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Abstract

This research aimed to examine which of the selected strategies can most effectively influ-
ence households to reduce their total municipal waste and thus protect the environment.
To achieve this goal, a sample of 202 households from the Brčko District of BiH was used.
Respondents evaluated six strategies against ten criteria, expressing their assessments
through linguistic values. These linguistic inputs were modeled using symmetric fuzzy
numbers, ensuring a consistent and mathematically robust representation of uncertainty
and subjective judgment. The research used the fuzzy SiWeC (Simple Weight Calculation)
method to determine the importance of the criteria, and the fuzzy TOPSIS (Technique for
Order of Preference by Similarity to Ideal Solution), ARAS (Additive Ratio Assessment),
and SAW (Simple Additive Weighted) methods to rank the strategies. The application
of several methods in decision-making helps validate results and verify the robustness
of strategy selection. These methods identified “waste reduction efficiency” as the most
important criterion and “Strategy 3—Packaging return machines” as the most effective
overall. Furthermore, analysis of demographic subgroups revealed significant variations
in the perceived value of alternative strategies. Consequently, this study concludes that
to optimize municipal waste management, strategies should be tailored to specific demo-
graphic profiles. This targeted approach would enhance waste reduction at the source,
divert more waste from landfills, and promote the broader implementation of circular
economy principles. The use of symmetric fuzzy numbers provided a reliable and stable
foundation for this multi-criteria decision-making analysis.

Keywords: strategic management; municipal waste; MCDM methods; circular economy;
symmetry fuzzy numbers

1. Introduction
In the last few decades, the world’s population has been increasing exponentially. This

demographic growth brings specific problems. One is providing food and water for all
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residents; the other is that, as the number of inhabitants increases, municipal waste rises
proportionally. It is projected that by 2050, two-thirds of the population will live in urban
areas and that waste problems will become increasingly severe [1]. To address this growing
problem, it is necessary to develop a municipal waste management system to reduce
environmental impact and protect resources for future generations [2]. Przydatek et al. [3]
further highlight this problem, noting that 2 billion tons of municipal waste are generated
annually, of which at least 33% is disposed of in an environmentally unsafe manner. This
fact further emphasizes the importance of municipal waste management [4]. This problem
can be addressed through reuse and recycling by applying the principles of the circular
economy (CE) [5]. However, to apply these CE principles in practice, it is necessary to
influence the population by implementing strategic management to reduce municipal
waste generation [6]. Improving waste management efficiency can be achieved in various
ways, including waste sorting [7].

The key challenge in implementing CE principles in households is raising awareness
of the importance of proper waste disposal and selection. To achieve this, it is necessary
to promote lifelong learning for the population and to support media coverage of CE
principles [8]. However, applying CE principles in general requires providing the necessary
equipment and implementing appropriate strategies. Research by Wang et al. [9] showed
that the implementation of CE practices depends on three factors: subjective norms within
the household, perceived behavioral control, and behavioral intentions. Among these three
factors, household-level subjective norms have the greatest influence on the implementation
of these practices, and systematic action is required to change them. To achieve this,
various strategies are needed to effect behavioral change, including promotional policies,
campaigns, socialization, and community-based educational activities [10].

In addition to education, the application of technological solutions also contributes
to solving the problem of municipal waste in strategic management. As technological
solutions develop, the problem of municipal waste is being addressed more quickly [11].
Therefore, it is necessary to use modern technological solutions alongside education and
media promotion. In this way, various sensors can support waste sorting, and advanced
artificial intelligence (AI)-based systems can also be used [12]. These advanced systems
motivate the population to participate more effectively in waste sorting, thereby enabling
the implementation of CE practices.

In addition to technological solutions, waste reduction is influenced by legal regu-
lations [13] that set household obligations and impose sanctions for noncompliance. For
this reason, strategic municipal waste management must be applied in different ways to
ensure synergistic effects from the various measures implemented to reduce waste. Reduc-
ing household waste also reduces environmental impacts, protects natural resources, and
strengthens environmental behavior among the population.

Efficient and effective municipal waste management is a challenge for countries in
transition, such as Bosnia and Herzegovina (BiH) [14]. This country has a particularly inef-
ficient waste management system, with landfills failing to meet environmental standards
and many illegal landfills endangering the country’s natural resources. To partially address
this problem, strategic management is needed to reduce the municipal waste generated by
citizens. To evaluate these strategies, the Brčko District of BiH will be used as an example.
The specificity of this local government is its special administrative status within BiH.
Given its status, this local community is a good sample.

However, these studies will not determine which strategy should be applied; instead,
they will identify which of the observed strategies gives the best results, as judged by the
population’s opinion. This is because solving a problem requires a systematic approach
and multiple measures. Only in this way will a synergistic effect be achieved, where
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applying two or more strategies produces better results than applying any single strategy
alone. These strategies should complement one another and help address municipal
household waste.

