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Abstract: The rising challenge of polyethylene terephthalate (PET) waste necessitates efficient collection
methods to mitigate environmental impacts. The Analytic Hierarchy Process (AHP) is one of the Multi-Criteria
Decision Analysis (MCDA) approaches utilized in this study. The Technique for Order of Preference by
Similarity to the Ideal Solution (TOPSIS) was used to rank each alternative according to the objective weight
that AHP had produced. Also, sensitivity analysis was performed to determine how robust the findings were
when considering equal weights and entropy weights to maximize PET waste collection techniques. The
alternative achieved the objective of obtaining the best collection method, Threshold Plastic Bottle Waste
Collection (Tpow), out of all the three alternatives considered. Another MCDA approach, VIseKriterijumska
Optimizacija I Kompromisno Resenje (VIKOR), was used to compare the results and validate the ranking result
achieved by the TOPSIS method. The VIKOR technique's validation of the TOPSIS approach showed that the
outcomes were highly consistent. Data for the study were gathered from the archives of waste management
companies on possible practices of plastic waste collection addressing costs, environmental impacts, social
acceptance, feasibility, and efficiency. The findings provide a prioritized framework for enhancing PET waste
collection strategies, contributing to sustainable waste management. Many criteria are considered when
deciding the best collecting method for PET waste recycling, making it challenging. By using criteria
importance, multi-criteria decision analysis (MCDA) was applied in this study, and the objective weight of the
criteria was determined using the analytic hierarchy process (AHP). The five criteria considered in this study
are Initial investment cost, Operational cost, Transportation cost, Environmental risk, Employment potential,
and the objective weights allocated to them. AHP results 0.4952, 0.1997, 0.1565, 0.0870, and 0.0616 are
respectively determined.

Keywords: PET waste; AHP; TOPSIS; VIKOR; entropy weights; equal weights

1. Introduction

The current state of the issue of plastic use and production is very alarming. Yet, it is one of the
most vital components of human activities as it consists of various features, such as strength,
durability, mechanical properties, thermal properties, etc. without any doubt [1]. According to Alex
Olanrewaju Adekanmbi, et al. (2024), the manufacturing, distribution, and extraction processes of
plastic from virgin materials influence the environment greatly. Also, aside from the physical
characteristics of plastics itself, the use of plastics has health effects due to additives, pollutants, and
degradation products [2]. Plastic can accomplish an easy extermination of both humans and
the environment. Plastic is capable of replacing mainly wood, metal, and glass in the first stage of
development [3]. Plastics became ubiquitous as it started finding use in everyone’s household and
office. The study by [4], established the significance of households as an integral part of plastic
pollution lacking the information, attitude, and awareness necessary to separate plastic waste before
disposing of it, the community nevertheless exhibited the behaviors associated with it because they
understood that they were responsible for managing the waste in their respective households [4], as
we are enjoying the convenience of plastics [5].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The most widely recycled plastic is polyethylene terephthalate (PET), used in many products,
such as food packaging and beverage bottles [6]. Unlike the other thermoplastic polymers,
polyethylene terephthalate is a widely used polyester class [7]. This substance is mainly used to make
clothes and food containers, such as plastic water bottles [8]. PET is a solid material that does not
absorb water; hence, it is suitable for food containers. The manufacture of PET and its consumption
resulted in unintended consequences for the environment and human health due to the large amount
of PET disposal in natural ecosystems. With the growth of the income level, the volume of waste
becomes bigger, which is also in proportion to the income [9]. Over the past few years, top scientists
have researched how plastics and chemicals used in production might affect human health. The use
of polyethylene terephthalate (PET) bottles has been a cause of insulin resistance [10], as affirmed by
[11] that exposing PET to the sunlight temperature of (30°-60°) agitates the chemical substance
contained in PET bottled water, reduced anogenital distance in male infants, and low levels of sex
hormones in addition to adverse effects on the immune systems, particularly on the young people
[12]. The damage caused by littered plastics to ecological systems is more visible and disastrous. In a
study by [13] plastic waste has many different sizes and forms. Nevertheless, the breakdown of plastic
into smaller pieces, known as microplastics (MPs), is the most significant and recent harm posed by
plastic pollution. Figure 1 shows improper plastic waste treatment has caused great pollution in
enormous water bodies such as lakes, rivers, and oceans.
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Figure 1. Plastic waste pollution in water bodies.

