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ABSTRACT

Waste management is a key to sustainable development and environmental safety, particularly in the environment
of the fast evolving smart cities. This study proposes a new decision-making model that will assist in the process of
choosing effective sustainable methods in waste management for smart cities. It compares the four methods of waste
management in relation to seven factors. Two Multi-Criteria Decision Making (MCDM) are used i) Analytical Hierarchy
Process (AHP) and ii) Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) in a Neutrosophic Soft
Set (NSS) environment. NSS have a more adaptive structure on dealing with the uncertainty and incapacity to be precise
in the decision-making on waste management. In this methodology, AHP determines the weights of decision criteria,
while TOPSIS ranks the effective waste management strategies for final selection. Ten professionals in the universities,
industry, and government sector were used. This assessment was done by way of structured questionnaires of subjective
opinions. As a result, the alternatives were ranked based on their closeness coefficient values as follows: A2 (0.632) >
Al (0.509) > A4 (0.352) > A3 (0.261). The given ranking shows that A2 is more effective than A1, A4, and A3.

Keywords: AHP, Decision-making, Effective waste management, Neutrosophic soft sets, TOPSIS

Introduction

Urbanization is one of the most outstanding tenden-
cies of the 21st century, and cities are becoming the
vibrant centres of economic activity and innovations
and population influx. Nevertheless, swift urbaniza-
tion has brought urgent environmental and logistical
problems, such as traffic jams, poor waste collections,
rising utility prices and rising needs of important ser-
vices, like education, housing, water, healthcare and
transportation. In order to overcome these complex
problems, city officials should consider the prudent
utilization of natural and economic resources and
attempt to reduce environmental pollution. Since the
1990s, this necessity has led to the emergence of

the "smart city" concept in urban planning. Use of
advanced technologies in smart cities is vital in the
provision of more sustainable waste management
(SWM), cost-effective, and efficient services. The im-
plementation and sustenance of sound SWM practices
are determined by a number of technical, political
and economic issues. MCDM approach will provide
holistic solution to the above problems, especially
in determining the best waste management practices
by evaluating and ranking various strategic options
using technical, scientific, and economic feasibility,
and the needs of inhabitants. The use of the NSSs
in MCDM assists in the management of vagueness or
incomplete information in making decisions. Neutro-
sophic sets are an extension of fuzzy sets, including
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functions of degree of truth membership, false mem-
bership and indeterminacy membership. NSSs build
upon traditional soft sets, but they bring in the eval-
uation of the neutrosophic principles, which makes
a decision-making issue to be analyzed more thor-
oughly.

The proposed research addresses a major gap in
the existing literature since it uses a new hybrid
MCDM approach which is a combination of the AHP
and TOPSIS in a NSS context in establishing effec-
tive SWM strategies in the smart cities. The initial
stage of describing the issue in a systematic way
was to choose four successful strategies of waste
management in a sustainable fashion. These plans
incorporate some sustainable practices and intelligent
technologies in both literature and practical applica-
tions. The literature was then used to select seven
criteria and evaluate the performance of these strate-
gies. In this hierarchical system, ten decision-making
experts were formed from academia, the public, and
the private sector for conducting linguistic assess-
ments. AHP has been used to compute the weights
of the criteria. Lastly, TOPSIS was used to rank the
alternatives. This approach ensures a structured eval-
uation and ranking process for identifying effective
SWM strategies in smart cities.

Literature review

Sustainability as a concept in the environmental
context was developed in the 1970s, and it was
called “sustainable development” at first.' It focuses
on securing ecological life and natural resources in
economic, social, and environmental levels. More
so, Goodland,? Seadon® and Morelli* talked about
environmental sustainability, the concept of proper
management of resources, waste and pollution to ad-
dress the current and future needs without destroying
ecosystems. Petts® and Esmaeilian® consider mod-
ern methods, which involve uniting waste operations
with an emphasis on its environmental efficiency,
economic feasibility, and social appropriateness. Re-
cent researches like Hannan,” Kang et al.® and
Jiang et al.” emphasized the improvement of waste
management technologies, including review of solid
waste system, Internet of Things (IoT)-based e-waste
management, and data-driven framework of waste-
dumping behavior analysis. Senthilkumar et al.'?,
Anh et al.'! and Gopikumar et al.'? considered the
use of IoT in the development of smart cities, such
as the landfill leachate system, air pollution system,
and the university waste management system. Addi-
tionally, other improvements of waste management,
such as LoRa and deep learning, an IoT-enabled scrap
metal management solution, and a Blockchain-based

smart waste management system are mentioned in
the works of Sheng et al.!*> Mastos et al.'* and
Sen et al.'®; they focus on minimizing the pollution
and time and energy-saving, which they consider
dynamic waste collection routes, smart containers
to separate waste, and IoT systems to monitor and
improve the waste disposal patterns. They also en-
compass deep learning to classify waste and combine
it with blockchain to have clear data management in
areas such as hospital waste and wastewater. Such
developments have potential improvements on the
sustainability of the environment and the efficiency
of operation in management of waste.

MCDM methods play a crucial role across sectors
by aiding complex decision-making processes. They
also consider alternatives in terms of pre-determined
criteria which is vital in terms of sustainability and
waste management. Moreover, such methods are
AHP and TOPSIS. In 1980, Saaty'® presented the
AHP in the form of ratio scales to compute weights
of criteria. It has been widely applied in various
decision-making cases and scenarios such as the se-
lection of landfill locations, the selection of cloud
service suppliers, the optimization of the parameters
to use to produce green manufacturing, and the se-
lection of the location of hospitals based on Sahin
et al.'” Singh et al.'® Hasan et al.'° and Saketa et
al.?° The TOPSIS decision-making process is founded
on picking the best alternatives that are nearest to
the ideal best solution (Hwang).?' TOPSIS has been
highly explored by various researchers in MCDM
including Zhang, Xu,?? Peng, and Dai,?® Adeel et
al.?* Saqglain et al.?> Selvachandran, and Peng?® and
Zhu et al.?’ applied this MCDM method to fore-
cast the CWC 2019. In addition, Patil and Singh?®
introduced a model that helps a person to select
biometric technology based on their preferences by
using AHP and TOPSIS. Ilangkumaran et al.?° Zor-
pas & Saranti,>° Topaloglu et al.®' and Torkayesh et
al. *> examined MCDM approaches for SWM. Coban
et al.** utilized multi-criteria decision-making meth-
ods to enhance municipal solid waste management
in Istanbul, Turkey. Finally, four SWM strategies are
analysed utilizing Fuzzy AHP and TOPSIS by Demir-
can and Yetilmezsoy. >*

The neutrosophic set, developed by Smaran-
dache,®® has three degrees: membership, non-
membership, and indeterminacy functions, making
it more effective in handling incomplete and uncer-
tain data than Zadeh (1965)’s Fuzzy Set Theory,*®
which uses a single membership function. This in-
novation has garnered considerable attention from
Abdel-Basset et al.>” Naeem et al.*® Tehrim et al. *°
and Abdel-Basset et al.*° as it enhances the credi-
bility of linguistic analysis and provides significant
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Table 1. Alternatives for evaluation.