1.1. Research Motivation

There are several motivations for conducting this research. First, municipal waste is
increasing, posing a major environmental problem. Reducing household waste or increas-
ing its recycling would reduce the negative environmental impact. Second, implementing
strategic management aligned with CE principles affects household waste generation. By
implementing these strategies, waste is reduced, and the percentage of waste sorted for
further use or recycling increases. Third, the Brčko District, as a local administrative unit,
lacks a municipal waste landfill. This local community planned to build a waste manage-
ment center. However, construction of the waste management center has not yet begun and
will take several years. The temporary solution used by the Brčko District is to transport
municipal waste to other regional landfills in other parts of BiH. This increases logistical
costs because the collected waste must be transported to a designated location. This in-
creases transportation costs, primarily due to fuel consumption, municipal machinery use,
and personnel. Therefore, reducing household waste is necessary to reduce logistics costs.
Reducing waste in this local community would also lower the logistical costs of waste
management. All of the above motivations, along with many others not listed, demonstrate
the importance of conducting this research.

1.2. Research Goals

When implementing this research, it is necessary to define the goals it will achieve.
When setting goals, start with the primary goal, which is further broken down into the
specific goals of this research. The main goal of this research is to evaluate municipal waste
management strategies to determine which would have the greatest practical impact, using
the Brčko District of BiH as a case study. To achieve this, it is necessary to determine how
strategies will be evaluated. During the evaluation, the opinions of the population will be
used to determine which strategy would give the best results in practice. On this occasion,
the population will provide ratings on a linguistic scale, which will be used to determine
the importance of the criteria and identify which strategies would give the best results. To
achieve this, a fuzzy approach based on linguistic ratings will be used. Based on all this,
specific research goals are set, which will be addressed through questions to which this
research should provide an answer:

• How can the membership function be defined symmetrically so that there is no
difference in specific ratings?

• Which of the criteria used is the most important for ranking strategies?
• Which of the strategies gives the best results according to the population of the Brčko

District of BiH??
• Do the rankings of the strategies differ based on the demographic characteristics of

the population?

1.3. Research Contributions

Given the specificity of the research subject, this research makes several contributions.
First, this research focuses on a strategic approach to reducing waste that ends up in
landfills and thus endangers the environment. It is necessary to reduce waste and reuse
or recycle it. In this way, the environment would be protected in accordance with the 3R
principles (reduce, reuse, and recycle). Second, these strategies are not yet in practice in
the Brčko District of BiH, and this research examines their potential effects on municipal
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waste reduction in this area. Determining the effects would not result in only one of the
strategies being used; it is necessary to use more of them for the effects to be as good
as possible in practice. This research provides only an assessment of the importance of
these strategies, based on which a particular strategy can be given greater focus. Third,
by using symmetric membership functions to determine rating importance, a symmetric
fuzzy number will be defined for each rating, and the relationships among them will
also be symmetric. In this way, no particular rating will be given greater weight, and all
ratings will be equal when calculating the final result. Fourth, given the research design
and sample size, a comparative analysis of the results will be conducted to determine
whether respondents’ demographic characteristics affect the ranking of strategies. In this
way, it will be determined whether certain demographic groups have different attitudes
and opinions from others. By comparing these groups, it will be possible to determine
which municipal waste management strategy a particular demographic group prefers and
whether there are differences in their opinions. Fifth, the contribution of this research
is the integration of the SiWeC method with various MCDM methods using symmetric
fuzzy numbers. Its application enables the systematic management of household municipal
waste, as demonstrated by local community examples.

2. Literature Review
In the literature review, the focus will be on strategies for solving municipal waste

problems and on multi-criteria decision-making (MCDM) methods, with examples from
municipal waste research. In this way, this section will be divided into two sub-sections.

2.1. Strategic Directions in Solving Municipal Waste

The research on strategies to address municipal waste focused on several segments.
First, the authors focused on the relationship between waste management strategies

and CE. They investigated how municipal waste is managed in line with CE practices.
Ibarra Vega and Bautista-Rodriguez [15] developed a waste management model based on
the closed-cycle strategy, which falls under the CE concept. They compared the strategy
using economic incentives to increase waste-sorting and reuse capacity. Adami and Schi-
avon [16] determined that waste management strategies should be based on the principles
of CE, with a focus on new waste-recycling opportunities. Wikurendra et al. [17] examined
waste management strategies grounded in CE principles in Indonesia to reduce household
waste by 2025. Kurniawan et al. [18] also studied waste management strategies in Indonesia,
using adapted German practices and CE principles. They implemented these strategies in
the village of Sukunan and showed that CE principles reduced waste by 30%.

Some authors focused on the application of waste management strategies by reviewing
previous research. Szpilko et al. [19] conducted a review of papers with keywords related
to smart cities and waste. By systematizing these papers, the authors determined that, to
manage waste adequately, modern digital technologies must be used; therefore, strategies
should be directed toward their use. Iqbal et al. [20] systematized research on the life cycle
of municipal waste management and identified management strategies. They found that
recycling was the best strategy in this review.