The rapid increase in plastic production and consumption, particularly PET products, has led to
a corresponding rise in plastic waste generation, posing significant environmental and health risks
[14]. Plastic waste from PET can last for centuries, making it difficult for animals and plants in the
environment to live. Suitable collection methods are vital in lowering the environmental impact of
PET waste and encouraging recycling. Recycling of collected PET waste follows a schematic process
layout represented in Figure 2.  In recent years, emphasis on sustainability and PET recycling has
grown significantly relevant to companies and customers. Recycling PET bottles has drawn consumer
attention. The percentage of PET single-use bottles keeps rising more and more as beverages in PET
packaging materials are drank "on the go [15]. The multi-criteria decision method (MCDM) is the
primary strategy used in this study, and there are other approaches to collecting plastic waste. MCDA
is widely used to analyze and prioritize alternatives with multiple conflicting criteria. MCDM
methods aim to equip decision-makers with knowledge and structure for complex problems,
intangible factors, and better choices [16].

Different MCDA methodologies exist as tools for decision-makers in this process. A few
commonly used approaches are AHP, a pair-wise comparison method that models complex problems
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as a hierarchy of criteria, sub-criteria, and alternatives and allows for ranking decision priorities [17].
AHP is widely used in strategic planning, resource allocation, engineering and manufacturing,
healthcare, business, supply chain, and project selection [17] [18]. In TOPSIS, the ideal solution is
closest to the positive ideal and farthest from the negative ideal. The decision matrix is normalized,
and criteria weights are calculated. Then, the Euclidean distance is calculated for each alternative
from the ideal and negative-ideal solutions [19]. A wide range of problems, such as supplier selection,
facility location, and portfolio management, have benefited from applying TOPSIS, designed
explicitly for quantitative data analysis [20]. PROMETHEE groups alternatives by comparing their
preferences pair-wise. Then, a preference function is assigned to each criterion, and positive and
negative outranking flows are computed, resulting in the final ranking [21]. PROMETHEE is well-
suited explicitly for problems involving qualitative data. It is commonly used in environmental,
transportation, pollution control, and water management [22]. The use of MCDA in sustainable
energy planning demonstrates its ability to incorporate both qualitative and quantitative criteria and
involve stakeholders in decision-making [23].
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Figure 2. Schematic process flow of PET waste recycling and applications of recycled PET [24].

This paper aims to identify the best methods for collecting PET waste using Multi-Criteria
Decision Analysis (MCDA) methods. This study aims to address this issue by examining different
collection strategies from an efficiency and sustainability perspective while considering stakeholders'
preferences.

2. Materials and Methods

Secondary data collected includes collecting statistics and feedback from all stakeholders
involved in the PBW business chain, such as manufacturers, distributors, retailers, policymakers, and
researchers. Issues concerning PET waste generation, collection methods, environmental problems,
industry practices, and government rules were explored.

Information was also gathered on preferences for plastic bottle products and how plastic bottle
waste can be recycled. Findings revealed that plastic bottle waste pollution poses health or
environmental risks, with them naming certain risks associated with pollution. The data provided
gave insight into the level of plastic bottle waste pollution in the study.

The information also covered the nature of the plastic products the post-consumers used the
most and the volume of disposable plastic bottle waste produced by their households each month.
Experts revealed their approaches to handling plastic bottle waste, such as whether they segregate
biodegradable and non-degradable waste and whether they work with waste recyclers. This
information helped to get practical insights about waste disposal behaviors from the post-consumers
regarding what usually occurs and what may need to change.

Experts gave their awareness to government or non-government campaigns about reducing the
use of plastic bottles in their city or area and asked to name any that they were aware of. This section
analyzed levels of public post consumers and the success of the current campaigns in advocating for
waste reduction methods. Figure 3 illustrates the decision framework of AHP, while Table 1 clearly
describes the assessment of the criteria under consideration.
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Table 1. Appraising criteria and accompanying the descriptions.

Criteria Acronym Description of criteria

The initial investment cost is the
necessary financial amount to
begin a project, business, or
investment.

The operational cost is the
continuous expenses needed for
the daily operation of a business
or project.
Transportation cost Transportation costs are the
expenses of moving goods or
people between locations.

