data. The matrix representations of the attributes, B is shown in
the following:

B b, by b, b, |
b21 B2 b23 b24 b2m
B — b31 b32 B3 b34 b3m
b, b, by B, by,

_bnl an bn3 bn4 BM_

where, the terms in the constant expression are grouped into (n + 1) groups. As a result, there are seven categories of
physical significance that are expressed whenn = 6 . For this instance, in the first grouping where only contains one phrase
that depicts the interplay between the four main forces behind sustainable manufacturing processes namely
B,,B,,B;,B,,B,, . The third grouping consists of two terms where each of which denotes b;b ;. Each term in the fourth

grouping indicates a certain number of barrier interdependences (b, b, b;; or its pair b, b, ;b ;) and a measure of the remain-

ing barriers. A collection of two-barrier interdependences (bi/.bﬁ and b,,b,, ) and measurement of other barriers make up

the first subgrouping. The second sub-grouping consists of a measure of the remaining barriers, a set of four barrier inter-
dependences (b;b , b,,b, and b,b, bb ;) and so on.

i K~ ji
Step 5:

The permanent function value for the matrix of previous step can be represented as-

M
Pe’(B) = HBI + {ZZZ : 'Z(bijbji)BkBl .. ‘BM} + {ZZZZZ : 'Z(bybjibjkbklblm +
i=l i j ok m i j k1 m P
bikbkjbjibjpbmp)Ble . Bp} + {ZZZZ ' 'z(bi/'bji)(bklb[k)(blmbml)(bmpbpm)BkBl o 'Bm} +
i j ok 1 P

{ZZZZ ' Z(byb ji)(bklblmbmk +bkmbmlblk)Ban .- 'Bp + ZZZZ ' ‘Z(szbjkbklblm
i k m n P i j k1 Y4

bib + Bbubibb by ) BB, . B, ...}

mn~np im-ml~ k™ ki~ ji~ pn

The following is a representation of the matrix for each main barrier’s permanent function:

[ n! ! l l 1]
B b b b b
i ! i i !
b, B, b; b, b
Per(Main— Barrier) = bﬁl b;l, B! b,; b,;
ool pl opl ol
b, b, b, B b
Il ol ol pl
bi by by by B

Where,

B [l = The rating of the sub barrier i’ and barrier number expressed by 7.

bé, = The relative importance for sub barrier 7’ with respect to sub barrier j’ and barrier number 7.

! !
b' =10 - b/
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i=1,2,...,m (for the rows)

j=1,2,...,n (for the columns)

m = Total number of the sub barrier (number of rows) associated with the barrier number /.

n = Total number of the sub barrier (number of columns) associated with the barrier number “/’.
| = The serial number of the barrier.

Step 6: Best-worst matrix have an impact on the impact evaluations of the barriers on this certain case. For the best values,

B b, b, b, b, -
b Jji 1 bij bij ij

Per(Bgarie) = | b ji ji 1 b ij bl/
bji b ji Ji 1 b’/
bji b ji b Ji bﬂ 1

oW W W W

Wi S Wy W W

Per(Weamie)= | W, W, 5w, W,
Wi Wi Wy S W,

Wi Wi Wi Wy S

Here, bl.j = bﬁ =w, =w,; =5

Step 7: The matrix for this calculation of the SMP index value can be represented as following-

For the SMP index of the barriers,

Per(B) 1, Ty Ty Ty
rg  PerB) i Ty
Per(SMP)= n Ty P 67(33) Ty Ty
Vi Fji rp  PeB) 1
L T Vi Vi ry  Per(Bs))
For the SMP index of the best values,
| Per(B,,) Ty Ty Ty o]
T Per(B,) v Ty Ty
Per(B) = T T Per(B,,) vy vy
T T T Per(B;,) Ty
L i Vi Vi Vi Per(By,) |

For the SMP index of the worst values,
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Per(Wy ) r Ty r vy
T Per(W,,) v ry ry
Per(W) = T T Per(Wy,) v Ty
T P Vi Per(Ws,) Ty
R T T i Per(Wy,) |

Here,
Per(SMP) = SMP index value for the permanent function values for the barriers.
Per(B) = SMP index value for the permanent function values of the best values of the barriers.