Other authors have examined various strategies for municipal waste management
to inform strategy development. Zorpas [21] presented a holistic approach that included
the development, implementation, monitoring, and improvement of waste management
strategies. This research provided strategies to prevent food and beverage waste, reuse
materials, and reduce overall waste generated by the population. Jerin et al. [22] reviewed
existing solid waste management policies and strategies in Bangladesh. Based on this
review, they emphasized that monitoring and coordination problems across agencies need
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to be addressed to implement these strategies more effectively in practice. Deme et al. [23]
examined policies, laws, and strategies for controlling microplastic pollution in Africa. In
this study, the authors found that the approaches used to manage this waste are ineffective.
Pheakdey et al. [24] examined the current state of solid waste management in Cambodia
through the 2020–2030 solid waste management strategy. Their results showed that waste
management should be based on the 4R system (reduce, reuse, recycle, and recover).

As this research review shows, extensive research has been conducted worldwide
to develop waste management strategies. The emphasis has been on applying the CE
principles to waste management.

2.2. Application of MCDM Methods in Municipal Waste Research

In many studies on municipal waste, MCDM methods have been used to address
various problems. Since it is not possible to include all studies on that topic, only some will
be included here to show that MCDM methods were used in previous research to solve
this problem (Table 1).

Based on this review of previous research, it can be seen that research is mainly
oriented toward several segments, i.e., the selection of a location for the construction of
a landfill, the selection of technology for municipal waste management, the selection of
methods for converting municipal waste into energy, and the consideration of various
strategies to influence municipal waste management.

Based on this, the implementation of this research aims to address several research
gaps. There are a few studies focused on strategies for households to reduce the total
amount of waste sent to landfills. In this way, preventive measures are implemented
to ensure that waste does not end up in landfills but is reused or recycled. In addition,
this research examines whether respondents’ demographic characteristics influence the
determination of criteria weights and the evaluation of waste management strategies. In
previous research, such an examination was only partially conducted and received no
attention. The reason is that, in practice, a smaller number of respondents is typically used
to determine the weights of the criteria and to evaluate alternatives. Hence, the sample is
not further broken down.

Table 1. Application of MCDM in solving municipal waste management problems.

Author(s) Description Method(s)

Shahnazari et al. [25] Examining which thermal method best addresses the
problem of municipal waste AHP and TOPSIS

Zhou et al. [26] Evaluation of various technologies for the disposal
and treatment of municipal waste sludge AHP, VIKOR, and TOPSIS

Asefi et al. [27] Evaluation of existing municipal waste landfills
in Australia AHP and TOPSIS

Mujtaba et al. [28] Assessment of scenarios for municipal waste
management AHP, TOPSIS, and PROMETHEE II

Van Thanh, [29] Selection of the most suitable site for municipal solid
waste processing plants in Vietnam AHP and CoCoSo

Gaur et al. [30] Selection of the most suitable strategy for municipal
solid waste treatment AHP and TOPSIS

Omran et al. [31] Selection of the most suitable technology for
municipal solid waste treatment in India AHP, WSM, WPM, and TOPSIS

Bilgilioglu et al. [32] Selection of sites for municipal solid waste disposal AHP and TOPSIS
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Table 1. Cont.

Author(s) Description Method(s)

Eghtesadifard et al. [33] Selection of sites for the construction of landfills for
municipal waste disposal DEMATEL and ANP

Agbejule et al. [34] Selection of technologies for converting municipal
waste into energy AHP

Gombojav and Matsumoto [35] Different methods for municipal waste disposal
were analyzed TOPSIS

Durlević et al. [36] Selection of a site for a sanitary landfill in Serbia AHP and MOORA

Kurbatova et al. [37] Selection of methods for converting municipal solid
waste into energy AHP

Alam et al. [38] Incineration of municipal waste and use of the
resulting gases AHP

Torkayesh et al. [39] Selection of technologies for the disposal of municipal
solid waste BMW

Bechroune et al. [40] Selection of sites for the disposal of municipal waste AHP

Alossta et al. [41] Evaluation of alternative strategies for municipal
waste management FUCOM and EDAS

Legend: AHP—Analytical Hierarchical Process; VIKOR—ser. Vlšekriterijumska Optimizacija I Kompro-
misno Rešenje; PROMETHEE—Preference Ranking Organization Method for Enrichment Evaluation; CoCoSo—
Combined Compromise Solution; WSM—weighted sum model; WPM—weighted product model; DEMATEL—
Decision Making Trial and Evaluation Laboratory; ANP—Analytic Network Process; MOORA—Multi-Objective
Analysis by Ratio; BWM—Best-Worst Method; FUCOM—Full Consistency Method; EDAS—Evaluation Based on
Distance from Average Solution.

3. Methodology and Research Implementation
The research will be conducted through four interconnected phases. Each phase is

described in detail to support this research. All phases are shown in Figure 1. The following
text will explain these research phases.