Alternative Number  Alternatives

Al Incorporating formal recyclable garbage collection into a official intelligent system
A2 A pay-as-you-throw system that employs blockchain technology

A3 Community composting powered by IoT technology

A4 Using IoT to prevent illegal sewage discharge

qualitative insights. In addition, Maji*' developed the
concept of the NSS. In the literature, the Accuracy
Function is used for TOPSIS with Neutrosophic Hy-
persoft Sets according to Saqlain et al. > According to
studies of Saeed et al ** Saglain et al. ** Riaz et al. *°
and Saglain et al. *° numerous researchers extensively
used neutrosophic sets combined with the TOPSIS
method to solve MCDM problems. Moreover, Saqlain
et al. ¥’ introduced a new NSS approach combined
with generalized fuzzy TOPSIS for smartphone selec-
tion applications. Finally, Mohammed and Ashour*®
proposed a weighted Euclidean distance to improve
fuzzy clustering performance.

A lot of researches have been done recently on
efficient SWM. For instance, Moftah et al.*° claimed
that choosing leaders for the hospitality sector should
be based on their level of sustainable performance. In
addition, Abdelmawgoud®’ demonstrated that food
waste management and food operations efficiency
have a strong positive correlation; food waste man-
agement and food operations sustainability have a
moderate positive correlation; and food waste man-
agement has no moderating effect on the relationship
between operations sustainability and operations effi-
ciency. Moreover, Abdelmawgoud®' stated that there
is no correlation between the level of sustainable
lighting practices and the level of sustainable waste
practices. As a result, according to Abdelmawgoud, °*
to attain the maximum level of operational perfor-
mance efficiency, hotels must constantly implement
sustainable practices.

Materials and methods

Creating the problem’s hierarchical structure

In an MCDM process, the initial step is to recognize
the problem that needs to be solved. Next, a hier-
archical structure is established, incorporating both
alternatives and criteria. In this analysis, the aim was
to find out effective waste management techniques.
Based on the literature review, four alternatives and
seven criteria have been selected. Table 1 illustrates
these alternatives that will be considered.

Table 1 shows the alternatives that have been dis-
cussed in the research to promote SWM procedures.
Al aims at encompassing formal recycling mecha-

nisms within the smart systems to increase efficiency
and traceability. A2 suggests a model of payment as
you throw (pay-as-you-throw) based on blockchain
to promote appropriate waste disposal. A3 is also
interested in using IoT to create effective community
composting models. Finally, A4 will handle the issue
of unauthorized sewage release through the appli-
cation of IoT-based solutions. These alternatives are
designed to be assessed using the AHP-TOPSIS frame-
work within a neutrosophic environment.

Table 2 presents the criteria that will be used to
assess the alternatives.

Table 2. Criteria for evaluation.

Criteria Number  Criteria Reference
C1 Atmospheric Emissions 29
Cc2 Pollution of Surface Water 29
C3 Energy Recovery 30
C4 Soil Pollution 29
C5 Maintenance Costs sl
C6 Innovativeness 32
c7 Initial Investment Expenditures 33

Table 2 identifies the criteria involved in the as-
sessment of the suggested SWM alternatives. All the
criteria have been given their own identifier to be
referenced systematically, and the source has been
placed respectively in the column of Reference. C1,
C2, and C4 capture the ecological aspects of evalua-
tion as environmental factors. C3 deals with energy
recovery as it is highly applicable in improving sus-
tainability. The use of C5 and C7 to indicate the
economic factors includes its significance in the via-
bility of the alternatives. Lastly, C6 will determine the
innovativeness of each alternative, which would indi-
cate the importance of technological advancement to
waste management problems.

Analytic hierarchy process (AHP)

The AHP is MCDM method used for calculating the
criteria weights. It was developed by Saaty (1980);'°
weights are calculated by following steps:

Step 1: Create a pairwise comparison matrix using
a scale of relative importance.

Step 2: Determine the priority weights from the
pairwise comparisons to reflect the relative signif-
icance of each element.
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Step 3: Compute the consistency ratio to verify
that the weights are consistent. A ratio below 0.1
is considered acceptable.

The consistency ratio is computed using Egs. (1)
and (2).

k —
cl = tmax— M )
n—1

Consistency Index
Random Index

(2

Consistency Ratio =

Technique for order preference by similarity to ideal
solution (TOPSIS)

TOPSIS is a widely recognized MCDM approach
that aids in ranking and selecting a set of alternatives
by comparing their distance to an ideal solution, ac-
cording to Zhu et al. (2023).?® The TOPSIS method
assesses the decision matrix [Xjj]y, which involves
evaluating I alternatives {X; | i = 1,2,...I} based on
specific J criteria {G; | j = 1,2,...J}.

The steps of the TOPSIS methodology are as fol-
lows:

Step 1: Create the weighted normalized decision
matrix.

Firstly, the normalized decision matrix is calculated
by Eq. (3).
Xij
Zij = N 3

J
VZim X

Then, the weighted normalized decision matrix is
obtained by Eq. (4).

rijzwj*Zij; i=1, 2,

Where, wjindicates the criteria weights.

Step 2: Define the ideal best and ideal worst solu-
tions.

The ideal best (A™) and ideal worst (A™) solutions
are defined as shown in Egs. (5) and (6).

At =(f rf ) ©)

Am=(r{, 15, .....17) (6)

maxr;;, if jisabenefitcriteria
minr;j, if jisacostcriteria

—— minr;j, if jisabenefitcriteria

J maxr;;, if jisacostcriteria.

b

Where,r]?L = {

Step 3: Calculate the separation measures.