Per(W) = SMP index value for the permanent function values of the best values of the barriers.

Per(B,)= Permanent function values of the barrier no. %".
Per (B, ) = Values of Permanent function for the best value of the barrier no. %".

Per (W, )= Values of Permanent function for the worst value of the barrier no. ‘i’.

r;= Relative importance value for the barrier %’ with respect to barrier 7.
rii= 10- 1y

i =1,...,u (u = Total number of rows)

j=1,...,v (v = Total number of columns)

2.4 Calculations of Co-efficient of Similarity

The formula required for the computations of the coefficient of similarity is as follows:

Ww.—P

[ i
Vi~ _n
W; - B,
where, C ,i = Co-efficient of similarity for the identical barriers.
W, = Worst value associated with the barriers.

B V= Best Value associated with that barrier.

R.j = Permanent function value associated with that barrier.

For the calculation for dissimilarity, If C, and C ;ﬁ are the coefficient of dissimilarity with respectively for the best and
worst values. Then,

Ca=1- Cyi

and C;ﬁ: 1- q/i

2.5 Data Collection

Initially we have studied a few previously conducted research for gathering barriers which are most likely challenge the
implement of sustainable practices in footwear sector. After that we have discussed those barriers with two experts in foot-
wear industry of Bangladesh and fixed 31 barriers which are compatible in the Bangladeshi scenario (see Table 2). We have
constructed a questionnaire and reach 22 experts on footwear industry of Bangladesh for their opinion about the most im-
pactful barriers among the 31 barriers as well as their impact on large size and small-medium sized enterprise. For the better
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accuracy of the data, we have only reached out to the officer level managerial or production persons who had the experience
of working in a footwear manufacturing company like Bata, Apex footwear Ltd and Edison footwear. From the survey (see
Fig 4, 5, 6) we have obtained 5 major barriers for large size enterprise and 6 major barriers for small-medium sized enter-
prise. For those barriers we have identified sub-barriers by reviewing literature (Appendix). Then we have conducted an-
other survey among those experts to gather their opinion about the relative importance between the barriers and sub-barriers.
After analyzing those data, we have calculated the outcome of our study.

Table 2

Initial barriers obtained from literature review and discussion with experts
Barriers
Cost of sustainability & economic condition
Capacity constraints
Lack of funds for sustainable supply chain practices
Green power shortage
Lack of government support & guideline to adopt sustainable supply chain practices
Less of business-friendly policy
Lack of technical expertise
Resistance to change and adopt innovation
Lack of eco-literacy amongst shareholders
Lack of awareness of local customers in green product
Lack of commitment from top management
Lack of training and education about sustainability
Information gap
Lack of interest in investing money for sustainability, and economic conditions not as good as developed countries
Pressure from community, NGOs and environmental authorities is low
Lack of support and guidelines from regulatory authority/poor legislation
Unwilling to adopt pollution control & prevention technology
Supply chain partner have insufficient knowledge of sustainable manufacturing practices
Absence of reverse logistics facility
Inadequate supply chain strategic planning
Lack of market demand
Pressure for lower prices
Inadequate application of e-ordering, companywide enterprise resource planning (ERP) and intelligent network system
Less control over minimizing environmental impact during the design, production or sale of products over their entire life cycle
Industries are not interested in sharing risks and rewards for adopting environmentally-friendly concepts
Lack of quality worker and management personnel to implement sustainable manufacturing practice
Uncertain benefits insignificant economic advantage, slow return on investment
Higher prices of imported processing chemicals for hides/skins
Outdated machineries present in tannery industry
Absence of green disposal system
Lack foreign direct investment FDI
Cost of sustainability & economic condition
Capacity constraints
Lack of funds for sustainable supply chain practices
Green power shortage
Lack of government support & guideline to adopt sustainable supply chain practices
Less of business-friendly policy
Lack of technical expertise
Resistance to change and adopt innovation

Lack of eco-literacy amongst shareholders

Lack of awareness of local customers in green product

Lack of commitment from top management

Lack of training and education about sustainability

Information gap

Lack of interest in investing money for sustainability, and economic conditions not as good as developed countries
Pressure from community, NGOs and environmental authorities is low

