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ABSTRACT One important topic that raised concern among researchers and population is the threat posed
by the widespread presence of single-use plastic items, which has become a part of day-to-day life. An urgent
need is to build a plan by manufacturers/ investors to give a due concern over environmental preservation.
A number of challenges are yet to be addressed for implementation of sustainable manufacturing concerned
with environment; this is a matter of worry. Prime minister of India on 150th anniversary of Mahatma Gandhi
has urged the nation to make India free of single-use plastics. On July 1, 2022, India banned single-use
plastic items that have low utility but are frequently littered around, such as plastic straws. Work done in this
research is undertaken for finding the prominent challenges which are faced in the eco-friendly sustainable
manufacturing practices in single-use plastic industries. It is also a matter of concern that why a ban on certain
single-use plastic with low utility is failing in India?. A framework has been made on Triangular Fuzzy
Number (TFN) based fuzzy method to identify and rank the associated problems/ challenges. Triangular
fuzzy numbers are effective in modelling imprecise and uncertain information, and have been widely applied
in decision making. In this work 13 challenges have been identified and ranking is done using TEN to
find the most prominent factors. From results it is very clear that Expense on implication, Scantiness in
the support received from the government and Lack of environment concern among suppliers are the most
influencing factors/ challenges. Works done on identification of challenges will be of help to policy makers
and industrialists in identification of core issues.

INDEX TERMS Single-use plastic, challenging factors, environment, fuzzy, triangular fuzzy numbers
(TEN).
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NOMENCLATURE
PET Polyethylene Terephthalate.
GMP  Good Manufacturing Practice.
FICCI  Federation of Indian Chambers of Commerce
and Industry.
TFN Triangular Fuzzy Numbers.
R & D Research & Development.

I. INTRODUCTION

Many study/ works has been done on the use of plastics and
their disposal [1], [2], [3], it is clear that there are negative
impacts of plastics on the environment although to some
extent, removal of plastics from environment can be done
through proper recovery and recycling. Both government and
consumer body have put a pressure on the manufacturing
industries as there is an increase in depletion of fossil fuels
and global warming to adopt practices of sustainable manu-
facturing for reducing the emission level up to some extent.
India has a commitment to reduce the pollution level by
approximately 35% to make the world more environmentally
sustainable till 2030 [1]. Rise in pollution level over the
recent years has made it more difficult to achieve the target of
removing or reducing the usage of single-use plastics. Major
reason for the usage of plastic in packaging beverages and
food is its durability. It is more popular among consumers
for its low cost. Increasing in demand of such single-use
plastics has increased its production. Thus, it is getting more
problematic as the problem of disposal and accumulation
in environment has risen. Thus, it has raised a concern for
environment due to impacts of plastic pollution [2]. Today
one of the essential parts of our day-to-day life is single-use
plastic bottles due to number of reasons like it is easy to carry,
portable, less cost and also easy to obtain. If PET polymer is
used as a base material, it will be recyclable. This kind of
single-use plastic material can be preferred, if reused [3]. It is
estimated that around approximately 20 % of bottles made of
plastics are reused, while the remaining 80 % of them end
in landfills [4]. Single-use plastics have become important
in the lives of people. None of the other material has been
able to replace packaging by single-use plastics, even tin or
glass uses are not able to compete. There is a need to educate
more people regarding awareness towards plastics pollution
and health risk. Plastics accumulation in the environment is
another matter of concern as it is a prolonged process [5].
Reasons for contamination of plastics are its degradation and
chemical leaching and fragmentation into micro plastics from
macro plastics [6]. One of the study presents new multi-
jurisdictional legislative interventions to reduce SUPs since
2017 and incorporating emergence of new non-legislative
interventions to mitigate other types of SUPs at individual and
private-sector levels that complement or influence legislative
interventions [7]. A similar work is done by developing an
evaluation model based on the fuzzy- Analytic Hierarchy
Process (AHP) and the technique for order preference by
similarity to ideal solution (TOPSIS) to enable the industry
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practitioners to perform performance evaluation in a fuzzy
environment. The purpose of the study was to determine the
best method for recycling plastics among the various plastic
recycling processes. Mechanical recycling process is found to
be the best plastic recycling process [8]. Government can tax
the industries involved with production of single-use plastics
to discourage its use by making it little expensive. Plastic
waste problem solution in the environment just by cleaning up
or by dumping plastic waste are not good choices; while recy-
cling can add up to carbon emissions. Mitigating the pollution
increase in plastic wastes needs to be tackled, a study needs
to be done in understanding the relation between plastics
consumption by people and increase in plastic waste. Another
study was conducted in 2019, in a context directly after the
European Union (EU) announced its Directive to ban the most
commonly used single-use plastic (SUP) items. This study
applied the snowball method as a methodological choice to
identify relevant stakeholders [9].

Although central government in India has issued the ban,
its successful implementation lies with respective state gov-
ernment and state pollution control board. For successful
implementation of ban, availability of cheap alternative to
cater demands of these banned products is itself a great
challenge. Small and medium enterprise industries will be
hit hard with economic jolt and loss of jobs. There are more
challenges like political resistance in some states and no
planned effort by some state authorities to implement the
ban. COVID has also hit hard on implementation of ban and
deferring people from using single-use plastics.

Work done in this research is as follows: Literature survey
is done to find out the challenges faced in sustainable prac-
tices of using single-use plastics and also challenges faced by
industries related to single-use plastics. A case study is done
after the literature survey to figure out the major challenges
under different categories. Next part of the work contains
the illustration of solution methodology i.e. TEN based fuzzy
methodology. Results obtained after doing a case study using
the methodology and concerned challenges are highlighted in
the subsequent sections. Further, it contains a discussion and
conclusion section for proper analysis on the results obtained.