Environmental risk is the

possibility of environmental
harm from human actions or
natural occurrences.
Employment potential signifies

Initial investment cost 1C

Operational cost ocC

Environmental risk ER

. generating and maintaining job
Employment potential .o 1 .
EP opportunities within a business,

industry, or region.

Goal Criteria Alternatives

_| Initial investment cost (IC)

—{ Operational cost (OC)

—l Transportation cost (TC)

_| Environmental risk (ER)

—I Employment potential (EP)

Figure 3. The hierarchal framework of PET waste collection for maximum recycling.

The secondary data also established how the post-consumers access information on plastic bottle
waste pollution and what alternatives to plastic they use. Finally, the post-consumers identified the
main reasons for the continued use of plastics and their opinions on the most effective ways to reduce
plastic bottle waste pollution in the city. The methodology employed the utilization of various MCDA
methods, including the Analytic Hierarchy Process (AHP), Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS), VlseKrierijumska Optimizacija I Kompromisno Resenje
(VIKOR), entropy weights, and equal weights. Three criteria weights were estimated using AHP,
entropy weights, and equal weights methods, as shown in Figure 4.
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Figure 4. Criteria weights of AHP, entropy, and equal weights methods.

Three alternatives for PET waste collection methods are identified: Tpbw — Threshold Plastic
Bottle Waste Collection; Ppbw — Project Plastic Bottle Waste Collection; and Epbw — Eligible Plastic
Bottle Waste Collection in a Region. Criteria are categorized into two main groups: Costs (Initial
investment cost, Operational cost, Transportation cost) and Benefits (Environmental risk,
Employment potential). These three (3) criteria were used in estimating the alternatives and were
determined from the standardized Equations 1 and 2.

ey M)

Operation cost ($) = JC + PC2 (2)
where FC is the final cost ($), PC1 is the percentage change in cost (%), JC is the job cost, PC2 is
the process cost. The transportation cost TC, depends on other costs in operation such as the
estimated fuel consumption, the mileage for each shipment and multiplying it with the fuel cost,
expenses on vehicle maintenance, and considering wages of the drivers involved in the
transportation process with some other fees that may be added.

Initial investment cost ($) =

3. Analytic Hierarchy Process (AHP)

The objective weights were determined using the AHP approach by adopting these six steps
[25].
(@) The problem and goal are defined by prioritizing the criteria (Table 2). Constructing a pair-wise
comparison matrix.

Table 2. Secondary data on plastic bottle waste collection methods.
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6
(T bw) (P bw) (E bw)
Criteria/Alternatives ’ ’ ’
% (%) (%)
Initial investment cost (IC) 9,352 37,407 18,703
Cost criteria Operational cost (OC) 25 63 38
Transportation cost (TC) 11 28 17
Environmental risk (ER) 1 5
Benefit criteria
Employment potential (EP) 1 5

(b) Normalizing the constructed pair-wise comparison matrix (Table 3). Normalize the pair-wise
comparison matrix by dividing each element by the sum of its column as given in Equation 3.

ay = < ©
k=1 Qkj

Table 3. Normalized pair-wise comparison matrix.

Criteria Weighted

Criteria IC ocC TC ER EP weights Sum value Ratio
IC 05696 0.7803  0.6593  0.3000  0.1667 0.4952 3.46 6.9857
ocC 0.0633 0.0867 0.1319  0.3000 0.4167 0.1997 0.98 4.9082
TC 0.1139  0.0867  0.1319  0.2000  0.2500 0.1565 0.81 5.2015
ER 0.1899  0.0289  0.0330  0.1000  0.0833 0.0870 0.42 4.8194
EP 0.0633 0.0173  0.0440  0.1000  0.0833 0.0616 0.30 4.8020

() Sum the values in each row to obtain a set of values called weighted sum, as shown in Table 3.
(d) Calculate the mean of the values from the preceding stage; this value is known as A,,4y:

_ 6.9857+4.9082+5.2015+4.8194+4.8020

Amax = : = 5.343

(e) The consistency index (CI) is calculated as follows:

Consistency Index (C.I) = '1’"“—’”1_” 4)
53435

- = 0.085
where n is the number of compared elements (in this case n = 5)
(f)  Now we can calculate the consistency ratio, given as:

Consistency Index (C.I.)