 

Phase 1—Formation of the 
decision model 

Waste reduction strategies selection 

Criteria for strategy evaluation selection 

Phase 2—Forming the 
questionnaire and scale of 

values 

Criteria for strategy evaluation selection 

Defining a value scale 

Phase 3—Conducting research 

Questionaries distribution 

Data processing and preparation for analysis 

Phase 4—Conducting data 
analysis 

Determining the weight of criteria 

Evaluation and ranking of strategies 

Figure 1. Methodology and research implementation.
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3.1. Formation of the Research Model

The research model evaluates strategies to reduce household municipal waste and
provides criteria for assessing these strategies. To determine the research model, the
strategies to be used will be defined first. When selecting strategies, it was assumed that
they could be implemented by utility companies in BiH, with particular emphasis on their
application in the Brčko District. In addition, the practical application of these strategies
was considered, using examples from developed countries. Further selection of these
strategies is based on local planning strategies and their practical implementation in the
Brčko District of BiH. Special emphasis was placed on the fact that these strategies do not
require substantial initial investment and can be implemented with existing institutional
and infrastructural capacities. Defining strategies in this way makes them feasible in
practice within this local community. In this research, six strategies were adopted to reduce
municipal waste generated by the population:

• Strategy 1 (Separate collection and recycling) provides separate containers for waste
separation (plastic, glass, etc.) so waste can be disposed of free of charge, and recycling
is simplified.

• Strategy 2 (Pay as you throw). Under this strategy, garbage collection is charged based
on the amount of waste generated by the household and sent to landfills.

• Strategy 3 (Packaging return machines) involves installing machines for the return of
plastic bottles, cans, and PET packaging for a fee.

• Strategy 4 (Waste separation for composting) supports the composting of bio-waste by
installing composting containers that will be available to citizens.

• Strategy 5 (Reuse and exchange) establishes a center for the exchange of things, where
clothes, toys, household appliances, furniture, and other waste that can be reused could
be delivered and could be taken for free or for a small fee.

• Strategy 6 (Reducing single-use packaging) enables the distribution of multiple packaging
and provides incentives for the use of multiple packaging to reduce packaging waste.

These strategies are common in developed countries and are used in practice. However,
developing countries have not yet reached a level of ecological development that allows
for their implementation. It should be noted that these strategies are also used in some
areas within these countries, but such cases are isolated. In practice, the goal should be to
increase the number of such cases to effectively manage household-generated municipal
waste in developing nations. To evaluate and rank these strategies, ten criteria were used
(Table 2). Questions were also developed to assess the impacts of each strategy and to
enable household evaluation. Using these criteria, the effectiveness of the selected strategies
will be determined.

Table 2. Criteria for evaluating strategies for reducing municipal waste.

Id Criteria A Question for Evaluating Strategies Using Criteria

Cr.1. Efficiency of waste reduction How much does a particular strategy help reduce the amount of
municipal waste that ends up in landfills?

Cr.2. Ability to execute strategy How feasible is a particular strategy?

Cr.3. The practicality of applying strategies How easy is a particular strategy for households to use?

Cr.4. Availability of resources to implement the
strategy

What resources and infrastructure are needed to implement a
particular strategy in practice?

Cr.5. Acceptability by citizens How acceptable would a particular strategy be to households?

Cr.6. Potential for recycling How much does a particular strategy increase municipal
waste recycling?
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Table 2. Cont.

Id Criteria A Question for Evaluating Strategies Using Criteria

Cr.7. Sustainable long-term effect How long does it take a strategy to reduce waste?

Cr.8. Regulatory and legal compliance How consistent is a particular strategy with laws and regulations?

Cr.9. Social impact of strategy How does a particular strategy contribute to social responsibility and
strengthen citizens’ everyday awareness?

Cr.10. Flexibility in strategy implementation Is it possible to modify a particular strategy to meet the needs
of households?

3.2. Questionnaires and Scale of Values Formation

In accordance with the research model, a questionnaire is also developed for this
study. The questionnaire is organized into three categories. The first group of questions
collects demographic data on respondents’ gender, educational level, household size, and
age. The second group of questions assesses the importance of the research criteria. In
this set of questions, respondents are asked to rate the importance of each criterion in
evaluating strategies. The third group of questions assesses the efficiency of municipal
waste management strategies. In this set of questions, respondents rate the extent to which
each strategy meets the research criteria. If a strategy meets the criteria to a higher extent,
the score will be higher; if it meets the criteria to a lesser extent, the score will be lower.
Before the survey was conducted, the questionnaire was pretested with a small sample to
assess whether the criteria and proposed strategies were clear to respondents. Based on
feedback, minor linguistic corrections were made to simplify the questionnaire, increasing
the number of respondents. In this way, the risk of misinterpretation of the questions was
reduced, and the reliability of the responses was increased. In addition, collecting data
using a questionnaire structured in this way allows the respondents to use linguistic value
scales when assessing the criteria and strategies. These value scales allow for more flexible
assessment compared to classic numerical ratings and are more suitable when qualitative
criteria are used.

After the questionnaire is developed, it is necessary to determine which rating scales
will be used to assess the importance of the criteria and to evaluate the strategies. To
determine the importance of the criteria, a scale from very unimportant to very important
will be used (Table 3). A total of seven linguistic values will be used to assess these criteria.
When determining if strategies meet the set goals, the value scale ranges from very bad to
very good (Table 3). This value harmony is defined through seven linguistic values.

Table 3. Value scale for evaluating criteria, strategies, and membership functions.