The separation measures are calculated by Egs. (7)
and (8).

P = \/ Y @) @)

P = \/ Y G-y ®)

Step 4: Determine relative closeness.

The relative closeness is determined by Eq. (9).

G=— 1 ©)
1_1‘)i++1)i_

Step 5: Rank the preferences.

Order the preferences based on rank obtained in
step 4.

The linguistic terms in the neutrosophic environ-
ment for the evaluation are illustrated in Table 3.

Table 3. Representation of neutrosophic numbers
(NNs) for linguistic variables.

No. Linguistic Variable Code NNs

1 Very Weak VW (0.1,0.35,0.8)
2 Weak w (0.3,0.45,0.7)
3 Acceptable A (0.5,0.49,0.5)
4 Strong S (0.8,0.35,0.4)
5 Very Strong VS (1,0.15,0.2)

The linguistic variables, their corresponding codes,
and neutrosophic numbers are shown in Table 3.
Each neutrosophic number represents truth, indeter-
minacy, and falsity. For instance, "Very Week" (VW)
is assigned the neutrosophic number (0.1, 0.35, 0.8),
indicating a low degree of truth, a moderate level of
indeterminacy, and a high level of falsity. These val-
ues make a systematic assessment of the alternatives.

Opinions from decision-makers

Expert opinions provide significant value in
MCDM contexts because they are essential in
setting the weights of the criteria as well as in
the assessment of strategy alternatives. In this
paper, a collection of ten decision-makers was
gathered, consisting of four academic members, three
representatives of the private industry, and three
representatives of the public sector working in the
field of environmental engineering. Fig. 1 shows the
professional backgrounds of these decision-makers
and their affiliations. The evaluation of seven criteria
by experts with the help of AHP was followed by the
evaluation of four strategy alternatives with the help
of TOPSIS. Decision-makers were contacted through
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Fig. 1. Professional backgrounds of the experts.

email and the questionnaire, which is designed in
Google forms (https://docs.google.com/forms/d/
e/1FAIpQLSefEKABqTk5Ho_Zwey6yQzjSZsOoqtxP_
Bw6LC2ehr2D76Eg/viewform?usp =header),  was
sent to them. The results of the expert assessments
based on linguistic terms were obtained through the
Google Forms.

Fig. 1 in the pie chart gives the areas of special-
ization and the type of organization each member of
the decision-making committee belongs to. Most of
the professionals, who comprise 40%, belong to the
academic institutions that are dealing with environ-
mental engineering. The next group to follow is the
public sector and the private sector, which contribute
up to 30% of the experts each. This distribution high-
lights a balance between academic, regulatory, and
industry perspectives.

Results and discussion
Algorithm

In order to determine the effective waste manage-
ment method through MCDM, the following steps are
followed:

Step 1: Define a problem.

Step 2: Develop a hierarchical structure.

Step 3: Use AHP for calculating weights.

Step 4: Linguistic parameters are assigned to at-
tributes and alternatives.

Step 5: Replace linguistic parameters with NNs.
Step 6: NNs can be converted to FNs with the help
of the Accuracy function“? as follows:

ux+vx+wx)

A(F):( 3

Where, uy represents True Membership, vy repre-
sents Indeterminacy Membership, and wy represents
False Membership in NNs.

Step 7: Rank the values through the TOPSIS
method.
Step 8: Discussion.

Fig. 2 shows the flowchart of the algorithm that
was employed in the selection of the effective waste
management techniques.

Fig. 2 represents the flowchart of the process of
identifying effective sustainable approaches to waste
management through the combination of AHP and
TOPSIS in NSS structure. It will start by defin-
ing the problem and building a hierarchical system
to organize the decision criteria in a hierarchical
way. The weights of the criteria are calculated with
the help of AHP. The criteria and alternatives are
assigned to the linguistic parameters. All these pa-
rameters are then expressed as NNs which are further
transformed into FNs. Finally, the TOPSIS method
is used to prioritize the alternatives, and the re-
sults are assessed and analyzed to facilitate decision-
making.

Implementation of the suggested algorithm

Step 1: The problem statement.

Step 2: Tables 1 and 2 contain the formulation of
alternatives and criteria.

Step 3: The second step is to use the AHP algo-
rithm with Pairwise Comparison Matrix to get the
criterion weights as in Table 4.

The pairwise comparison matrix of criteria pre-
sented in Table 4 indicates the relative significance
of one criterion over the other basing the significance
on the preferences of a decision-maker. All the di-
agonal values are equal to 1 because all the criteria
are equally important to themselves. The off-diagonal
elements show the ratios of the importance in the eyes
of Saaty on his 9-point scale. Table 4 is evaluated by
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/[ ™\
< Define the Problem  }

[ 7

‘ Develop Hierarchical
‘ Structure

Apply TOPSIS

Assign Linguistic
Parameters

Analyze and Interpret the
Results

Substitute Neutrosophic
Numbers

Fig. 2. Algorithm used in the selection of effective waste management techniques.

Table 4. Pairwise comparison matrix.

Criteria C1 C2 C3 C4 C5 C6 Cc7
C1 1 2 2 2 2 2 3
C2 0.5 1 0.33 0.5 0.5 0.5 2
C3 0.5 3 1 0.5 0.5 0.5 3
C4 0.5 2 2 1 0.25 0.5 2
C5 0.5 2 2 4 1 0.5 2
C6 0.5 2 2 2 2 1 2
Cc7 0.33 0.5 0.33 0.5 0.5 0.5 1

finding the relative criteria weights that are provided
in Table 5.

Table 5 shows the relative weight (W;) of seven
criteria (C1-C7), considered during the assessment.
These values are indicators of the level of importance
that each criterion will bear in the decision-making
model. C1 has the highest weight (0.239792) and it
is the most important criteria with C6 (0.185645) and
C5 (0.178704) coming after. C7, conversely, is the
lightest (0.062799) in terms of weight, which means
that it has a relatively lower priority.

Step 4: Assign linguistic parameters to criteria
and alternatives based on the perspectives of
decision-makers as in Table 6.

Table 6 is a decision matrix depending on the pref-
erences of the decision-makers, with four alternatives
(Al to A4) being rated regarding seven criteria (C1 to
C7). The results in the matrix are the qualitative deci-
sions, expressed in the form of the linguistic terms, to
define the performance of each alternative in relation
to each of the criteria.