Lack of support and guidelines from regulatory authority/poor legislation

Unwilling to adopt pollution control & prevention technology

Supply chain partner have insufficient knowledge of sustainable manufacturing practices

Absence of reverse logistics facility

Inadequate supply chain strategic planning

Lack of market demand

Pressure for lower prices

Inadequate application of e-ordering, companywide enterprise resource planning (ERP) and intelligent network system
Less control over minimizing environmental impact during the design, production or sale of products over their entire life cycle
Industries are not interested in sharing risks and rewards for adopting environmentally-friendly concepts

Lack of quality worker and management personnel to implement sustainable manufacturing practice

Uncertain benefits insignificant economic advantage, slow return on investment

Higher prices of imported processing chemicals for hides/skins

Outdated machineries present in tannery industry

Absence of green disposal system

Lack foreign direct investment FDI
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Fig. 6. Importance factor for the barriers.

1dope pue a3ueyd 01 2duElSISAY

9s1149dxa [B21UYD3] JO o] ~N| N T v+ vt nfn| ~|la e s nm oln v o
Adljod AjpuaLiy ssauisng Jo ssa

3 Joddns uawuianog jo yoeq

5

68

a8e1ioys Jamod usain
~Alddns ajqeuleisns 4o} spuny jo yoeq

sjulessuod Ayoede)

“21WOU033 3 AJljIqeuleIsns 40 150D

<
9jeas dueyodw)

3

~

1
0

Relative importance was gathered for both large scale and small-medium size enterprise. The table (see Table 3,4,5 and 6)
represents those importance as well as the relative importance for their sub-barriers.

Data for main barriers of small and medium scale.

Data for main barriers of large scale

Table 3
Table 4
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In the Table 3 and Table 4,

i j = Serial no. of the main barrier.

r; = Relative importance of main barrier ‘i” with respect to ‘5.
r;; = Relative importance of main barrier ‘j° with respect to ‘i’.

Table 5
Data for sub barriers associated with main barriers.

69

i j l X =10 —x! X!
2 4 6

1 3 7 3 2
4 8 2

) 3 ! 3 7 P
4 4 6

3 4 1 9 9

4 ; - - 10
2 1 9

1 3 3 7 7
4 6 4

5 3 2 2 8 P
4 3 7

3 4 3 7 4

4 - - - 1
2 8 2

1 3 5 5 2
4 3 7
5 2 8
3 3 7

2 4 3 5 5 10
5 6 4

3 4 2 8 7
5 3 7

4 5 1 9 5

5 - - - 4
2 3 7

1 3 7 3 3
4 5 5

) 3 4 4 6 P
4 2 8

3 4 2 8 10

4 ; - - 8
2 4 6

1 3 1 9 6
4 4 6

2 3 5 5 5 2
4 8 2

3 4 3 7 7

4 - - - 10
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Table 6

Data of sub-barriers associated with small and medium scale
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In the Table 5 and Table 6,
i,j = Serial no. of the sub- barrier.

Lk = Serial no. of the main barriers connected to sub-barriers.

xfj= Relative importance of sub-barrier ‘7> with respect to ¢j° under main barrier no. /.
X j.[ = Relative importance of sub-barrier ¢;° with respect to ‘i’ under main barrier no. /.

X l.’ = Rating of the sub-barrier ‘i’ under main barrier ‘/°.

y /j‘ = Relative importance of sub-barrier ‘i’ with respect to j’ under main barrier no. ‘k’.

y; = Relative importance of sub-barrier ‘j° with respect to ‘i’ under main barrier no. ‘k’.

Y I.k = Rating of the sub-barrier ‘i’ under main barrier ‘4’.
3. Calculations
3.1 Calculations for the large scale

Step 1: Determination of the Permanent Function Values for the matrix-

For main function of the sustainable manufacturing practice (SMP), the matrix can be represented as,

X, ox; o ox; x; ox; X X, X, X5 X4 X5 Xy
A XX, x; X, X Xy Xy Xy Xy Xy Xy
SMP X Xy X, Xy Xy Xy | [ Xa Xy Xy X3y X5 Xy
X oxy ox, Xoox xg Xy Xy X Xy Xy Xy
X Xp Xy Xy X, Xy Xs; Xsy Xz Xgy X5 Xy
| X X X Xy Xy X, 1 X1 Xe2 X3 Xea  Xegs X |
Here,

X; = The rating for the barriers number ‘i’.

x;; = The relative importance for the sub barriers 7 associated with the main barriers 7.
x,; =10-x,

i=12...m

j=12,....n

m= Total number of rows in the matrix.

n= Total number of columns in the matrix.