Value Scale for Criteria Value Scale for Strategy Membership Function

Very unimportant (vui) Very bad (vba) 1, 2, 3
Unimportant (uni) Bad (bad) 2, 3, 4

Medium unimportant (mui) Medium bad (mba) 3, 4, 5
Medium (med) Medium (med) 4, 5, 6

Medium important (mim) Medium good (mgo) 5, 6, 7
Important (imp) Good (goo) 6, 7, 8

Very important (vim) Very good (vgo) 7, 8, 9

To use these linguistic scales to determine the weight of the criteria and the rank order
of the strategies, it is necessary to define the membership function. Since a fuzzy approach
will be used in this research, the membership function is defined so that all values increase
symmetrically by one. In addition, the first fuzzy number is smaller than the second by
one, while the third fuzzy number is larger than the second by one. The fuzzy numbers
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themselves are symmetrically larger or smaller than the previous relation to the following
number. In this way, the membership function of a fuzzy number is symmetrically formed.

3.3. Conducting the Research

The research for this paper was conducted in the Brčko District of BiH. When selecting
respondents, it was assumed that only one household member would complete the ques-
tionnaire to maximize the number of households reached. A total of 202 residents of the
Brčko District of BiH completed the survey questionnaire. Because this research aimed to
obtain preliminary household opinions, the number of households covered was sufficient.
The demographic characteristics of the respondents are presented in Table 4.

Table 4. Demographic characteristics of respondents.

Demographic Variables Frequency Percentage

Gender of respondent: Male 76 37.6
Female 126 62.4

School preparation:
high school 48 23.8

bachelor’s degree 120 59.4
master’s degree or doctorate 34 16.8

Number of members in
the household:

1–2 42 20.8
3–4 114 56.4

5 and above 46 22.8

Age of respondents:
up to 30th 26 12.9

31–50 128 63.4
50 and above 48 23.7

Based on the respondents’ demographic characteristics, it can be concluded that
women were overrepresented and that the largest group was those with higher or university
degrees. The most included respondents have 3 or 4 household members, and the most
represented age group is 31–50 years. Although the demographic characteristics of the
respondents showed a higher representation of female respondents, it should be noted that
the role of the female population is greater in household and waste management tasks.
Accordingly, the aggregate results from these surveys will reflect actual decision-making
regarding municipal waste management.

3.4. Conducting Multi-Criteria Analysis

After respondents provide their data, it is processed and prepared for analysis. In this
study, the SiWeC method will be used to determine the importance of the criteria. At the
same time, the ranking of the selected strategies will be performed using a combination
of three methods: TOPSIS, ARAS, and SAW. These methods were selected based on
the following:

- These three methods are among the basic MCMD methods and serve as the foundation
for developing new MCDM methods and approaches.

- They are commonly used in practice, and their results are generally consistent with
those of other MCDM approaches.

- They use different normalization techniques, so applying these three methods elimi-
nates the influence of normalization in decision-making.

- Implementing these methods allows for a comparative analysis of the results, leading
to more reliable decisions.

The SiWeC method was used in this study for several reasons. First, because the
criteria’s importance is calculated by weighting, this method, unlike others, applies nor-
malization as the first step, reducing all collected data to uniform values [42]. This method
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also emphasizes the importance of expert ratings, as it is preferable for ratings to be more
diverse than uniform, since specific criteria were given priority [43]. Finally, this method
can easily include a large number of experts, which is important for this study.

Three ranking strategies were selected to eliminate the influence of normalization on
the final ranking. When using MCDM methods for ranking alternatives, normalization
can significantly affect results by narrowing or expanding the data, thereby giving greater
weight to the highest values. In addition, the TOPSIS method is the most widely used
in MCDM analysis and therefore plays a significant role in these analyses [44]. The SAW
method is the simplest MCDM method for ranking alternatives, relying solely on data
weighting and normalization. In addition, this method provides rankings similar to those
of more complex methods, which gives it some importance, especially when conducting
comparative analyses of results across different MCDM methods. The ARAS method,
unlike the SAW method, requires an additional step [45], but it remains straightforward
to use. All three methods use different normalizations, so the impact of normalization on
strategy ranking will be examined.

The fuzzy SiWeC method was initially implemented by the author [46]. Compared to
traditional methods for determining criterion weights, such as AHP or BMW, the fuzzy
SiWeC method allows for the direct incorporation of respondents’ uncertainty and subjec-
tivity through symmetric fuzzy sets. This reduces pressure on respondents when rating
the importance of criteria, as they do not have to compare criteria or determine rankings;
instead, they directly assess the importance of each criterion, resulting in a more realistic
representation of human decision-making in complex situations. The steps of this method
are as follows:

Step 1. Evaluation of the importance of the criteria using the values from Table 3
Step 2. Formation of fuzzy matrices, where individual linguistic values are trans-

formed into fuzzy numbers. In this research, triangular fuzzy numbers (xl
ij, xm

ij , xu
ij) will

be applied.
Step 3. Normalization of the fuzzy matrix

∼
nij =

xl
ij

max xu
ij

,
xm

ij

max xu
ij

,
xu

ij

max xu
ij

, (1)

where max xu
ij is the maximum value of the fuzzy number for all values of the fuzzy

decision matrix.
Step 4. Determining the importance of expert ratings. This determination is made

using the standard deviation. The standard deviation in this method emphasizes the
importance of the assessment and the criteria. A larger standard deviation indicates greater
variation in the evaluations, while a smaller value indicates greater consensus in the ratings.
In this way, it allows for a more objective determination of the weights. Its application also
gives preference to examiners with greater dispersion in their answers, thereby serving as a
measure of dispersion.