Step 5: Assigning NN for linguistic parameters of
Table 3.

Table 7 indicates the substitution of each linguistic
parameter with its corresponding NN.

Table 7 shows the allocation of the NNs to the
linguistic variables provided by the decision-makers
against each of the alternatives (Al to A4) in accor-
dance with the criteria (C1 to C7). These numbers are
obtained based on the linguistic variables in Table 6,
which shows the opinions of the decision-makers.

Step 6: Converting NNs to FNs of step 5 using
the accuracy function. Table 8 depicts the result
after the accuracy function has been applied and
the results were converted into a FN that will be
analyzed and interpreted.

The outcomes of the accuracy function of NNs to
turn them into FNs are presented in Table 8. The table
has a fuzzy value in each cell, which is a numerical
representation of the NNs that each alternative and
criterion represents.

Step 7: Next, we apply TOPSIS. Table 9 shows the
normalized form of the decision matrices.
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Table 5. Criteria weights.
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Criteria C1 c2 Cc3 C4 Cc5 Cc6 Cc7
W; 0.239792 0.084378 0.126667 0.122015 0.178704 0.185645 0.062799
Table 6. Linguistic parameters.
C1 c2 C3 Cc4 C5 C6 Cc7
Al VW VS vVw S A W S
A2 W W S VW Vw S W
A3 A VW ) w A VS A
A4 S VS A VS S A VS
Table 7. Substitute a NN for each linguistic parameter.
C1 c2 C3 C4 C5 C6 Cc7
Al (0.1,0.35,0.8) (1,0.15,0.2) (0.1,0.35,0.8) (0.8,0.35,0.4) (0.5,0.49,0.5) (0.3,0.45,0.7) (0.8,0.35,0.4)
A2 (0.3,0.45,0.7) (0.3,0.45,0.7) (0.8,0.35,0.4) (0.1,0.35,0.8) (0.1,0.35,0.8) (0.8,0.35,0.4) (0.3,0.45,0.7)
A3 (0.5,0.49,0.5) (0.1,0.35,0.8) (1,0.15,0.2) (0.3,0.45,0.7) (0.5,0.49,0.5) (1,0.15,0.2) (0.5, 0.49, 0.5)
A4 (0.8,0.35,0.4) (1,0.15,0.2) (0.5,0.49,0.5) (1, 0.15,0.2) (0.8,0.35,0.4) (0.5,0.49,0.5) (1,0.15,0.2)
Table 8. Once the accuracy function has been applied the resulting
outcome is changed to an FN.
C1 c2 Cc3 C4 C5 Ccé6 Cc7
Al 0.417 0.45 0.417 0.517 0.497 0.483 0.517
A2 0.483 0.483 0.517 0.417 0.417 0.517 0.483
A3  0.497 0.417 0.45 0.483 0.497 0.45 0.497
A4 0517 0.45 0.497 0.45 0.517 0.497 0.45
Table 9. Normalized form of decision matrices.
C1 c2 C3 C4 C5 cé6 Cc7
Al 0.434404 0.499329 0.441849 0.552076 0.513931 0.495525 0.530407
A2 0.503159 0.535947 0.547808 0.445292 0.431206 0.530407 0.495525
A3 0.517743 0.462712 0.476815 0.515769 0.513931 0.461669 0.509888
A4 0.538578 0.499329 0.526616 0.48053 0.534613 0.509888  0.461669
Table 10. Normalized weighted matrix.
W;  0.23979 0.084378 0.126667 0.122015 0.178704 0.185645 0.062799
C1 c2 Cc3 C4 C5 c6 Cc7
Al 0.104167 0.042132 0.055968 0.067362 0.091842 0.091991 0.033309
A2 0.120654 0.045222 0.069389 0.054332 0.077058 0.098467 0.031118
A3 0.124151 0.039043 0.060397 0.062932 0.091842 0.085706 0.03202
A4 0.129147 0.042132 0.066705 0.058632 0.095538 0.094658 0.028992

Step 7.1: Calculation of the normalized matrix
that has weighted values are depicted in Table 10.

Table 10 shows the normalized weighted matrix,
which is determined by multiplying all the elements
of the normalized decision matrix (Table 9) by the
corresponding criterion weight. Table 5 shows the
weights that were used to reflect the relative weight
of each criterion. This weighted matrix is important
to assess the performance of each of the alternatives
considering the overall impact of all criteria.

Step 7.2: Identification of ideal best and worst
values. The ideal best and worst values are pre-
sented in Table 11.

The ideal best (r;.r) and ideal worst (r;) values
of each criterion are given in Table 11. The ideal
best values represent the maximum possible perfor-
mance for each criterion, while the ideal worst values
represent the minimum. These values are calculated
from the normalized matrix with weighted values
(Table 10) and are used in subsequent steps to com-
pute the separation measures.
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Table 11. Ideal best and ideal worst values.

Cl Cc2 C3 Cc4 C5 C6 c7
Al 0.104167 0.042132 0.055968 0.067362 0.091842 0.091991 0.033309
A2 0.120654 0.045222 0.069389 0.054332 0.077058 0.098467 0.031118
A3 0.124151 0.039043 0.060397 0.062932 0.091842 0.085706  0.03202
A4 0.129147 0.042132 0.066705 0.058632 0.095538 0.094658 0.028992
r;f 0.104167 0.039043 0.069389 0.054332 0.077058 0.098467 0.028992
r; 0.129147 0.045222 0.055968 0.067362 0.095538 0.085706 0.033309

Table 12. Determining the rank based on relative closeness.

pr P Pr+P " C Rank
Al 0.02527 0.026205 0.051475 0.509086 2
A2 0.017735 0.030515 0.048249 0.632437 1
A3 0.030736 0.010849 0.041586 0.260889 4
A4 0.031863 0.017315 0.049178 0.352089 3

Step 7.3: Determining relative closeness. Table 12
illustrates the determination of the rank based on
relative closeness.

Table 12 provides the ranking of alternatives based
on their relative closeness to the ideal solution. The
values P;" and P represent the distances of each alter-
native from the ideal best and ideal worst solutions,
respectively. The relative closeness indicating how
close each alternative is to the ideal option. The al-
ternatives are then ranked in descending order, where
Rank 1 is the most preferred option.

Step 8: Discussion.