The permanent function for this matrix of sustainable manufacturing practice can be written as,

Per (SMP) =

[ DIPIRNRIERERELIEEDHHHHIEREEE
kxk/xﬂxkl)X + ZZZZZZ( l/ ﬂxijkl) X (xktxlkkaxml) + Zzzzzz(xuxﬂxlkxkl /kxI\/

+ XX Xy

zm mn)
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For the 1% barrier:

The permanent function for the barrier “Resistance to change and adopt innovation (RCAI)” of large scale,

1 1 l 1 1 1 1 1
X, x; x; X X, X, X3 Xy 2 4 7 8

i i ij i
I ] ! 1
N E R B O R R AP R
Per=(RCAI) = xl xl Xl xl =l | Xl L= 37 9 1
ji Ji i i X3 X3 3 Xy
] ! I I 1 | 1 1
X Xy Xy X, Xy Xy Xy X, 2.6 910

where,
X l.[ = The rating of the sub barrier 7’ and barrier number expressed by 7".
x[]j = The relative importance of the sub barrier 7’ with respect to sub barrier 7 and barrier number 7".
I _ 10 _ !
x; =10 = x;
i=1,2,...,m (for the rows).
j=1,2,....,n (for the columns).
m = Total number of the sub barrier (number of rows) associated with the barrier number ‘I’ = 4.
n = Total number of the sub barrier (number of columns) associated with the barrier number ‘I’ = 4.

| = The serial number of the barrier = 1 (for the 1% barrier).
Permanent value representation for the matrix of the first barrier by the following ways-

13 3 1y 1y 1y |41 | | | !

X] X, X0X, +(x,00, X0 X, x50, X0 X+, X0 X, 42000, X)X+, X X5 +30,2,.X] X0) + (06 60, X +x0, 0,60, X
1 1 1 1 1

X0 X XXy X 20,200 X 200000, X 0,005 X X000, X0) 00,0 00,00 X505 X, X, 055,

+ xl 2‘x23x3 4‘x41 + xl 4x43‘x32x2 1 + xl 3x34x42x21 + xl 2x24x43x3 1 + ‘xl 4x42x23x3 1 + xl 3x3 2‘x24‘x4 1)

=12432
Similarly,
71 3 6 2 8 5 3 2]
PertS(LALC) = 0623 =13128 2100356
7 8 4 3 PertSALTES)=|5 7 7 2 3|=285634
4 7 7 1 7 5 8 5 1
8 4 7 9 4]
33 7 5 6 4 1 4
Per*S(OMPT) = 76 2 =11934 Per*S(HPIC) = 625 = 14380
3 6 10 2 9 5 7
5 8 8 6 2 7 10
Step 2:
(12432 5 2 1 4
5 13128 7 4 1
Per(SMPY)= | 8 3 285634 3 6
9 6 7 11934 3
| 6 9 4 7 14380

=5568x10"
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Step 3:
1 b, b, b, 1 555
1 b b 51 5 5
Per(Brear/rarc/ompr/ upic) = a > # = =6776
by by, 1 byl |55 15
b, b, by 1 55 51
1 b, b, b, bs] [1 55 5 5]

b,, 1 b,y b, by 51 5 55
Per(Brres”)= | by, b, 1 by, bys|=|5 5 1 5 5|=168376
by by, by 1 bg| |555 15
by by by by 1] 5555 1]

HCI'G, bji:bj,:S
Alternatively,
S5 w, w, wy, 5555
5 5555
Per(Wrcai/varc/ompr/upic™s) = ke W W = =15000
Wy Wy, 5wy, 5555
Wy Wy Wy 5 5555
(5 w, wy w, ws| [5 5 5 5 5]
Wy S Wy Wy, Wy 55555
PerWies)= | wy, wy, 5wy, wis [=|5 5 5 5 5[=375000
Wy Wy We 5 Wy 55555
[ W5, Ws, Wy wg, 5| |5 5 5 5 5]
Here, wj = w;;=5
Step 4: Computations of the SMP index for the worst and best value
[6766 5 2 1 4 ]
5 6766 7 4 1
So, PeS(B)= | 8 3 168376 3 6 |=3828x10"
9 6 7 6766 3
59 4 7 6766
(15000 5 2 1 4
5 15000 7 4 1
PerSw)=| 8 3 375000 3 6 |=19.62x10%
9 6 7 15000 3
6 9 4 7 15000