Consistency Ratio = Ratio Index (RD) (5)
= 2% _0.076
1.12

Table 4 contains a randomly generated comparison matrix's ratio index (RI), which is available
and given as shown in Table 4. For n =5, RI = 1.12. It is possible to compute that using these CI and
RI values. The authors presume that our judgment matrix is reasonably consistent because the
proportion of inconsistency (CR) value of 0.076 is less than 0.10, allowing us to proceed with the AHP
decision-making process.

Table 4. Consistency indices for a randomly generated matrix.

N 1 2 3 4 5 6 7 8 9 10
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

4. Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)
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Determining the best alternatives with the shortest distance from the positive ideal solution and
farthest distance from the negative ideal solution with these nine (9) steps [26] [27].

(a) Determining the objective, alternatives, and criteria.

(b) The objective is to optimize the three (3) alternatives (Tpbw — Threshold Plastic Bottle Waste Collection;
Ppow — Project Plastic Bottle Waste Collection; and Epbw — Eligible Plastic Bottle Waste Collection in a
Region) based on the criteria (initial investment cost, operational cost, transportation cost
environmental risk, and employment potentials).

() The decision matrix X is defined by equation (6), with values given.

X1 Xz Xin

X21 X22 X2n

Xm1 Xm2 an
The Normalization of the decision matrix is done using Equation 7.

d) X=[Xy]= (6)

X..
Ty = @)
n=1Xjj

(e) Calculate the values of the objective weight coefficients with Equation 8.

n

ij=1 ®)

)

(f) Determine the weighted decision-making matrix using Equation (9), this represents the
multiplication of elements of a column of the normalized matrix with appropriate objective weight
coefficients obtained from Equation (3).

Vi. = I::. Wi:
J 1= 771
©)
f. Identify the positive and negative ideal solution based on Equations (10) and (11).
vt = {max(vy;), je], min(vy;), je], i = 1} = {ViF, V5, ..V} (10)

V- = {min(vij),je], max(vij),je],i = 1} — (11)

AR CRAY:

(g) Calculate the Euclidean separation distance of each competitive alternative from the positive and
negative solution using Equations (12) and (13)

(12)

(13)

(h) Calculate the distance between each location of the ideal solution. P;. To determine how close a

potential location is to the ideal solution for each competitive alternative using (14).
Si_

Pj=——
SH+5; (14)

(i) The alternatives are arranged in order based on the value of P; Found in Equation (14)
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5. VlseKrierijumska Optimizacija I Kompromisno Resenje (VIKOR)

VIKOR (VIseKTriterijumska Optimizacija I Kompromisno Resenje) is a Serbian language that
means Multi-criteria Optimization and Compromise Solution, which was practically applied in 1998
[28]. The following steps comprise the traditional VIKOR's compromise-ranking algorithm in
Equation (15-19).

(a) Setting up the decision matrix according to Equation.

111 112 Iln
12 1 122 IZTl
I ml Im2 I mn

I=[I;] = (15)

(b) Normalization of the decision matrix is done using Equation 16.

1/

fi' -
] Sy’ 1o

(c) Calculate utility measure S; and Regret measure R; using Equations (17a, b), (18a, b)

; [(é}fl]m:;ax _(ffgj,,)lm Beneficial criteria (17a)
Z Wi [(fl(lﬁ]:ax Efl(]f)ijﬂjl;m Non beneficial criteria (17b)

R; = maximum {wi [ (fij)max ~ () }Beneficial
(fij)max N (fij)min (18a)
R; = maximum [wi (i) - (fij)mi" }Non beneficial
(fij)max N (fij)min (18b)
(d) Rank the alternatives by Q;. The less the value of @Q; is the better decision of the
alternatives using Equation 19.
(Si) - (Si)min ] [ (Ri) - (Ri)min ]
= 1—
Ql v [(Si)max - (Si)min * ( v) (Ri)max - (Ri)min (]_9)

In this context, f;; represents the decision matrix that has been normalized; S; denotes the
utility measure associated with each option while R; signifies the regret measure. w; represents the
objective weight assigned to each criterion, as determined through the Analytic Hierarchy Process
(AHP). The value of v (the strategy that is compromised) is set to 0.5, and Q; is the index that
indicates the ranking of the options.

6. Results and Discussion

d0i:10.20944/preprints202409.1420.v1
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Table 1 presents the datasets collected from plastic waste stakeholders, suggesting the cost
implications for plastic waste collection based on the selected alternatives of the study. Based on a
three-point scale (1 — Equal importance, 3 — Moderate importance, 5 — Strong importance), the two
considered beneficial criteria are measured in relative relationships with alternatives. The pair-wise
comparison matrix was created with the help of a scale of relative importance, as listed and defined
in Table 5.