II. LITERATURE REVIEW

A number of schemes and programs are already functioning
to cope with the global warming crisis in the environment by
number of countries of the world. A number of programs for
protection of environment are already running which proves
that a worldwide movement has started for absorbing good
sustainable practices. Movements like this also show that
sustainable development is arising as an agenda on priority
for economies along with economic development. This is
now future where economic growth has to run in parallel
with environmental conservation. Some of the authors have
also stressed to build a healthy relation between environmen-
tal aspects and economics [10]. A case is discussed where
authors have proved that only emphasizing on the aspects of
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environment and negligence of economic growth is an unde-
sirable challenge. Without any economic foundation it would
be difficult for any industry to invest towards environmental
sustainability [11]. A journey has begun towards reducing
the global warming; therefore, many challenges remain to
be addressed for implementation of sustainable solutions for
environment. Sustainable environment is referred as part of
green aspects on broader spectrum [12]. Industries challenges
differ on region basis [13]. In terms of potential threats to
ecosystem and human health, Micro-plastics (MPs) are play-
ing major role and thus drawing attention from the interna-
tional community. The relationship between their abundance
and sizes remains unclear, though in recent years their occur-
rence and spatial distribution have been extensively studied.
It is found that distribution of MPs is not a coincidence
but controlled by conditional aging. From different land use
settings in Beijing, China applicability of this model is tested.
A distinct downsizing phenomenon from fibers, films, and
fragments to granules is observed [14]. Microplastics (MPs)
and discarded plastics in the environment are considered
emerging contaminants and indicators of the Anthropocene
epoch. One of the study reports the discovery of plastic rock
complexes, a new type of plastic material in the environment,
formed when plastic debris irreversibly sorbs onto the parent
rock after historical flooding events. These complexes consist
of low-density polyethylene (LDPE) or polypropylene (PP)
films stuck onto quartz-dominated mineral matrices [15].
There are no proper organizational structures for support-
ing GMP, deficient R & D due to non-consideration of impact
on the environment [16]. Challenges are not same for dif-
ferent kind of industries, as challenges faced by any wind
energy industry are different in many terms compared to
pharmaceutical industries. It is therefore very important to
point out the challenges based on the type of industry and it is
not proper to provide a generalized view of all kind of indus-
tries. Few challenges faced by industries are domain specific
also. Policy makers of sustainable environment practices and
ignorant managers are also one of the major challenges faced
in the marketing domain [17]. Problems are associated with
recycling and recovery area also like proper availability of
market for recycled plastics, cost recovery of the recycled
plastic products and convenience of use [18]. It is also impor-
tant to know that challenges are different many times for
industrialists and researchers. This may be technical, finan-
cial or knowledge based. Authors have presented both kinds
of challenges one where industrialist and researcher differ
and another where industrialist and researchers view point
matches [19]. In India, FICCI had said that imposing ban
on plastic industries would lead to a loss of around ¥53000
crores (Indian currency), leading to loss of jobs. In across
10000 firms, 13 lakh personnel would lose their jobs. Indus-
tries related to food processing would suffer a loss in revenue
of around 390000 crores (Indian currency). After such kind of
reactions, government would be more cautious in imposing a
blanket ban, and may reiterate single-use plastics phase out
in India [20]. There is lack of legislature in eco-designing
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on global perspective [21]. Also, challenges are faced by
developing countries in managing electronic wastes [22].

Single-use plastics are not all made only from polyethylene
terephthalate: As per the United Nation’s definition, any plas-
tic that is made from polymers of high-density polyethylene
(HDPE), low-density polyethylene (LDPE), polyethylene
terephthalate (PET), polystyrene (PS), polypropylene (PP) or
expanded polystyrene (EPS) are single-use plastics - check
for example the Plastic factsheet published by the Indian
Centre for Science and Environment [23].

IIl. NOVELTY AND APPROACH

Research concerned with environment has led to many
speculations in the world of research and large numbers
of factors are considered involved in analysis of factors
concerned with clean environment and renewable sources;
in such type of studies soft computing and Multi Crite-
ria Decision Making (MCDM) methodologies have been
implemented [24], [25], [26]. Soft computing techniques like
fuzzy based approach is an easily applicable approach of
uncertainty in assigning weights for the given criteria by
decision making persons; this reduces the chances of differ-
ences from practical solutions by large extent. On various
occasions authors have dealt in ranking criteria with tradi-
tional approaches of MCDM and fuzzy [27], [28], [29] but
implementation of such a mechanism to identify and rank the
challenges faced by industries in the replacement of single-
use plastics has been novel to the authors as well. Country
like India which is in its developing phase, a lot of gap exists
in research related to areas which are affecting environment.
Lack of knowledge and new technologies sometimes fail to
implement, as there exists a lot of research gap in concerned
areas affecting environment, due to which at times even desir-
ing states fail to implement advanced systems. This study is
thus concerned with developing an environmental concerned
sustainable model for replacement of single-use plastics by
identifying the core challenges.

The whole work flow of this research paper is illustrated in
figure 1. Flow chart briefs the process of work for identifying
key challenges. Using of MCDM tools for handling decision-
making problems is one of the common practices in the field
of research and other practical issues of the field like power
system, energy-based applications alike [28], [29], [30], [31].