This research employs AHP and TOPSIS to eval-
uate effective sustainable techniques in waste man-
agement for smart cities within NSS environment.
Table 12 and Fig. 3 show the ranking of strategy about
criterion. Following the results, the A2 is the highest-
performing strategy in the considered alternative,
then Al, and A4, and A3 will remain the fourth-best
strategy. The findings provide a clear summary of the
potential of each strategy to deal with the SWM issue
in smart cities. As compared to existing literature, **
the Hybrid Fuzzy AHP-TOPSIS approach had slightly
different ranking of waste management strategies of
smart cities. The alternatives were ranked according
to the closeness coefficients and they were as fol-
lows: A2> A3> A4> Al. Nevertheless, A2, or a A
pay-as-you-throw system based on blockchain, is still
continuously ranked among the most effective SWM
to be used in smart cities.

Fig. 3 shows the position of the alternatives (A1, A2,
A3, and A4) in terms of their relative closeness to each
other. The ranking values are shown on the y-axis,
which is the relative performance of the alternative.
A2 (0.632) is the most desirable since it is ranked
highest among the alternatives. The second-best alter-
native is A1l (0.509), while the third-best alternative

is the A4 (0.352), and the least desirable score, is
A3 (0.261). These rankings were identified based on
AHP-TOPSIS methodology in a NSS environment, as
presented in this paper.

Sensitivity analysis

In MCDM, sensitivity analysis helps with assessing
the consistency and strength of results which makes
the rankings reliable in different conditions. Sensi-
tivity analysis was conducted in this study in five
different scenarios which also included varying the
criteria weights. In Scenario 1, the weight of benefit
criterion was also increased by 25% and in Scenario
2, the weight of each cost criterion was also increased
by 25%. Scenario 3 was a 50% decrease in the weight
of benefit criterion and Scenario 4 a 75% decrease
in the weight of benefit criterion. Lastly, Scenario
5 applied equal weights to all criteria to evaluate
a balanced weighting approach. The values of the
closeness coefficient (C;) of the alternatives were re-
calculated in each case. The findings indicated that in
Scenario 5 where equal weights had been considered
on all criteria, though rankings were generally sta-
ble, slight change in the rankings had been observed.
But the ranking in the first four cases (1-4) did not
vary. Even with such slight adjustments in Scenario
5, the alternative that was selected as first was not
changed in all scenarios. It is worth noting that the A
pay-as-you-throw system with the use of blockchain
technology (A2), secured the top place in all five
cases, and always obtained the largest value of the
closeness coefficient. Table 13 provides a summary of
the obtained C; values of the alternatives. The results
indicate that the AHP-TOPSIS approach is robust and
stable in a neutrosophic environment, which makes
this approach reliable even when significant changes
in the criteria weights.
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Table 13. Updated C; values for the alternatives following the

sensitivity analysis.

Scenario C; (A1) GC; (A2) GC; (A3) C; (A4)

1 0.49074 0.65404 0.25649 0.38706
2 0.52317 0.61575 0.26434 0.32307
3 0.54126 0.59412 0.26882 0.28144
4 0.52651 0.61179 0.26516 0.31583
5 0.37965 0.65505 0.35306 0.47641

Table 13 shows the new C; under different alterna-
tives after the sensitivity analysis under five different
scenarios. Under each of the scenarios, the table
records the C; values of four alternatives (Al, A2, A3
and A4). The different scenarios (1-5) were repre-
sented by each row, and the weights of the criteria
were changed. Such C; values represent the perfor-
mance of one alternative compared to another.

Conclusion

Waste management plays a critical role in sus-
taining a healthy environment, safeguarding health
of the public and enhancing economic stability. By
effectively managing waste, it can able to control pol-
lution, save natural resources, curb climate change,
and improve the living standards in our society.
The most effective SWM technique is determined in
this proposed work with the help of MCDM meth-
ods, AHP, and TOPSIS in an NSS environment. NSS
is dealing with vagueness and uncertainty. Conse-
quently, A2 (0.632) is the most effective and then
Al (0.509), A4 (0.352), and A3 (0.261). The results
indicate the usefulness of the proposed methodology
in the process of ranking and choosing waste man-
agement approaches. Nevertheless, the inconsistency

in outcomes, which is affected by the variation of the
opinions of the experts, emphasizes the characteristic
of dynamism and flexible character of such evalua-
tion. The study has a theoretical contribution as it
shows that the NSS is applicable in addressing the
complex multi-criteria problems in decision-making.
On a practical level, it facilitates SWM practices. This
study can be improved in future by adding alterna-
tive options and evaluation criteria, and using more
sophisticated computational methods, including ma-
chine learning, to increase accuracy and flexibility.
More than that, the potential of the framework is not
limited to waste management, which is why it can be
used in other areas where sustainable and evidence-
based decision-making processes are required.

Acknowledgment

The authors express their gratitude to the Vellore
Institute of Technology for providing the necessary
facilities to conduct this research.

Authors’ declaration

« Conflicts of Interest: None.



708

BAGHDAD SCIENCE JOURNAL 2026;23(2):699-710

We hereby confirm that all the Figures and Ta-
bles in the manuscript are ours. Furthermore, any
Figures and images, that are not ours, have been
included with the necessary permission for re-
publication, which is attached to the manuscript.
No animal studies are present in the manuscript.

No human studies are present in the manuscript.

Ethical Clearance: The project was approved by
the local ethical committee at Vellore Institute of
Technology, Vellore, India.

Authors’ contribution statement

C

onception, design, acquisition of data, analysis,

interpretation, drafting the MS, revision and proof-
reading: S. B. Conceptualized and Computations E. D.
Conceptualized and Verified the Accuracy.

References

10.

. Giovannoni E, Fabietti G. What is sustainability? A review of

the concept and its applications. Integrated reporting: Con-
cepts and cases that redefine corporate accountability. 2013
Oct 23;21-40. https://doi.org/10.1007/978-3-319-02168-3_
2.

. Goodland R. The concept of environmental sustainability. An-

nual review of ecology and systematics. 1995 Jan 1;1-24.
Seadon JK. Sustainable waste management systems. J Clean
Prod. 2010 Nov 1;18(16-17):1639-51. https://doi.org/10.
1016/j.jclepro.2010.07.009.

Morelli J. Environmental sustainability: A definition for en-
vironmental professionals. J. Environ. Sustain. 2011;1(1):2.
https://doi.org/10.14448/jes.01.0002.