Table 5. Relative ranking scale.

The scale of relative importance Definition

Equal importance
Moderate importance

Strong importance

1

3

5

7 Very strong importance
9 Extreme importance

2

46,8 Intermediate values

Table 6. Pair-wise comparison matrix.

Criteria IC oC TC ER EP
IC 1 9 5 3 9
ocC 1/9 1 3 5
TC 1/5 1 1 2 3
ER 1/3 1/3 Ya 1 1
EP 1/9 1/5 1/3 1 1

Table 3 also displays the components of the normalized decision matrix for the criteria: the
coefficient of objective weight and the amount of information related to each criterion, respectively.
The initial investment cost ($) has the highest coefficient of the objective weight of 0.495, among other
criteria, while the employment potential has the lowest coefficient of 0.062, as presented in Table 3.
The implication is that the initial investment cost ($) contributes more to the overall objective weight,
while the employment potential has the least contribution.

After each criterion's objective weight coefficient was determined, each alternative's ranking was
created using TOPSIS.

Table 7. Calculating the consistency.

IC ocC TC ER EP
IC 0.50 1.80 0.78 0.26 0.12
oC 0.06 0.20 0.16 0.26 0.31
TC 0.10 0.20 0.16 0.17 0.18
ER 0.17 0.07 0.04 0.09 0.06
EP 0.06 0.04 0.05 0.09 0.06

7. TOPSIS

Table 8 displays the outcome of normalizing Table 2 using TOPSIS. The weightage normalized
decision matrix, also shown in Table 9, is then created by multiplying Table 8 by the objective weight
coefficient of each criterion.
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Table 8. Normalized decision matrix using TOPSIS.
Weightage 0.495 0.200 0.156 0.087 0.062
Alternative/Criteria IC ($) OC ($) TC (%) ER EP
(Tpbw) 0.218 0.324 0.324 0.169 0.169
(Ppbw) 0.873 0.811 0.811 0.845 0.845
(Epbw) 0.436 0.487 0.487 0.507 0.507
Table 9. Weighted normalized decision matrix using TOPSIS.
Weightage 0.495 0.200 0.156 0.087 0.062
IC ($) OoC (9 TC ($) ER EP
(Tpbw) 0.108 0.065 0.051 0.015 0.010
(Ppbwy) 0.432 0.162 0.127 0.074 0.052
(Epbw) 0.216 0.097 0.076 0.044 0.031
Table 10. Euclidean distances and ranking.
Alternatives st S; St+S; P; Ratn-k
position
(Tpbw) 0.072 0.347 0.419 0.8280 1
(Ppbwx) 0.347 0.072 0.419 0.1720 3
(Epbw) 0.121 0.234 0.355 0.6590 2

Table 10 displays the results of ranking each competing alternative by Euclidean distance from
the positive. ;" and negative S; solutions based on the ideal best and ideal worst values. Figure 5

shows the alternatives and their ranking position via Euclidean distances.

N (Tpbw)
N (Ppbw)
I (Epbw)

39.7%

49.9%

10.4%,

Figure 5. The Euclidean ranking positions the three alternatives.

8. VIKOR

The VIKOR method was used to normalize Table 3; the result is shown in Table 11. Table 9 is
then multiplied by the coefficient of the criteria objective weights, determined by AHP, to produce

the weightage normalized decision matrix shown in Table 12.

Subsequent computations from Table 12 are provided in Table 13, displaying the Measure of

Utility Si, the Measure of Regret Ri, and the final Ranking index Qi.
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Both methods have different normalization processes. The TOPSIS method employs vector
normalization, whereas the VIKOR method uses linear normalization. The normalized value in linear
normalization is independent of the criteria's unit. The normalized value in the TOPSIS method may
vary depending on the evaluation unit used for a given criterion. The ranking index with distances
from the ideal and negative-ideal points is introduced by the TOPSIS method. In TOPSIS, these
distances are summed without considering their relative significance [29].

While the TOPSIS approach employs n-dimensional Euclidean distance, which might suggest a
balance between overall and individual satisfaction, it does so in a different manner than VIKOR,
which introduces weight. Both techniques produce listings. The option that scores the highest on
VIKOR is the one that comes closest to the perfect answer. Although the option with the highest
ranking by TOPSIS is the best according to the ranking indeXx, this does not always imply that it is the
best option overall. The VIKOR method ranks and suggests an acceptable solution with an improved
rating [29].