A promising approach of TFN based on fuzzy model is
used here for ranking purposes. In this study, for assessment
of the challenging factors related to the single-use plastic
industry, thirteen challenges are identified which the Indian
industries are facing in replacing single-use plastic goods
with environmentally sustainable manufacturing practices.
Challenging factors considered are Scantiness in the support
received from government (C1), Training courses available
for workers not properly utilized (C2), No proper structure for
implementation in organization (C3), Lack of environment
concern among suppliers (C4), Lack of social responsibil-
ity among corporate (C5), Awareness among the suppliers
regarding environment (C6), Cheap products are always an
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Pro-environmental manufacturing for replacing single use plastics

Literature Review

Identifying the list of challenges to environmentally sustainable
manufacturing

Taking expert opinion from same field of different areas before finalizing
the list of challenges

Decision matrix to be filled with expert opinion

Analyse the collected data with TEN to identify most influential challenging
factors

Results, discussions and conclusions

FIGURE 1. Flow chart for identification and analysis of challenges in
manufacturing for sustainable environment.

attraction among customers (C7), Adoption of new product
by Indians (C8), Investors should have patience and perse-
verance (C9), Bank should support green products by giving
loans at lesser interest rate (C10), Expense on implication
(C11), Carbon emission regulations (C12), Lack of industrial
infrastructure (C13) as shown in Table 1.

Brief explanation of the identified factors (challenges):

C1: There should be immense support from the govern-
ment. Some financial assistance in the form of reducing taxes
can be provided, if the industries are switching to environ-
mentally friendly products.

C2: Management in industries should carry green and sus-
tainable practices. Workers should be educated and trained to
adopt pollution free practices.

C3: A proper organizational structure is missing which can
integrate sustainable environmental processes into traditional
supply chain.

C4: Sometimes there is lack of interest in suppliers for
preserving environment, this also happens due to lack of
competition among them.

CS5: Every industry must have a concern and should work
on it as a social responsibility by encouraging employees to
contribute for social responsibility.

C6: Sometimes industries are interested in implementation
of environment friendly practices but lack of knowledge and
ignorance of suppliers is a major hurdle.

C7: Customers are always attracted towards cheaper prod-
ucts; replacement of single-use plastic can increase the price
of goods.
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TABLE 1. Considered criteria for evaluation.

S1. No. Factor Criteria Symbol  Reference

1 Financial
problem

Cheap products  C7 [32]
are always an
attraction

among

customers.

Expense on Cl1
implication

[341, [36]
[401, [43]
[44]
Awareness Co6 [35]
among the

suppliers

regarding

environment.

Scantiness in Cl [32], [33]
the support [34],
received from

government.

Investors 9 [33]
should have

patience and
perseverance

Bank should c1o
support green

products by

giving loans at

lesser interest

rate.

Carbon C12 [23]
emissions

regulations.

Lack of C13 [331, [37]
industrial [38], [39]
infrastructure. [40]
Lack of C4 [36]
environment

concern among
suppliers.

Adoption of C8
new product by
Indians.

Training C2 [45]
courses

available for

workers not

properly

utilised.

No proper C3 [36]
structure for

implementation

in organization.

Lack of social Cs [46]
responsibility

among

corporate.

2 Dormant

[33], [36]

3 Industrial and
manufacturing
technology

4 Knowledge
with skills

[41], [42]

5 Association
and support

C8: This is an environmental transition phase and it needs
to be adapted by Indians.

C9: Investors who are investing for transition to environ-
ment friendly manufacturing should be patient as it may take
time in giving good returns.

C10: It needs bank support. Bank should be encouraged
and supported for providing loans at cheaper rates to the
industries which are pro environmental.

77339



IEEE Access

Shabbiruddin et al.: Industry—Challenge to Pro-Environmental Manufacturing

C11: Requirement of recyclable materials for green prod-
ucts is expensive. Also, a technological demand requires
heavy investments in research and development (R & D) by
industries/ companies.

C12: This is an issue which needs concern as on recycling
of plastic products; there are lots of carbon emissions.

C13: There should be proper advertisement discouraging
use of single-use plastics, for example: Paper cups can be
placed instead of single-use plastic cups near arrangement
of drinking water. A proper infrastructure support should be
there to support this cause.

IV. METHODOLOGY
The ranking system has been explained under the ‘“Ranking
of criteria using TFN”’ section.

A. RANKING OF CRITERIA USING TFN

Fuzzy Set Theory was first proposed in 1965 [47]. In aiming
decisions based on the decision making of criteria or factors,
preferential degree of judgement is done using three sets of
numbers [48]. This kind of scaling helps in raking in a better
way. In absence of concrete data, this kind of ranking is very
helpful. Using this scale input is taken from three different
experts, this minimizes the chances of error to occur as finally
working with the model averaging of the three different inputs
from experts will be done.

In a generalised fashion TFN can be represented as I = (by,
b>, b3), where, for judgement’s uncertainty b; is minimum
bound limit, b, is median value and b3 is maximum limit
respectively [49].

Membership function in fuzzy can be given as:

0 s < b
—b
s ﬁ by <s=<b
LA 2 — by
w(2)=1 "6 )
(b3 — b2)
0 s> b3

where ‘s’ is a real number.

Two arbitrary TFNs are considered R; = (ay, by, ¢1) and
Ry = (a2, by, ¢7), their elementary properties of addition and
division can be showcased as:

Ri+Ry=(a1+a2, b1 +by,c1+¢2) ()
Ri/Ry = (a1/az, b1/ba, c1/c2) 3)

Scale, as shown in Table 2 [49] is an authentic, simple way
to assign fuzzy membership values. Data are fed on 10-point
scale proposed using TFN shown in Table 2. The beauty
of using TFN scale is that it considers vagueness in data.
Ranking of fuzzy numbers by total integral value method is a
chosen method [49].