Petts J. Municipal waste management: inequities and the role
of deliberation. Risk Anal. 2000 Dec;20(6):821-32. https://
doi.org/10.1111/0272-4332.206075.

Esmaeilian B, Wang B, Lewis K, Duarte F, Ratti C, Behdad
S. The future of waste management in smart and sustain-
able cities: A review and concept paper. Waste Manag. 2018
Nov 1;81:177-95. https://doi.org/10.1016/j.wasman.2018.
09.047.

Hannan MA, Al Mamun MA, Hussain A, Basri H, Begum RA.
A review on technologies and their usage in solid waste moni-
toring and management systems: Issues and challenges. Waste
Manag. 2015 Sep 1;43:509-23. https://doi.org/10.1016/j.
wasman.2015.05.033.

Kang KD, Kang H, Ilankoon IM, Chong CY. Electronic waste
collection systems using Internet of Things (IoT): Household
electronic waste management in Malaysia. J Clean Prod.
2020 Apr 10;252:119801. https://doi.org/10.1016/j.jclepro.
2019.119801.

Jiang P, Van Fan Y, Zhou J, Zheng M, Liu X, Kleme$
JJ. Data-driven analytical framework for waste-dumping
behaviour analysis to facilitate policy regulations. Waste
Manag. 2020 Feb 15;103:285-95. https://doi.org/10.1016/j.
wasman.2019.12.041.

Senthilkumar R, Venkatakrishnan P, Balaji N. Intelli-
gent based novel embedded system based IoT enabled
air pollution monitoring system. Microprocess. Microsyst.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

2020 Sep 1;77:103172. https://doi.org/10.1016/j.micpro.
2020.103172.

Anh Khoa T, Phuc CH, Lam PD, Nhu LM, Trong NM, Phuong
NT, Dung NV, Tan-Y N, Nguyen HN, Duc DN. Waste Manage-
ment System Using [oT-Based Machine Learning in University.
Wirel. Commun. Mob. Comput. 2020;2020(1):6138637. https:
//doi.org/10.1155/2020/6138637.

Gopikumar S, Raja S, Robinson YH, Shanmuganathan V,
Chang H, Rho S. A method of landfill leachate management us-
ing internet of things for sustainable smart city development.
Sustain. Cities Soc. 2021 Mar 1;66:102521. https://doi.org/
10.1016/j.s¢s.2020.102521.

Sheng TJ, Islam MS, Misran N, Baharuddin MH, Arshad
H, Islam MR, Chowdhury ME, Rmili H, Islam MT. An in-
ternet of things based smart waste management system
using LoRa and tensorflow deep learning model. IEEE Ac-
cess. 2020 Aug 12;8:148793-811. https://doi.org/10.1109/
ACCESS.2020.3016255.

Mastos TD, Nizamis A, Vafeiadis T, Alexopoulos N, Ntinas
C, Gkortzis D, et al. Industry 4.0 sustainable supply chains:
An application of an IoT enabled scrap metal management
solution. J Clean Prod. 2020 Oct 1;269:122377. https://doi.
0rg/10.1016/j.jclepro.2020.122377.

Sen Gupta Y, Mukherjee S, Dutta R, Bhattacharya S. A
blockchain-based approach using smart contracts to develop
a smart waste management system. Int. J. Environ. Sci. Tech-
nol. 2022;Aug 1:1-24. https://doi.org/10.1007/s13762-021-
03507-8.

Saaty TL. The analytic hierarchy process (AHP). J. Oper. Res.
Soc. 1980;41(11):1073-6.

Sahin T, Ocak S, Top M. Analytic hierarchy process for
hospital site selection. Health Policy Technol. 2019 Mar
1;8(1):42-50. https://doi.org/10.1016/j.hlpt.2019.02.005.
Singh M, Singh K, Sethi AS. Analytical hierarchy process and
TOPSIS for selecting best parameters of green manufacturing.
Meas. Bus. Excell. 2020 Jun 19;24(3):345-65. https://doi.
org/10.1108/MBE-08-2019-0076.

Hasan MZ, Uddin MS, Islam MS. An expert system for se-
lecting optimal cloud-service provider. Int. J. Inf. Technol.
2022 May;14(3):1555-63. https://doi.org/10.1007/s41870-
021-00822-8.

Saketa Y, Tamene N, Melknew M. Municipal solid waste
disposal site suitability analysis using multi-criteria eval-
uation in Assosa, Ethiopia. Int. J. Environ. Sci. Technol.
2023 Apr;20(4):3815-30. https://doi.org/10.1007/513762-
022-04221-9.

Hwang CL. Multiple attributes decision making. Methods and
Applications. 1981.

Zhang X, Xu Z. Extension of TOPSIS to multiple criteria
decision making with Pythagorean fuzzy sets. Int. J. Intell.
Syst. 2014 Dec;29(12):1061-78. https://doi.org/10.1002/int.
21676.

Peng X, Dai J. Approaches to single-valued neutrosophic
MADM based on MABAC, TOPSIS and new similarity measure
with score function. Neural Comput. Appl. 2018 May;29:939—
54. https://doi.org/10.1007/s00521-016-2607-y.

Adeel A, Akram M, Koam AN. Group decision-making based
on m-polar fuzzy linguistic TOPSIS method. Symmetry.
2019 May  29;11(6):735.  https://doi.org/10.3390/
sym11060735.

Saqlain M, Jafar N, Hamid R, Shahzad A. Prediction of cricket
world Cup 2019 by TOPSIS technique of MCDM-A mathemat-
ical analysis. Int. J. Sci. Eng. Res. 2019;10(2):789-92.
Selvachandran G, Peng X. A modified TOPSIS method based
on vague parameterized vague soft sets and its applica-
tion to supplier selection problems. Neural Comput. Appl.