Step 5. Weighting. In this step, the normalized values are multiplied by the
standard deviation.

∼
v ij =

∼
nij × st.devj, (2)

Step 6. Forming the aggregate value of the weights.

∼
s j = ∑n

j=1
∼
v j, (3)
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Step 7. Determination of criteria weights.

∼
wj =

sl
j

∑n
j=1 su

j
,

sm
j

∑n
j=1 sm

j
,

su
j

∑n
j=1 sl

j
, (4)

The steps for implementing the TOPSIS method were originally defined by Hwang &
Yoon [47], and later, a fuzzy set approach was developed. The TOPSIS method is based
on the concept of distance from ideal and anti-ideal solutions. The optimal alternative is
the one closest to the optimal solution and farthest from the anti-ideal solution. Applying
the fuzzy TOPSIS method in this research enables the processing of imprecise information
represented by linguistic values. This is especially important when subjective judgment is
incorporated into the final decision. Due to these specificities and the TOPSIS method’s
logic, it is often used as a reference method in MCDM research. The steps of this approach
are as follows:

Step 1. Evaluation of alternatives and formation of a decision matrix using linguistic values.
Step 2. Transformation of the decision matrix into fuzzy numbers.
Step 3. Normalization.

∼
nij =

xl
ij√

∑n
i=1 xu

ij
2

,
xm

ij√
∑n

i=1 xu
ij

2
,

xu
ij√

∑n
i=1 xu

ij
2

, (5)

Step 4. Weighting process.
∼
v ij =

∼
nij·

∼
wij, (6)

Step 5. Ideal and anti-ideal alternatives calculation.

A+ =
{∼

v
+

1 ,
∼
v
+

2 , . . .
∼
v
+

n

}
=

{(
maxxi

∼
v ij j ∈ J1

)
,
(

minxi
∼
v ij j ∈ J2

)}
, (7)

A− =
{∼

v
−
1 ,

∼
v
−
2 , . . .

∼
v
−
n

}
=

{(
minxi

∼
v ij j ∈ J1

)
,
(

maxxi
∼
v ij j ∈ J2

)}
, (8)

Step 6. Calculation of deviations from ideal and anti-ideal alternatives.

S+
i =

√
∑n

j=1

(∼
v ij −

∼
v
+

j

)2
, (9)

S−
i =

√
∑n

j=1

(∼
v ij −

∼
v
−
j

)2
, (10)

Step 7. Relative closeness and ranking.

Ci =
S−

i
S−

i + S+
i

, (11)

The ARAS method was developed by Zavadskas and Turskis [48], and later, a fuzzy
set-based approach was developed. This method compares each alternative with a reference
alternative, which is also the optimal alternative. Each alternative is compared with this,
and the closeness of each to it is determined. The closer the alternative is to the optimal one,
the better it meets the ranking objectives. The advantage of this method is its simplicity,
transparency, and use of percentage normalization. This allows for a direct comparison of
each alternative with the optimal one. The steps of this method are as follows:

Step 1. Evaluation of alternatives and formation of a decision matrix using linguistic values.
Step 2. Transformation of the decision matrix into fuzzy numbers.
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Step 3. Normalization.

∼
r ij =

xl
ij

∑m
i=1 xu

ij
,

xm
ij

∑m
i=1 xu

ij
,

xu
ij

∑m
i=1 xu

ij
, (12)

Step 4. Formation of the optimal alternative.

S0j = maxi

(
rl

ij, rm
ij , ru

ij

)
, (13)

Step 5. Weighting. In this step, the normalized values are multiplied by the corre-
sponding criteria weight.

∼
v ij =

∼
nij ×

∼
wj, (14)

Step 6. Calculating overall performance.

∼
Sij = ∑n

j=1
∼
v ij, (15)

Step 7. Defuzzification.

Sde f ij =

∼
S

l

ij + 4
∼
S

m

ij +
∼
S

u

ij

6
, (16)

Step 8. Calculation of the degree of utility.

Qi =
Si
S0

, (17)

The SAW method was developed and defined by Harsanyi [49] and has since been
used in numerous papers. This method is the oldest and simplest MCDM method. It is
based on a simple summation of normalized weighted data for alternatives. Thus, the
classic SAW method has three steps: normalization, weighting, and ranking. Despite this,
the method provides reliable, stable results. Its contribution is when alternatives can be
directly aggregated. This research provides additional verification of the consistency of
strategy rankings and enables comparison with results from more complex, sophisticated
methods. The steps of this method for a fuzzy set are:

Step 1. Evaluation of alternatives and formation of a decision matrix using linguistic values.
Step 2. Transformation of the decision matrix into fuzzy numbers.
Step 3. Normalization.

∼
nij =

xl
ij

max xu
ij

,
xm

ij

max xu
ij

,
xu

ij

max xu
ij

, (18)

where max xu
ij is the maximum value of the fuzzy number for each criterion.

Step 4. Weighting.
∼
v ij =

∼
nij·

∼
wij, (19)

Step 5. Calculation of overall performance.