Steps involved in procedural calculations, assuming R;; =
(ajj, byj, cij) to be a TEN are:

Step 1: With the help of three bounded fuzzy numbers, for
comparison of all the considered criteria (in this case 13) a
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TABLE 2. Preferential scale for TFN method to rank criteria.

?\I]:)' Linguistic Scale Assﬂ;);;gted Recz;][;;)cal

1 Equal preference (1,1,1) (1,1,1)

2 Weak to moderate (1,2,3) (1/3,1/2, 1)

3 Moderate preference 2,3,4) (1/4,1/3, 1/2)

4 Moderate to strong (3,4,5) (1/5,1/4, 1/3)
preference

5 Strong preference (4,5,6) (1/6, 1/5, 1/4)

6 Strong to very strong (5,6,7) (1/7, 1/6, 1/5)
preference

7 Very strong preference (6,7,8) (1/8,1/7, 1/6)

8 Very Strong to Extreme (7,8,9) (1/9, 1/8, 1/7)
Preference

9 Extreme preference (8,9,9) (1/9, 1/9, 1/8)

pairwise decision matrix is formed with the help of ranking
scheme which is illustrated in Table 2.

Formation of pairwise decision matrix involves opinions
from experts of various field along with the own circumstan-
tial preferences of decision maker. This means that criteria
have been chosen after the detail literature review. Input given
by the experts are first judged thoroughly by the authors.
If any value in the decision matrix created seems odd to
authors, then it is enquired with the experts for justification.
This is done to avoid any error in result.

Step 2: Next Synthetic Extent Value for the i object is
given as:

1
[Z;’lzl Z}lzl Lij]
The above equation can be detailed as:
1

[2?1:1 27:1 Lij]

F "L

“

1 1 1
= ; ) )
(Zﬁl 21 G 2 21 b 20k 2 “ij)
A re-arranged equation is obtained by doing few modifica-

tions and further simplifying the above equation with the help
of synthetic extent value as: [49].

1
2 er‘lzl Ljj

1 1
= ) (6)
(Z;n:l 2 byt 2o+ 200 2 “ij)
Step 3: Using comparison method synthetic extent value

is carried by calculating degree of possibility for the said
criteria:

V (Fj = F;) = Height (F; N F})

=0, ifb=b
=1, ifa>¢
ai—cj

= (bj — Cj) i) Otherwise (7)
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TABLE 3. Input from Expert 1.

C11 C1 C4 Co6 C7 C10 C5 C3 C9 C13 C2 C12 C8
C11 El 1 7 3 3 5 3 7 7 7 5 9 7 9
C1 El 1/7 1 5 5 7 7 5 5 3 3 7 5 7
C4 E1l 1/3 1/5 1 7 5 3 7 5 5 5 5 7 5
C6 E1l 1/3 1/5 1/7 1 6 5 3 7 7 5 3 5 5
C7 E1l 1/5 1/7 1/5 1/7 1 5 5 5 5 5 5 3 5
C10 El 1/3 1/7 1/3 1/5 1/5 1 5 5 5 5 5 5 7
C5 El 1/7 1/5 1/7 1/3 1/5 1/5 1 5 7 7 5 7 5
C3 El 1/7 1/5 1/5 1/7 1/5 1/5 1/5 1 7 5 5 5 5
C9 E1l 1/7 1/3 1/5 1/7 1/5 1/5 1/7 1/7 1 5 7 7 3
C13 E1l 1/5 1/3 1/5 1/5 1/5 1/5 1/7 1/5 1/5 1 5 5 5
C2 E1l 1/9 1/7 1/5 1/3 1/5 1/5 1/5 1/5 1/7 1/5 1 7 3
C12 E1l 1/7 1/5 1/7 1/5 1/3 1/5 1/7 1/5 1/7 1/5 1/7 1 5
C8 E1l 1/9 1/7 1/5 1/5 1/5 1/7 1/5 1/5 1/3 1/5 1/3 1/5 1
TABLE 4. Input from Expert 2.
Cl11 C1 C4 C6 C7 C10 C5 C3 C9 C13 C2 C12 C8
C11 E2 1 6 3 3 5 4 7 8 7 5 9 8 9
C1 E2 1/6 1 5 6 7 8 5 5 3 3 7 6 7
C4 E2 1/3 1/5 1 7 5 3 7 5 5 5 5 7 5
C6 E2 1/3 1/6 1/7 1 7 5 3 7 7 5 3 5 5
C7 E2 1/5 1/7 1/5 1/7 1 5 6 5 5 5 5 3 5
C10 E2 1/4 1/8 1/3 1/5 1/5 1 5 5 5 5 5 5 7
C5 E2 1/7 1/5 1/7 1/3 1/6 1/5 1 5 8 7 5 7 5
C3 E2 1/8 1/5 1/5 1/7 1/5 1/5 1/5 1 7 5 5 5 5
C9 E2 1/7 1/3 1/5 1/7 1/5 1/5 1/8 1/7 1 5 6 7 3
C13 E2 1/5 1/3 1/5 1/5 1/5 1/5 1/7 1/5 1/5 1 5 5 5
C2 E2 1/9 1/7 1/5 1/3 1/5 1/5 1/5 1/5 1/6 1/5 1 7 3
C12 E2 1/8 1/6 1/7 1/5 1/3 1/5 1/7 1/5 1/7 1/5 1/7 1 4
C8 E2 1/9 1/7 1/5 1/5 1/5 1/7 1/5 1/5 1/3 1/5 1/3 1/4 1
TABLE 5. Input from Expert 3.
C11 C1 C4 C6 C7 C10 C5 C3 C9 C13 C2 C12 C8
C11 E3 1 7 2 3 5 3 7 6 7 5 9 7 9
C1 E3 1/7 1 5 4 7 7 5 5 3 3 7 5 7
C4 E3 1/2 1/5 1 7 5 3 7 5 5 5 5 7 5
Co6 E3 1/3 1/4 1/7 1 7 6 3 7 7 5 3 5 5
C7 E3 1/5 1/7 1/5 1/7 1 5 5 5 5 6 5 3 5
C10 E3 1/3 1/7 1/3 1/6 1/5 1 5 4 6 5 5 5 7
C5 E3 1/7 1/5 1/7 1/3 1/5 1/5 1 5 7 7 5 7 5
C3 E3 1/6 1/5 1/5 1/7 1/5 1/4 1/5 1 7 5 5 5 5
C9 E3 1/8 1/3 1/5 1/7 1/5 1/6 1/7 1/7 1 5 7 7 3
C13 E3 1/5 1/3 1/5 1/5 1/6 1/5 1/7 1/5 1/5 1 5 6 6
C2 E3 1/9 1/7 1/5 1/3 1/5 1/5 1/5 1/5 1/7 1/5 1 7 3
C12 E3 1/7 1/5 1/7 1/5 1/3 1/5 1/7 1/5 1/7 1/6 1/7 1 5
C8 E3 1/9 1/7 1/5 1/5 1/5 1/7 1/5 1/5 1/3 1/6 1/3 1/5 1
Figure 2 reveals the maximum point of interaction present in Weight vector WV can be obtained as:
the marked boundaries of wF; and wF;.
Step 4: Assumptions are made: WV* = (b* (H),b*(Hy)...., b (Hn))T 9)