3.2 Calculations for the small and medium scale
Step 1:

For the 1 barrier:
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2 3 8 1
7 5 4 2
PerSS(LIEC)= |2 6 9 6
9 8 4 3

Permanent value representation for the matrix of the first barrier by the following ways-

1

KOLGY + (o Yy + v By + nnha Yy + vy XY + 0,y Y+ p, v Y1) + (737300 Y + vayis v,
+ a0ty F VYA T Vbadals + Ve Yy + 2ayasynYs + VisaynXs) + YV + VisValasVi
+ J’1l4yzluy;3y;2 + yllzy;y;yf” + yf4yl3y§2y;1 + y1]3y;4yzltzy;1 + y]lzy;4yl3y;1 + )414)’}12)’;3)’;1 + yllsy;zy;4y}11)

=7267
Similarly,
1 2 5 7 6] 2 36 4 6 1 4
8 3 3 5 4 75 3 1 9 7 3
PerSS(UAPP) = PerSS(PCNE) =
PerS(AEC)=|5 T 6 2 1 4 7 8 2 6 7 10
3 5 8 8 1 6 9 8 6 7 6 3
4 6 9 9 7 =11668 =10759
=223558 i
8 3 1 i (8 3 2 4 6]
7 5 2 75 1 1 3
PerSS(LGSG)= =
9 8 7 PerSASRR)=|8 9 6 2 4|=
8 5 7 10] 6 9 8 4 2
11642 47 6 8 2
230946 i
Step 2: Determination of the SMP index value using permanent function value.
(9210 2 4 3 2 1]
8 221848 6 1 4 3
6 4 11668 7 2 3 20
So, Per(SMPSS)= =76.14x10
7 9 3 10759 5 4
8 6 8 5 11642 1
9 7 7 6 7 220848

Step 3:
1 b, b, b,| |1 555
b, 1 by, b 5155
Per(Buicuarppenencse™) = | 2! , e =6776
by 1 by, 5515
by by by 1] [5 551

W 3 b~ W



1 b,
by 1
Per(Buecisse>S)= b3l1 b ;2
b;“ b ;%2
_b 51 b 52
Here, b;, = b‘l,-,- =35

58
Per(WiiecuappipeNeLGse™) =

Per(Wiaecisgr™)=

Here, w; =w, = 5
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b by
by by

L by
by 1

1 5555
51555
551 5 5/=168376
55515
555 5 1]
w,| [5 555
w:24 15055 5| 5o
wy,| |55 55
5] 15555
10555 5 5]
55555
=5 5 5 5 5|=375000
55555
|55 55 5]

Step 4: Computations of the SMP index for the worst and best value for the small and medium scale.

6766 2 4 3 2 1]
8 168376 6 1 4 3
6 4 6766 7 2 3 "
Per’S(B)= =62.73x10
7 9 3 6766 5 4
8 6 8 5 6766 1
9 7 7 6 9 168376
15000 2 4 3 2 1]
8 375000 6 1 4 3
6 4 15000 7 2 3 .
Per’S(W)= =31.24x10
7 9 3 15000 5 4
8 6 8 5 15000 1
9 7 7 6 9 375000 |
Step 5:
o 375000 — 220484 _ 0.746
375000 —168376
15000 —11642 — 0.407

UiPP = 15000 — 6766
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4. Result Analysis

From the calculation of permanent function values of the barriers of large-scale enterprises (see Table 7),