∼
Sij = ∑n

j=1
∼
v ij, (20)

Step 6. Defuzzification.

Sde f i =

∼
S

l

ij + 4
∼
S

m

ij +
∼
S

u

ij

6
, (21)
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Based on the steps of these methods, it is evident that the first two steps are the same
for all three methods, after which each method applies a different normalization. In this
way, these methods incorporate the impact of normalization on strategy ranking.

4. Results
To determine which municipal waste management strategy would give the best results

for the population of the Brčko District of Bosnia and Herzegovina, it is necessary to first
assess the relative importance of the criteria. The importance of the criteria is determined
using the fuzzy SiWeC method. Since this method has already been used in many studies,
the importance of the criteria will be explained descriptively. The respondents first evaluate
the importance of the criteria. The respondents assess the importance of the criteria by
assigning appropriate linguistic values (Table 5).

Table 5. Evaluation of the importance of the criteria by respondents.

Cr.1. Cr.2. Cr.3. Cr.4. Cr.5. Cr.6. Cr.7. Cr.8. Cr.9. Cr.10.

R1 vim imp imp imp vim imp imp imp mim mim
R2 vim vim vim vim imp imp vim vim imp vim
R3 vim vim vim vim vim vim vim vim vim vim
R4 mui mui mui mui mui mui mui mui mui mui
R5 med mui mui med med med med mui med med
R6 mui uni mui mui uni mui mui mui uni uni
R7 mui mui med med med med med uni mui mui
R8 med mui mui uni mui mui mui mui mui mui
R9 mim mim mim mim mui vui med med med med
R10 vim vim vim vim vim vim vim vim vim vim

...
...

...
...

...
...

...
...

...
...

...
R200 vim med mui mim vim mim med med vim mui
R201 vim imp imp mim imp imp vim mim mim med
R202 vim imp mim mim imp imp med mim imp imp

When forming a linguistic decision matrix for the criteria, the transformation into
fuzzy numbers is first performed by applying the membership function defined in Table 3.
Then, the normalization of this fuzzy decision matrix is performed (Equation (1)). In this
step of the fuzzy SiWeC method, all fuzzy numbers are divided by the value 9 because
this is the largest value of fuzzy numbers. Afterward, the importance of the respondents’
ratings is assessed by calculating the standard deviation of their normalized ratings. Then,
weighting is performed (Equation (2)) where the normalized values of fuzzy numbers
are multiplied by the corresponding standard deviation value. Then, the weights of the
aggregate values of the criteria are added (Equation (3)), and finally, the importance of the
criteria is calculated by summing their weights (Equation (4)). The results of applying the
steps of the fuzzy SiWeC method based on the respondents’ ratings (Table 6) show that the
greatest importance was given to criterion Cr.1.—Efficiency of waste reduction, followed
by criterion Cr.7.—Sustainable long-term effect, while the least importance was given to
criterion Cr.10.—Flexibility in terms of strategy implementation.

Since the criteria weights have been determined, it is now possible to calculate which
municipal waste management strategy produced the best results, according to respondents.
The first step in ranking these strategies is to evaluate them according to respondents’
ratings. They were tasked with evaluating each strategy using linguistic values for the
selected criteria (Table 7).
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Table 6. Results of criterion importance using the fuzzy SiWeC.

Cr.1. Cr.2. Cr.3. Cr.4. Cr.5.

sj 8.57, 10.03, 11.49 7.42, 8.88, 10.34 7.56, 9.02, 10.48 7.46, 8.92, 10.37 7.66, 9.12, 10.58

wj 0.08, 0.11, 0.15 0.07, 0.10, 0.13 0.07, 0.10, 0.14 0.07, 0.10, 0.13 0.07, 0.10, 0.14

Cr.6. Cr.7. Cr.8. Cr.9. Cr.10.

sj 8.13, 9.59, 11.05 8.26, 9.72, 11.18 7.67, 9.13, 10.58 7.37, 8.83, 10.29 7.36, 8.81, 10.27

wj 0.08, 0.10, 0.14 0.08, 0.11, 0.14 0.07, 0.10, 0.14 0.07, 0.10, 0.13 0.07, 0.10, 0.13

Table 7. Evaluation of strategies using linguistic values.

R1 Cr.1. Cr.2. Cr.3. Cr.4. Cr.5. Cr.6. Cr.7. Cr.8. Cr.9. Cr.10.

ST1 mgo mgo goo goo goo vgo vgo goo goo vgo
ST2 vgo vgo goo goo goo goo mgo goo goo goo
ST3 vgo goo goo vgo goo goo vgo vgo goo vgo
ST4 vgo vgo vgo goo goo goo vgo vgo vgo vgo
ST5 vgo vgo vgo vgo vgo goo goo vgo vgo vgo
ST6 vgo goo vgo vgo vgo vgo goo vgo vgo goo

...
...

...
...

...
...

...
...

...
...

...

R202 Cr.1. Cr.2. Cr.3. Cr.4. Cr.5. Cr.6. Cr.7. Cr.8. Cr.9. Cr.10.