b* (Hj) = minR (F > F));

VOLUME 11, 2023

(i=1,2,3...k)

®)

Step 5: Equation (x) is then used for getting the normalized
weight vectors for each of the said criteria but thereafter for
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it into equation (xi) as shown here under:

V. CALCULATIONS

by a panel of three experts:

to produce reliable results.

obtained as follows:
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TABLE 9. Integral values of factors/ challenges considered.

Factors/ Challenges Integral Values

Cl 0.128
C2 0.047
C3 0.064
C4 0.12
Cs 0.083
Coé 0.105
C7 0.085
C8 0.007
C9 0.053
Cl10 0.085
Cl1 0.151
CI2 0.016
Cl13 0.040

INTEGRAL VALUES

€1z €13 c1

C1l 55 a%

15% T
c10 \

133, C2
53

5%

9%
s cd
5% 12%
c7 cs
1%
9% c6 8%
11%

FIGURE 3. Figure depicting the influence of challenges in terms of
percentage.

SEl (Cl) = (47.62, 60.81, 71.83) ® ((I/ (47.62 +
532.008), 1/ 452.649, 1/ (71.83 + 368.416)) = (0.082, 0.134,
0.163)

SE2 (C2) = (10.611, 12.932, 16.461) ® ((1/ (10.611 +
532.008), 1/ 452.649, 1/ (16.461 + 368.416)) = (0.019,
0.028, 0.042)

SE3 (C3) = (24.079, 29.292, 34.596) ® ((1/ (24.079 +
532.008), 1/ 452.649, 1/ (34.596 + 368.416)) = (0.043,
0.064, 0.085)

SE4 (C4) = (48.443, 55.588, 66.91) ® ((1/ (48.443 +
532.008), 1/452.649, 1/ (66.91 + 368.416)) = (0.083, 0.122,
0.153)

SES (C5) = (32.312, 38.524, 44.792) ® ((1/ (32.312 +
532.008), 1/ 452.649, 1/ (44.792 + 368.416)) = (0.057,
0.085, 0.108)

SE6 (C6) = (39.86, 49, 58.25) ® ((1/ (39.86 + 532.008),
1/ 452.649, 1/ (58.25 + 368.416)) = (0.069, 0.108, 0.136)

SE7 (C7) = (27.88, 40.34, 48.48) ® ((1/ (27.88 +
532.008), 1/452.649, 1/ (48.48 + 368.416)) = (0.049, 0.089,
0.116)

SES (C8) = (3.01, 3.444, 4.227) ® ((1/ (3.01 + 532.008),
1/452.649, 1/ (4.227 + 368.416)) = (0.005, 0.007, 0.011)

SE9 (C9) = (19.882, 24.114, 28.522) ® ((1/ (19.882 +
532.008), 1/ 452.649, 1/ (28.522 + 368.416)) = (0.036,
0.053, 0.071)
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SE10 (C10) = (31.9, 39.135, 46.56) ® ((1/ (319 +
532.008), 1/ 452.649, 1/ (46.56 4 368.416)) = (0.056, 0.086,
0.112)

SE11 (C11) = (61.31, 73.31, 81.14) ® ((1/ (61.31 +
532.008), 1/452.649, 1/ (81.14 4 368.416)) = (0.103, 0.161,
0.180)

SE12 (C12) = (6.328, 7.648, 8.184) @ ((1/ (6.328 +
532.008), 1/452.649, 1/ (8.184 4 368.416)) = (0.011, 0.016,
0.021)

SE13 (C13) = (15.181, 18.512, 22.056) ® ((1/ (15.181 +
532.008), 1/ 452.649, 1/ (22.056 + 368.416)) = (0.027, 0.04,
0.056)

Further by taking integral value system and then consid-
ering degree of optimism as 0.5, integral values are then
calculated as shown in Table 9 and Figure 3.