However, it is interesting that the normalization processes of TOPSIS and VIKOR resulted in
similar results, as presented in Tables 8 and 11.

Table 11. Normalized decision matrix using VIKOR.

Weightage 0.495 0.200 0.156 0.087 0.062
Alternative/Criteria IC ($) OC ($) TC ($) ER EP

(Tpbw) 0.218 0.324 0.324 0.169 0.169

(Ppbwx) 0.873 0.811 0.811 0.845 0.845

(Epbw) 0.436 0.487 0.487 0.507 0.507

Table 12. Weighted normalized decision matrix using TOPSIS.

Weightage 0.495 0.200 0.156 0.087 0.062
IC($) OC %) TC (%) ER EP

(Tpbw) 0.108 0.065 0.051 0.015 0.010

(Ppbwx) 0.432 0.162 0.127 0.074 0.052

(Epbw) 0.216 0.097 0.076 0.044 0.031

Table 13. Values of measure of unity, measure of individual regret, and ranking index.

0.5
Rank based on
S; R; Q:

Q;
(Tpbw) 0.1486 0.0870 0.0000 1
(Ppbwx) 0.8514 0.4952 1.0000 3
(Epbw) 0.3581 0.1651 0.2447 2
S*,R* 0.1486 0.0870
S,R™ 0.8514 0.4952

The alternative Tpbw was considered the ideal alternative, having the highest ranking among the
two MCDA methods used in the analysis. However, the alternative Pybw was considered the worst
alternative of the two analysis methods.


https://doi.org/10.20944/preprints202409.1420.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 September 2024 d0i:10.20944/preprints202409.1420.v1

12
Table 14. Performance results.
ENTROPY ENTROPY EQUAL EQUAL
METHOD METHOD WEIGHTS WEIGHTS
TOPSIS VIKOR WITH WITH WITH WITH
TOPSIS VIKOR TOPSIS VIKOR
(Tpbw) 0.828 0.000 0.489 1.000 0.498 1.002
(Ppow) 0.172 1.000 0.511 0.484 0.502 0.482
(Epbw) 0.659 0.245 0.578 0.276 0.580 0.278

The graph provides a comparative analysis of three PBW (Plastic Bottle Waste) collection
alternatives (Tpbw, Ppbw, and Epbw) using six different Multi-Criteria Decision Analysis (MCDA)
approaches TOPSIS, VIKOR, Entropy Method with TOPSIS, Entropy Method with VIKOR, equal
weights with TOPSIS and equal weights with VIKOR. The performance results of each alternative
against each method are presented in Table 14 and represented in a histogram graph in Figure 6 to
reflect the performance of each alternative under multiple criteria.

Performance evaluation graph

EQUALWEIGHTS WITH VIKOR
EQUALWEIGHTS WITH TOPSIS
ENTROPY METHOD WITH VIKOR
ENTROPY METHOD WITH TOPSIS
VIKOR

TOPSIS

(Epbw) (Ppbw) m (Tpbw)

Figure 6. Performance evaluation graph of decision-making matrices.

The TOPSIS method indicates that Tyow has the highest performance value, approximately 0.8.
This shows that Tpbw is the most preferred alternative under TOPSIS, which relies on the geometric
distance from the ideal solution. On the other hand, Ppbw is the lowest performer with a performance
value of 0.2, thus making it the least favorable alternative. Epbw has a performance value of about 0.65,
is moderately preferred, and can be chosen as an alternative to Tpbw.

The VIKOR method shows a different strength of preference. Tpbw has the lowest performance
value of 0; thus, it is the least preferred alternative for the VIKOR approach, as it favors compromise
solutions. However, Ppbw has the highest performance at 1 and is the best alternative under VIKOR.
Epbw has an estimated performance value of approximately 0.25, which is therefore not too high
compared to the total source size and thus not too low, implying moderate suitability.

With the entropy method with TOPSIS, the performance values for all three alternatives are
similar, varying between 0.48 and 0.58. Epbw is slightly higher than the other alternatives, with a value
of about 0.58, while Tpbw and Ppbw have almost similar performance values, slightly lower than
Epbw. This minute change implies that when criteria weights are balanced through entropy, the
performance gap between alternatives decreases so that all alternatives become equally desirable.