https://doi.org/10.1007/978-3-319-02168-3_2
https://doi.org/10.1007/978-3-319-02168-3_2
https://doi.org/10.1016/j.jclepro.2010.07.009
https://doi.org/10.1016/j.jclepro.2010.07.009
https://doi.org/10.14448/jes.01.0002
https://doi.org/10.1111/0272-4332.206075
https://doi.org/10.1111/0272-4332.206075
https://doi.org/10.1016/j.wasman.2018.09.047
https://doi.org/10.1016/j.wasman.2018.09.047
https://doi.org/10.1016/j.wasman.2015.05.033
https://doi.org/10.1016/j.wasman.2015.05.033
https://doi.org/10.1016/j.jclepro.2019.119801
https://doi.org/10.1016/j.jclepro.2019.119801
https://doi.org/10.1016/j.wasman.2019.12.041
https://doi.org/10.1016/j.wasman.2019.12.041
https://doi.org/10.1016/j.micpro.2020.103172
https://doi.org/10.1016/j.micpro.2020.103172
https://doi.org/10.1155/2020/6138637
https://doi.org/10.1155/2020/6138637
https://doi.org/10.1016/j.scs.2020.102521
https://doi.org/10.1016/j.scs.2020.102521
https://doi.org/10.1109/ACCESS.2020.3016255
https://doi.org/10.1109/ACCESS.2020.3016255
https://doi.org/10.1016/j.jclepro.2020.122377
https://doi.org/10.1016/j.jclepro.2020.122377
https://doi.org/10.1007/s13762-021-03507-8
https://doi.org/10.1007/s13762-021-03507-8
https://doi.org/10.1016/j.hlpt.2019.02.005
https://doi.org/10.1108/MBE-08-2019-0076
https://doi.org/10.1108/MBE-08-2019-0076
https://doi.org/10.1007/s41870-021-00822-8
https://doi.org/10.1007/s41870-021-00822-8
https://doi.org/10.1007/s13762-022-04221-9
https://doi.org/10.1007/s13762-022-04221-9
https://doi.org/10.1002/int.21676
https://doi.org/10.1002/int.21676
https://doi.org/10.1007/s00521-016-2607-y
https://doi.org/10.3390/sym11060735
https://doi.org/10.3390/sym11060735

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

BAGHDAD SCIENCE JOURNAL 2026;23(2):699-710

2019 Oct;31(10):5901-16. https://doi.org/10.1007/s00521-
018-3409-1.

Zhu Y, Chen C, Zhang G, Lin Z, Meshram SG, Alvandi E.
Investigation of west lake ecotourism capabilities using SWOT
and TOPSIS decision-making methods. Sustainability. 2023
Jan 30;15(3):2464. https://doi.org/10.3390/s5u15032464.
Patil SS, Singh SP. An AHP-TOPSIS based Decision Support
Model for Selecting Biometric System. In 2023 10th Inter-
national Conference on Computing for Sustainable Global
Development (INDIACom) 2023;Mar 15:272-275.
Ilangkumaran M, Sasirekha V, Anojkumar L, Sakthivel G,
Boopathi Raja M, Ruban Sundara Raj T, et al. Optimization
of wastewater treatment technology selection using hybrid
MCDM. Manage. Environ. Qual. 2013 Aug 2;24(5):619-41.
https://doi.org/10.1108/MEQ-07-2012-0053.

Zorpas AA, Saranti A. Multi-criteria analysis of sustainable en-
vironmental clean technologies for the treatment of winery’s
wastewater. Int. J. Glob. Environ. Issues. 2016;15(1-2):151-
68. https://doi.org/10.1504/1JGENVIL.2016.074359.
Topaloglu M, Yarkin F, Kaya T. Solid waste collection system
selection for smart cities based on a type-2 fuzzy multi-criteria
decision technique. Soft Comput. 2018 Aug;22:4879-90.
https://doi.org/10.1007/s00500-018-3232-8.

Torkayesh AE, Rajaeifar MA, Rostom M, Malmir B, Yazdani
M, Suh S, et al. Integrating life cycle assessment and multi
criteria decision making for sustainable waste management:
key issues and recommendations for future studies. Renew.
Sustain. Energy Rev. 2022 Oct 1;168:112819. https://doi.org/
10.1016/j.rser.2022.112819.

Coban A, Ertis IF, Cavdaroglu NA. Municipal solid waste
management via multi-criteria decision making methods:
A case study in Istanbul, Turkey. J Clean Prod. 2018
Apr 10;180:159-67. https://doi.org/10.1016/j.jclepro.2018.
01.130.

Demircan BG, Yetilmezsoy K. A hybrid fuzzy AHP-TOPSIS
approach for implementation of smart sustainable waste man-
agement strategies. Sustainability. 2023 Apr 12;15(8):6526.
https://doi.org/10.3390/su15086526.

Smarandache F. Neutrosophy: neutrosophic probability, set,
and logic: analytic synthesis & synthetic analysis.

Zadeh LA. Fuzzy sets. Inf. Control. 1965 Jun 1;8(3):338-53.
https://doi.org/10.1016/S0019-9958(65)90241-X.
Abdel-Basset M, Mohamed M, Zhou Y, Hezam I. Multi-criteria
group decision making based on neutrosophic analytic hierar-
chy process. J. Intell. Fuzzy Syst. 2017 Jan 1;33(6):4055-66.
https://doi.org/10.3233/JIFS-17981.

Naeem K, Riaz M, Afzal D. Pythagorean m-polar fuzzy sets
and TOPSIS method for the selection of advertisement mode.
J. Intell. Fuzzy Syst. 2019 Jan 1;37(6):8441-58. https://doi.
org/10.3233/JIFS-191087.

Tehrim ST, Riaz M. A novel extension of TOPSIS to MCGDM
with bipolar neutrosophic soft topology. J. Intell. Fuzzy

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

709

Syst. 2019 Jan 1;37(4):5531-49. https://doi.org/10.3233/
JIFS-190668.

Abdel-Basset M, Saleh M, Gamal A, Smarandache F. An ap-
proach of TOPSIS technique for developing supplier selection
with group decision making under type-2 neutrosophic num-
ber. Appl. Soft Comput. 2019 Apr 1;77:438-52. https://doi.
org/10.1016/j.as0c.2019.01.035.

Maji PK. Neutrosophic soft set. Infinite Study; 2013;5:157—
168.

Saqlain M, Saeed M, Ahmad MR, Smarandache F. Generaliza-
tion of TOPSIS for Neutrosophic Hypersoft set using Accuracy
Function and its Application. Infinite Study; 2019;27:131-
137.

Saeed M, Saqglain M, Riaz M. Application of generalized fuzzy
TOPSIS in decision making for neutrosophic soft set to predict
the champion of FIFA: a mathematical analysis. Infinite Study;
2019;51(8):147-156.

Saqglain M, Jafar N, Moin S, Saeed M, Broumi S. Single and
multi-valued neutrosophic hypersoft set and tangent simi-
larity measure of single valued neutrosophic hypersoft sets.
Neutrosophic sets syst. 2020 Mar 21;32(1):317-29.