From results it is very clear that “Expense on impli-
cation (Cl11), Scantiness in the support received from
the government (C1) and Lack of environment concern
among suppliers (C4) are the most influencing factors/
challenges”.

VI. DISCUSSION AND CONCLUSION

Establishment and usage of environment friendly product is
an effort which involves the usage of both vast investments
by investors and efforts put by capable people to rank thir-
teen different challenges identified, which single-use plastic
industries are facing for switching to environment friendly
products. Calculation done by using fuzzy logic methodol-
ogy provides a large space for assumption by the input of
advice to experts where there is no concrete data available;
it gives room for flexibility by increasing the stability of
obtained solution. It is utmost necessary at the same time
that analysis is also done in detail by taking the expert’s
opinion in relevant field, so that wherever applicable weights
could be assigned. If any mistake or negligence is done in
assigning weights, it may deviate the results. Using TFN,
it allows more relaxation in selecting appropriate challenges
faced by industries, in absence of rigid corresponding data
values and just by involvement of sole opinion of expertise.
Results obtained are shown in the form of graph in figure 3
depicting the influence of challenges in terms of percentage.
Though, it is a known thing that economic strength influences
the role in any social or industrialized grounds. Lack of
proper research, many a times put a noteworthy abstinence in
the implementation of environment friendly products. Huge
involvement of investments both financially and physically is
also one of the reasons for not getting proper track towards
removal of single-use plastics. This research is a step towards
adopting feasible approaches in selection of challenges faced
by industries in replacement of single-use plastic products
to environmentally friendly products. Few similar researches
regarding analysing of challenges can be found in litera-
ture [10], [16], [18] but analysis of challenges related to single
use plastics is novel to authors themselves.
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A detailed study was done in this research to challenges
which are blocking the path for implementation of sustain-
able manufacturing favourable to environment for decreasing
single-use plastic consumptions. A case study is done to
first identify the major challenges and then finding out the
priority for the challenges by using TFN application of fuzzy
methodology. Cost and government support are the most
prominent challenges as identified from the results obtained.
Although it is time taking process, authors have an expecta-
tion that the result outcome will help planners and investors
in replacement of single-use plastics. Authors have minutely
selected the challenges with help of experts so that all the
considerations are involved leaving none but it may happen
that in future that if any other challenge is involved as one
of the criteria then it may lead for a new explicit, stable and
applied output on such grounds.

ACKNOWLEDGMENT

The authors would like to acknowledge the support from
Intelligent Prognostic Private Ltd., Delhi, India, researcher’s
supporting Project for funding this research work. They
would also like to acknowledge the support from Universiti
Sultan Zainal Abidin (UniSZA), Malaysia; and support from
the Department of Electrical Power Engineering, Faculty
of Electrical Engineering, University Technology Malaysia
(UTM), Johor Bahru, Malaysia.

REFERENCES

[1] R.B.Jackson,J.G. Canadell, C. Le Quéré, R. M. Andrew, J. I. Korsbakken,
G. P. Peters, and N. Nakicenovic, “Reaching peak emissions,” Nature
Climate Change, vol. 6, no. 1, pp. 7-10, Jan. 2016.

[2] C. M. Rochman, “The complex mixture, fate and toxicity of chemicals
associated with plastic debris in the marine environment,” in Marine
Anthropogenic Litter, M. Bergmann, L. Gutow, and M. Klages, Eds. Berlin,
Germany: Springer, 2015, pp. 117-140.

[3] J. L. M. Martin, “Social perceptions of single-use plastic consumption
of the Balinese population,” Bachelor’s thesis, Sustain. Coastal Manag.,
Novia Univ. Appl. Sci., Raseborg, Finland, 2015, pp. 1-41.

[4] A. Anjani, “Household waste management in Indonesia: What is an
effective means to household waste reduction in Indonesia?”” M.S. thesis,
Dept. Int. Program Environ. Sustainability Sci., Tohoku University, Sendai,
Japan, 2011, pp. 40-64.

[5] E. L. Teuten, J. M. Saquing, D. R. U. Knappe, M. A. Barlaz,
S. Jonsson, A. Bjorn, S. J. Rowland, R. C. Thompson, T. S. Galloway,
and R. Yamashita, ““Transport and release of chemicals from plastics to
the environment and to wildlife. Philos,” Trans. R. Soc. Lond. B. Biol. Sci.,
vol. 364, no. 1526, pp. 2027-2045, 2009.

[6] S. Lambert, C. Sinclair, and A. Boxall, “Occurrence, degradation, and
effect of polymer-based materials in the environment,” Rev. Environ. Con-
tamination Toxicol., vol. 227, pp. 1-53, Sep. 2014.

[7]1 C. Bach, X. Dauchy, M. C. Chagnon, and S. Etienne, ‘“Chemical migra-
tion in drinking water stored in polyethylene terephthalate (PET) bottles:
A source of controversy reviewed,” Water Res., vol. 46, no. 3, p. 571,2012.

[8] S. Vinodh, M. Prasanna, and N. H. Prakash, “Integrated fuzzy AHP-
TOPSIS for selecting the best plastic recycling method: A case study,”
Appl. Math. Model., vol. 38, nos. 19-20, pp. 4662—4672, Oct. 2014.