The entropy method with VIKOR presented the performance value of Tpbw, the most preferred
alternative, with a value of 1. Ppbw scores around 0.48, and Epbw has the lowest value at about 0.28.
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This method recommends Tpsw as the best alternative, so the results of adjusting the weights
according to entropy and employing VIKOR confirm the preference for Tpbw.

The equal weights with the TOPSIS method showed that the performance values of all the
alternatives were similar at about 0.5, with Epbw slightly higher at about 0.58. This implies that if all
concerns are treated equally, Epbw takes a slightly higher position. The close performance indicators
mean no significant difference between the alternatives when considering equal weights.

The performance values using equal weights with VIKOR indicated that Tpbw and Ppbw
performance values are comparable at around 0.48, while Epbw has the lowest value at
approximately 0.28. This method shows a significant preference for Tpbw and Ppbw instead of Epbw, and
it is in line with the Entropy Method with VIKOR results. It is apparent from the graph that the
preference of alternatives is significantly influenced by the MCDA method used. Tpbw has consistently
scored high in all methods, especially TOPSIS and entropy, with VIKOR showing that it is the best
PET waste collection method. Ppbw has its strength mainly in VIKOR and demonstrates its use when
group utility and compromise matter the most. However, Epbw is the most consistent moderately
performing method and is preferred in equal weight or entropy with TOPSIS methods.

9. Sensitivity Analysis

Sensitivity analysis is performed to determine the impact of altering the objective weights of
criteria on evaluating alternatives. This is done by identifying the various alternative ranking changes
that arise for each method if the weight of each sub-criteria value is altered [30] [31]. When the original
ranking is altered by altering the objective weights of the criteria, the results are considered sensitive;
otherwise, the results are referred to as robust. These modifications produce various scenarios that
could change the ranking of alternatives [32].

Through the utilization of four (4) scenarios, sensitivity analysis was performed. Instead of using
the original AHP approach, the objective weights were redistributed using the entropy method. The
second possibility involved giving each criterion the same weight. Table 12 presents each of the four
situations. This indicates that alterations in the criteria' objective weights can impact the ranking
outcomes determined by the two techniques. Alternative Epbw is confirmed to be the best choice in all
four scenarios, and it was considered for the sensitivity analysis of the TOPSIS and VIKOR
procedures since it was ranked first in all four scenarios.

The MCDA tools AHP, TOPSIS, and VIKOR have been effectively utilized to choose the most
effective techniques for collecting plastic bottle waste. The weight of each criterion's objective costs
associated with initial investment, operations, transportation, environmental risk, and employment
potential are determined using the AHP method. TOPSIS and VIKOR were used to rank and
ultimately choose among the alternatives for the PET waste collection methods: Threshold Plastic
Bottle Waste Collection, Project Plastic Bottle Waste Collection, and Eligible Plastic Bottle Waste
Collection in a Region. The results were the same when the ranking results from TOPSIS were
compared as a further investigation with the VIKOR method. Trbw was ranked as the best alternative
by TOPSIS and VIKOR methods.

According to sensitivity analysis, changes in the objective weight of the criteria impact both

TOPSIS and VIKOR, which were used to rank the alternatives.
The selection of additional criteria to strengthen the process can be further explored in future research
to examine the robustness of the outcomes. This can include the following: social impact,
environmental impact, ease of sorting plastic waste [33], energy consumption, sustainability,
processing cost [34], and other waste management factors.

10. Conclusions

The best PET waste collection method has been chosen with the help of MCDA tools like AHP
and TOPSIS. The AHP approach was used to calculate the objective weight of the consideration
criteria, which included employment potential, environmental risk, operational costs ($),
transportation costs ($), and initial investment costs ($). TOPSIS was used to rank and decide the
alternative (collection method). To confirm this, the ranking findings from TOPSIS were compared
with those from the VIKOR approach. Tpbw was ranked as the top alternative by the VIKOR technique
as well. This study reveals the best alternatives to achieve the optimal collection method to enhance
PET waste recycling further. According to the sensitivity analysis conducted, changes in the objective
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weight of the criteria impacted both TOPSIS and VIKOR, which were used to rank the alternatives.
The study can be strengthened by adding more criteria and conducting research to incorporate other
PET waste disposal techniques.
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