Riaz M, Saeed M, Saqglain M, Jafar N. Impact of water hardness
in instinctive laundry system based on fuzzy logic controller.
Punjab Univ. J. Math. 2020 May 11;51(4):73-84.

Saqglain M, Moin S, Jafar MN, Saeed M, Smarandache F. Aggre-
gate operators of neutrosophic hypersoft set. Infinite Study.
2020;32:14 pages.

Saqlain M, Jafar MN, Riaz M. A new approach of neutrosophic
soft set with generalized fuzzy TOPSIS in application of smart
phone selection. Neutrosophic sets syst. 2020;32:306.
Mohammed AH, Ashour MA. Enhancing Fuzzy C-Means Clus-
tering with a Novel Standard Deviation Weighted Distance
Measure Baghdad Sci. J. 2024; 21(9):14. https://doi.org/10.
21123/bsj.2024.9516.

Moftah K, Abdelmawgoud M, Abd El Salam M. Measur-
ing the Level of Employees Performance in Cairo’s Hotel
Chains: An Analytic Study. J. Fac. Tour. Hotels Univ. Sadat
City. 2023;7(1/1):98-115. https://doi.org/10.21608/mfth.
2023.298257.

Abdelmawgoud M. The effect of food operations sustainability
on food operations efficiency: The mediation role of food
waste management in five-star hotels in Greater Cairo. J. Fac.
Tour. Hotels Univ. Sadat City. 2023;7(2/3):201-233. https:
//doi.org/10.21608/MFTH.2023.345670.

Abdelmawgoud M, Ali, D, Atia, M. Enhancing Energy-
Saving Efficiency in Light of Sustainability Practices in
Five-Star Hotels in Sharm El-Sheikh City, Egypt. Minia
J. Tour. Hosp. Res. 2023;18(2). https://doi.org/10.21608/
mjthr.2024.315042.1176.

Abdelmawgoud M, Ali D, Atia M. Developing Sustainable
Energy-Saving Strategies in Five-Star Hotels in Sharm El-
Sheikh City, Egypt. Int. J. Tour. Hosp. Manag. 2024;7(2);127-
227.


https://doi.org/10.1007/s00521-018-3409-1
https://doi.org/10.1007/s00521-018-3409-1
https://doi.org/10.3390/su15032464
https://doi.org/10.1108/MEQ-07-2012-0053
https://doi.org/10.1504/IJGENVI.2016.074359
https://doi.org/10.1007/s00500-018-3232-8
https://doi.org/10.1016/j.rser.2022.112819
https://doi.org/10.1016/j.rser.2022.112819
https://doi.org/10.1016/j.jclepro.2018.01.130
https://doi.org/10.1016/j.jclepro.2018.01.130
https://doi.org/10.3390/su15086526
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.3233/JIFS-17981
https://doi.org/10.3233/JIFS-191087
https://doi.org/10.3233/JIFS-191087
https://doi.org/10.3233/JIFS-190668
https://doi.org/10.3233/JIFS-190668
https://doi.org/10.1016/j.asoc.2019.01.035
https://doi.org/10.1016/j.asoc.2019.01.035
https://doi.org/10.21123/bsj.2024.9516
https://doi.org/10.21123/bsj.2024.9516
https://doi.org/10.21608/mfth.2023.298257
https://doi.org/10.21608/mfth.2023.298257
https://doi.org/10.21608/MFTH.2023.345670
https://doi.org/10.21608/MFTH.2023.345670
https://doi.org/10.21608/mjthr.2024.315042.1176
https://doi.org/10.21608/mjthr.2024.315042.1176

710 BAGHDAD SCIENCE JOURNAL 2026;23(2):699-710
dagia aladialy il Alladl) da)icial) 3 )30 oS anll
(g A) 48 g g 5 g8 Ai & AHP-TOPSIS

Sl M &) jlaly 3) ¢ 0 Sy Lgades

gl ¢ ol e o1 S ) gld agma cAadiall a glall A by HlI and
ALadAl)

138 a3 gaill day pos A el (Bl 8 Lapes Y i) e 5 Aaltinnal) dpaiill ZpaaV) Al 1 5al cullaill dladl) 5 ylaY) e
Lol iy o gy 5 ASAN Gaall clylail) 5 1) 8 Adled daline ol HLia) 3 Baclisall Uiaian ) ) 3LA3Y 19S5l caal)
dulicll dlec (MCDM): 1) el sasia ) ) ainal () yha aladiol aly | jubee G Jilie <) 5510y dabiss cilys
Al Ao sanal) 2y A (TOPSIS) (Hoall dal) o il Goyh o il Jpualli 258 (2 5 (AHP) Gllsill (oael
Faa b Al A aae il axe s e Jalaill Ly e ST 1G] A8 ga g 53 i) All) Sl ganall 355 A8 g s 53 sl
el 5 5la) Clag) jiel TOPSIS caiai Lo « 8l julaa o 55l AHP 23a3 cluagiall sda 3 el 5 )y oLy )l
Aalaie il JDA (pa 43503 o) ) e sSa) Cile Uil 5 deliall § cilaslal) (g Chaige 5 b0 (o (32 jh a8 ilgill LSO dlladl)
A2 (0.632) > A1 (0.509) > A4 :J saill o )l dalae o Gulad o I a3 o5 A Aty il 1]

A3 5 A4 5 AL s dallad JSTA2 of il 13 508 ((0.352) > A3 (0.261

TOPSIS ¢l gus 5 i s i Cile pana cdlladll L 5 1) 1 aia (AHP sdsalibal) cilalsl)



	A Quantitative Assessment of Effective Sustainable Waste Management using an AHP-TOPSIS Methodology in a Neutrosophic Environment (in India)
	How to Cite this Article

	A Quantitative Assessment of Effective Sustainable Waste Management using an AHP-TOPSIS Methodology in a Neutrosophic Environment (in India)
	Introduction
	Literature review
	Materials and methods
	Creating the problem's hierarchical structure
	Analytic hierarchy process (AHP)
	Technique for order preference by similarity to ideal solution (TOPSIS)
	Opinions from decision-makers
	Results and discussion
	Algorithm
	Implementation of the suggested algorithm
	Sensitivity analysis
	Conclusion
	Acknowledgment
	Authors' declaration
	Authors' contribution statement
	References