[9] E. Cowan, A. M. Booth, A. Misund, K. Klun, A. Rotter, and R. Tiller,
“Single-use plastic bans: Exploring stakeholder perspectives on best prac-
tices for reducing plastic pollution,” Environments, vol. 8, no. 8, p. 81,
Aug. 2021, doi: 10.3390/environments8080081.

[10] J. B. Manley, P. T. Anastas, and B. W. Cue Jr., “Frontiers in Green
Chemistry: Meeting the grand challenges for sustainability in R&D and
manufacturing,” J. Cleaner Prod., vol. 16, no. 6, pp. 743-750, 2008.

[11] A. Sahota, “Future outlook,” in Sustainability: How the Cosmetics Indus-
try is Greening Up. Chichester, U.K.: Wiley, 2013, pp. 301-314.

VOLUME 11, 2023

[12]

[13]

[14]

[15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

(25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

R. Goodland, “The concept of environmental sustainability,” Annu. Rev.
Ecol. Systematics, vol. 26, no. 1, pp. 1-24, 1995.

V. Pereseina, L.-M. Jensen, S. Hertz, and L. Cui, “Challenges and con-
flicts in sustainable supply chain management: Evidence from the heavy
vehicle industry,” Supply Chain Forum, Int. J., vol. 15, no. 1, pp. 22-32,
Jan. 2014.

N. Hrovatin, N. Dolsak, and J. Zoric, “Factors impacting investments
in energy efficiency and clean technologies: Empirical evidence from
Slovenian manufacturing firms,” J. Cleaner Prod., vol. 127, pp. 475-486,
Jul. 2016.

L. Gan, “Globalization of the automobile industry in China: Dynamics and
barriers in greening of the road transportation,” Energy Policy, vol. 31,
no. 6, pp. 537-551, May 2003.

O. Heidrich and A. Tiwary, ‘“‘Environmental appraisal of green production
systems: Challenges faced by small companies using life cycle assess-
ment,” Int. J. Prod. Res., vol. 51, no. 19, pp. 5884-5896, Oct. 2013.

S. A.Narula and A. Desore, “Framing green consumer behaviour research:
Opportunities and challenges,” Social Responsibility J., vol. 12, no. 1,
pp. 1-22, Mar. 2016.

S. Rahimifard, G. Coates, T. Staikos, C. Edwards, and M. Abu-Bakar,
“Barriers, drivers and challenges for sustainable product recovery and
recycling,” Int. J. Sustain. Eng., vol. 2, no. 2, pp. 80-90, Jun. 2009.

N. Bhanot, P. V. Rao, and S. G. Deshmukh, “Enablers and barriers of sus-
tainable manufacturing: Results from a survey of researchers and industry
professionals,” Proc. CIRP, vol. 29, pp. 562-567, Jan. 2015.

No Ban on Single-Use Plastics, to be Phased Out by 2022. Accessed:
12, 2020. [Online]. Available: https://www.downtoearth.org.in/news/
pollution/no-ban-on-single-use-plastics-to-be-phased-out-by-2022-67064
M. Rossi, M. Germani, and A. Zamagni, “Review of ecodesign methods
and tools. Barriers and strategies for an effective implementation in indus-
trial companies,” J. Cleaner Prod., vol. 129, pp. 361-373, Aug. 2016.
Single-Use Plastic. Accessed: Jan. 5, 2023. [Online]. Available: https://
cdn.cseindia.org/attachments/0.28582200_1570445163_factsheet-2.pdf
R. Dekker, J. Bloemhof, and I. Mallidis, ‘“‘Operations research for green
logistics—An overview of aspects, issues, contributions and challenges,”
Eur. J. Oper. Res., vol. 219, no. 3, pp. 671-679, Jun. 2012.

N. Fatema, S. G. Farkoush, M. Hasan, and H. Malik, ‘‘Deterministic and
probabilistic occupancy detection with a novel heuristic optimization and
back-propagation (BP) based algorithm,” J. Intell. Fuzzy Syst., vol. 42,
no. 2, pp. 779-791, Jan. 2022.

D. A. Q. Badang, C. E. Sarip, and A. P. Tahud, “Geographic infor-
mation system (GIS) and multicriteria decision making (MCDM) for
optimal selection of hydropower location in Rogongon, Iligan City,”
in Proc. IEEE 10th Int. Conf. Humanoid, Nanotechnol., Inf. Tech-
nology, Commun. Control, Environ. Manag. (HNICEM), Nov. 2018,
pp. 1-5.

C. Zhang, C. Chen, D. Streimikiene, and T. Balezentis, “Intuitionis-
tic fuzzy MULTIMOORA approach for multi-criteria assessment of the
energy storage technologies,” Appl. Soft Comput., vol. 79, pp. 410-423,
Jun. 2019.

A. Sanaullah, N. Fatema, M. Ather, A. Sanaullah, and H. Malik, “Analyz-
ing impact of relationship benefit and commitment on developing loyalty
using machine intelligence approach,” J. Intell. Fuzzy Syst., vol. 42, no. 2,
pp. 699-712, Jan. 2022.

D. Ghose, S. Naskar, and S. Uddin, “Q-GIS-MCDA based approach to
identify suitable biomass facility location in Sikkim (India),” in Proc.
2nd Int. Conf. Adv. Comput. Commun. Paradigms (ICACCP), Feb. 2019,
pp. 1-6.