Table 7
Permanent Function Values for Barriers of Large Scale
Barrier of Large Scale Permanent Function Value
PertS(RCAI) 12432
PerLS(LALC) 13128
Per'S(LTES) 285634
Per*S(OMPT) 11934
Per'S(HPIC) 14380
Table 8
Barriers for the large scale
Barriers
Lack of aware- Higher prices of
Resistance to Lack of training and Outdated ma- imported pro- SMP Index
ness of local . . . .
Category change and . education about sus- chinery present cessing chemi- Value
. . customers in . o . .
adopt innovation tainability in tannery cals for hides or 22
green products . (X 10 )
(RCAT) (LTES) (OMPT) skins
(LALC) (HPIC)
Permanent
Function 12432 13128 285634 11934 14380 557
Value
Theoretical Best 6766 6766 168376 6766 6766 3.83
Value
Theoretical Worst 15000 15000 375000 15000 15000 19.62
Value
Difference be-
fween permanent 5666 6362 117258 5168 7614 -
function value and
best value
Difference be-
fween permanent 2568 1872 89366 3066 620 -
function value and
worst value
Rank 3 2 5 4 1 -

From the calculation of permanent function values of the barriers of small and medium scale enterprises (see Table 9),

Table 9
Permanent Function Value for the Barriers of Small and Medium Scale
Barrier of Small and Medium Scale Permanent Function Value

Per’S(IAEC) 223558
Per’S(UAPP) 11668
Per’S(PCNE) 10759
Per’S(LGSG) 11642
Per’S(ISRR) 230946

The permanent function values found for the five barriers of the large scale are 12432, 13128, 285634, 11934 and 14380
(see Table 8). Similarly, for the six barriers of small and medium scale permanent function values were found 9210, 223558,
11668, 10759, 11642, and 230946 (see Table 10). The SMP index value is 76.14x10? for the small and medium scales and
55.68x10%! as well as for the large scale. A 5x5 matrix is formed for this calculation purpose. For all the permanent function
values of best values, a permanent best value and worst value found is 38.28x10?! and 19.62x10%2 respectively which
indicates the SMP index for the best and worst values of the barriers of the large-scale enterprises. Alternatively, a 6x6
matrix is formed because of having 6 barriers in the analysis of the small and medium scale. From this analysis,
62.73x10?%was the SMP index for the best and 31.24%10%! for the worst values. The largest index value for the large scale
is “lack of training and education about sustainability” which is 285634. If the difference between the permanent function
value and best value is lower than the difference between permanent function value and worst value, the lower impact is
indicated that means closeness of the barrier to the best value is expressed by this. The higher difference indicates the lower
impact. “Less interest in sharing the costs and benefits of adopting environmentally friendly concepts (ISRR)” has the
highest index value of 230946 which is closer to the best value. This same difference is found from the other three barriers
such- “Lack of interest in investing money for sustainability and economic condition (LIEC)”, “Inadequate application of
e-ordering and company wise ERP with Intelligent Network System (IAEC), Pressure from community, NGOs and low
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environment Authority (PCNE)”. These barriers have a lower impact because of having the closeness of the permanent
function values with the best values rather than the worst values. Alternatively, for the two barriers, “Lack of government
support and guidelines to adopt sustainable supply chain methods (LGSG)” and “Unwilling to adopt pollution control and
prevention technology (UAPP)” have the lower difference of permanent function values with the worst values with respect
to the difference between the permanent function values and best values. This indicates the closeness of these two barriers
to the worst values. Since it is difficult to find out the actual impact level for those barriers which have the same or almost
same permanent function values. These barriers are treated as identical barriers. For the large scale, no two permanent
function values for the barriers are the same. But for the small and medium scale, there are two barriers which have almost
the same permanent values of 11642 and 11668. So, for finding the intensity or strength of one over another, it is necessary
to calculate the value of similarity coefficient. The value of coefficient of similarity of “Unwilling to adopt pollution control
and prevention technology (UAPP)” found was 0.407 and for “Lack of government support & guideline to adopt sustainable
supply chain practices (LGSG)” it was 0.746. From the table, one barrier has the highest impact, and another has the lowest
impact with the highest rank for the small and medium scale of footwear industries.