H. Malik, N. Fatema, and A. Igbal, Intelligent Data-Analytics for Condition
Monitoring: Smart Grid Applications. Cambridge, MA, USA: Academic
Press, 2021.

L. G. Vargas, “An overview of the analytic hierarchy process
and its applications,” Eur J. Oper. Res., vol. 48, no. 1, pp.2-8,
Sep. 1990.

M. Tahri, M. Hakdaoui, and M. Maanan, ‘“The evaluation of solar
farm locations applying geographic information system and multi-criteria
decision-making methods: Case study in Southern Morocco,” Renew. Sus-
tain. Energy Rev., vol. 51, pp. 1354-1362, Nov. 2015.

R. C. Thompson, C. J. Moore, F. S. V. Saal, and S. H. Swan, “Plastics,
the environment and human health: Current consensus and future trends,”
Phil. Trans. Roy. Soc. B, Biol. Sci., vol. 364, no. 1526, pp. 2153-2166,
Jul. 2009.

77345


http://dx.doi.org/10.3390/environments8080081

IEEE Access

Shabbiruddin et al.: Industry—Challenge to Pro-Environmental Manufacturing

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

M. R. Byrne and M. J. Polonsky, “Impediments to consumer adoption of
sustainable transportation: Alternative fuel vehicles,” Int. J. Oper. Prod.
Manag., vol. 21, no. 12, pp. 1521-1538, Dec. 2001.

What’s the Real Price of Getting Rid of Plastic Packaging?
Accessed: Jan. 12, 2020. [Online]. Available: https://www.bbc.
com/worklife/article/20180705-whats-the-real-price-of-getting-rid-
of-plastic-packaging

K. Mathiyazhagan, K. Govindan, A. NoorulHagq, and Y. Geng, “An ISM
approach for the barrier analysis in implementing green supply chain
management,” J. Cleaner Prod., vol. 47, pp. 283-297, May 2013.

A. Jayant and M. Azhar, “Analysis of the barriers for implementing
green supply chain management (GSCM) practices: An interpretive struc-
tural modeling (ISM) approach,” Proc. Eng., vol. 97, pp. 2157-2166,
Jan. 2014.

O. Egbue and S. Long, “Barriers to widespread adoption of electric vehi-
cles: An analysis of consumer attitudes and perceptions,” Energy Policy,
vol. 48, pp. 717-729, Sep. 2012.

A. M. Alzouby, R. K. Al-Shawabkeh, and A. M. M. Dweiri, “Integrated
infrastructure: A study of rehabilitation of Al-Akaider landfill,” Alexan-
dria Eng. J., vol. 58, no. 1, pp. 261-271, Mar. 2019.

B. Nunes and D. Bennett, “Green operations initiatives in the automotive
industry: An environmental reports analysis and benchmarking study,”
Benchmarking, Int. J., vol. 17, no. 3, pp. 396-420, Jun. 2010.

D. Browne, M. O’Mahony, and B. Caulfield, “How should barri-
ers to alternative fuels and vehicles be classified and potential poli-
cies to promote innovative technologies be evaluated?” J. Cleaner
Prod., vol. 35, pp. 140-151, Nov. 2012, doi: 10.1016/j.jclepro.2012.
05.019.

77346

(41]

(42]

[43]

(44]

(45]

[46]

(47]
(48]

[49]

K. U. Kiran, “Opportunity and challenges of green marketing with special
references to Pune,” Int. J. Manag. Social Sci. Res., vol. 1, pp. 18-24,
Oct. 2012.

Early Work on for Safe Replacement of Plastics. Accessed:
Jan. 12, 2020. [Online]. Available: https://economictimes.indiatimes.
com/news/science/early-work-on-for-safe-replacement-ofplastics/
articleshow/71342402.cms

Y. B. R. Nadaf and S. M. Nadaf, “Green marketing: Challenges and
strategies for Indian companies in 21st century,” Int. J. Res. Bus. Manag.,
vol. 2, no. 5, pp. 91-104, 2014.

M. D. Abdulrahman, A. Gunasekaran, and N. Subramanian, ‘Critical
barriers in implementing reverse logistics in the Chinese manufacturing
sectors,” Int. J. Prod. Econ., vol. 147, pp. 460-471, Jan. 2014.

The True Cost of Not Providing Employee Training. Accessed:
Jan. 12, 2020. [Online]. Available: https://www.shiftelearning.com/blog/
the-true-cost-of-not-providing-employee-training

Volkswagen and the Failure of Corporate Social Responsibility.
Accessed: Jan. 12, 2020. [Online]. Available: https://www.forbes.com/
sites/enriquedans/2015/09/27/volkswagen-and-the-failure-of-corporate-
social-responsibility/#46e35dcf4405

L. A. Zadeh, “Fuzzy sets,” Inf. Control, vol. 8, no. 3, pp. 338-353, 1965.
M. K. Roy, A. Ray, and B. B. Pradhan, ‘“Non-traditional machining process
selection using integrated fuzzy AHP and QFD techniques: A customer
perspective,” Prod. Manuf. Res., vol. 2, no. 1, pp. 530-549, Jan. 2014.

R. Garg, R. Kumar, and S. Garg, “MADM-based parametric selection and
ranking of e-learning websites using fuzzy COPRAS,” IEEE Trans. Educ.,
vol. 62, no. 1, pp. 11-18, Feb. 2019.

VOLUME 11, 2023


http://dx.doi.org/10.1016/j.jclepro.2012.05.019
http://dx.doi.org/10.1016/j.jclepro.2012.05.019