Table 10
For small and medium scale
Barriers
. Inadequate Lack of gov- Less interest in
Lack of interest Lo - Pressure from ernment sup- .
L . application of e- Unwilling to . sharing risks
1n 1investing . . community, port and
ordering and adopt pollution 1 and rewards for ~ SMP Index
money for sus- . NGOs and guideline to . .
ST company wise control and pre- . . adopting envi- Value
Category tainability and . . . low environ- adopt sustain-
. ERP with Intelli- vention tech- ronment 21
economic con- ment Author- able supply . (X 10 )
o gent Network nology . . friendly con-
dition System (UAPP) ity chain prac- cent
(LIEC) (LYAEC) (PCNE) tices (ISIER)
(LGSG)
Permanent 761
Function 9210 223558 11668 10759 11642 230946 ’
Value
Theoretical Best 6766 168376 6766 6766 6766 168376 627
Theoretical 15000 375000 15000 15000 15000 375000 31.24
Worst Value
Difference
between
permanent 2444 55182 4902 3993 4876 62570 -
function value
and best value
Difference be-
fween permancnt 5790 151442 3332 4241 3358 144054 -
function value
and worst value
Coefficient of - - 0.407 - 0.746 - -
similarity
Rank 6 4 2 5 1 3

6. Conclusion

The major goal of this study was to conduct the analysis in a way that helps to identify the most significant obstacles to the
implementation of sustainable manufacturing practices in the large and small and medium-sized footwear industries. The
most influential barrier was then identified using GTMA method, coupled with a rating based on their influence. This
research also identifies the primary factors that contribute to the hurdles. The top hurdle to the growth of the large-scale
footwear business, according to research, is “Higher prices of imported processing chemicals for hides or skins”. On the
other side, the most significant impediment for the small and medium-sized footwear industry is “Lack of government
support and guidelines to adopt sustainable supply chain practices”. The secondary obstacles that are linked to this barrier
act as the primary factors that impede the achievement of our goals. However, the small and medium-sized footwear sector
should give this barrier their top priority. In both situations, the SMP index value falls between the best and worst values
on the index, with the best value being closer than the worst. Thus, it was determined that both forms of industry have a
significantly higher fitness for this adaptation process pointing to the advantages of removing barriers. The methodology
undertaken in this study can be used in other industries such as chemicals, plastics and pharmaceuticals to identify the
influence of barriers on the accomplishment of a certain set of objectives. The number of attributes considered could be
increased to find the result with relatively more accuracy achieved from complex calculations.
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Appendix
Table A.1

Sub-Barriers of the Major Barriers

Barriers Sub-barriers

Resistance in personality

Selective perception
Resistance to change and adopt innovation

I1lusion of impotence

Insecurity and regression

Lack of public interest

Lack of awareness of local customers in Lack of public acceptance

green product

Lack of promotion

Perception that sustainable products are of low quality

Lack of skilled human resources

Lack of technical expertise

Lack of training and education about sus-

tainability Lack of funding

Non-Learning Culture

Work-Learning Dichotomy

Popularity of traditional technologies

High transaction costs
Outdated machinery present in tannery

High initial investment in latest technology

Uncertainty about return on investment

Supply disruptions caused by sanctions

Higher prices of imported processing chemi- Export restrictions

cals for hides/skins

Devaluation of Taka against the USD

High fuel costs
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Lack of interest in investing money for sus-
tainability, and economic conditions not as
good as developed countries

Organizational norms and culture

Inbuilt organizational resistance

Internal bureaucracy

Lack of common vision and policy framework

Inadequate application of e-ordering, com-
pany-wide enterprise resource planning
(ERP) and intelligent network system

Lack of technical expertise

Limited access to market information

Risk of information loss

Lack of trust among cross-sector collaborators

lack of funding

Unwilling to adopt pollution control & pre-
vention technology

Lack of market demand

Lack of understanding of customers

Fear of extra workload and loss of flexibility

Lack of entrepreneurial skills and out of box thinking

Pressure from community, NGOs and envi-
ronmental authorities is low

Lack of consumer paying capacity

People are not aware of green products

Pressure for lower price

Lack of information about small sized enterprise

Lack of government support & guideline to
adopt sustainable supply chain practices

Political instability

Lack of RE policy

Corruption, nepotism, & favoritism

Lack of power asymmetry

Industries are not interested in sharing risks
and rewards for adopting environmentally-
friendly concepts

Internal bureaucracy

Negative attitudes towards sustainability concepts

Lack of functional integration and cooperation

Lack of top management
commitment

Lack of communication
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