ST1 vgo goo goo med med mgo goo med mba mba
ST2 goo mgo goo vgo vgo goo mba med mba mba
ST3 vgo goo vgo vgo goo goo goo mgo mgo goo
ST4 goo mgo vgo goo med goo med goo goo vgo
ST5 mgo med mba goo goo mgo goo goo mgo mgo
ST6 mgo med med goo goo vgo vgo goo vgo goo

...
...

...
...

...
...

...
...

...
...

...

After the respondents have evaluated all strategies, fuzzy numbers are generated
using the defined membership functions (Table 3). Then, a summary decision matrix is
formed by averaging the fuzzy numbers, with equal weight assigned to each respondent
in determining strategies. The next step is normalization. For criteria Cr.1. and ST1,
normalization is calculated as:

Normalization for fuzzy TOPSIS:

n11 =
5.57√

7.572 + 7.172 + 7.832 + 7.632 + 7.452 + 7.582
= 0.30;

6.57
18.47

= 0.36;
7.57

18.47
= 0.41

Normalization for fuzzy ARAS:

n11 =
5.57

7.57 + 7.17 + 7.83 + 7.63 + 7.45 + 7.58 + 7.83
= 0.11;

6.57
53.07

= 0.12;
7.57

53.07
= 0.14

Normalization for fuzzy SAW:

n11 =
5.57
7.83

= 0.71;
6.57
7.83

= 0.84;
7.57
7.83

= 0.97

After the normalization values are calculated in the fuzzy ARAS method, the optimal
alternative is selected as the one with the highest value. Weighting is then applied across
all methods used. After the weighted data values are obtained in the fuzzy TOPSIS method,
the deviations from the ideal and anti-ideal values are calculated (Equations (9) and (10)). In
contrast, in the fuzzy ARAS and fuzzy SAW methods, the overall performance is calculated
(Equations (15) and (20)). After that, the relative closeness value is calculated in the method,
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and the alternatives are ranked (Equation (11)). In the fuzzy ARAS and SAW methods,
defuzzification is performed (Equations (16) and (21)); in the fuzzy ARAS method, the
degree of utility is calculated (Equation (17)), and the strategies are ranked; in the fuzzy
SAW method, after defuzzification, the strategies are ranked. The results of the three
fuzzy methods implemented (Table 8) indicate that Strategy 3 (Packaging return machines)
receives the highest ratings from respondents, followed by Strategy 5 (Reuse and exchange).
At the same time, Strategy 2 (Pay as you throw) is the worst-ranked strategy. With these
fuzzy methods, the rankings differ across TOPSIS, ARAS, and SAW. This is because when
ranking strategies ST1 and ST5, the results differ very little; therefore, the difference is due
to the complexity of implementing the fuzzy TOPSIS method.

Table 8. Results of ranking strategies.

ST
Fuzzy TOPSIS Fuzzy ARAS Fuzzy SAW

Ci Rank Qi Rank Sdefi Rank

ST1 0.4930 4 0.9569 5 0.8566 5
ST2 0.4914 6 0.9215 6 0.8244 6
ST3 0.4947 1 0.9994 1 0.8953 1
ST4 0.4929 5 0.9572 4 0.8570 4
ST5 0.4932 2 0.9638 2 0.8629 2
ST6 0.4931 3 0.9619 3 0.8612 3

Having determined which strategy is best for reducing household waste, we will now
assess whether ratings differ across respondent groups. When comparing responses across
genders, apparent differences emerged (Table 9). This was also evident in Spearman’s
correlation coefficient, which indicated a significant difference between the fuzzy TOPIS
and ARAS methods (r = 0.257; p = 0.658), whereas the rank-order correlation with the
fuzzy SAW method showed a somewhat smaller difference (r = 0.387; p = 0.497). The
largest difference is with Strategy 2—Pay as you throw. Male respondents ranked this
strategy second, while female respondents ranked it sixth. Differences also exist among
other strategies. Only Strategy 3—Packaging return machines had the same rank order and
was the best among these two categories of respondents. Based on this, it was shown that
the choice of the best strategy does not depend on respondents’ gender; however, opinions
differ regarding the application of other strategies for municipal waste management.

Table 9. Results of rank orders in relation to the gender of respondents.

ST
TOPSIS ARAS SAW

Male Female Male Female Male Female

ST1 6 4 6 4 6 4
ST2 2 6 2 6 2 6
ST3 1 1 1 1 1 1
ST4 4 5 4 5 5 5
ST5 3 2 3 2 3 2
ST6 5 3 5 3 4 3

Examining respondents’ educational levels, the results also show a significant dif-
ference between the groups (Table 10). The most significant difference in the rankings is
between respondents with a high school education and those with a master’s or doctorate
(r = 0.257; p = 0.658). The difference between respondents with a secondary education and
those with a bachelor’s degree is smaller (r = 0.371; p = 0.497). The smallest difference
is between respondents with a bachelor’s degree and those with a master’s or doctorate
(r = 0.771; p = 0.103), but it remains statistically significant. The most considerable dif-
ference between these respondents is with Strategy 1—Separate collection and recycling.
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Among respondents with a high school education, this strategy was ranked lowest, whereas
among those with a bachelor’s, master’s, or doctoral degree, it ranked second.

Table 10. Ranking results in relation to schooling.

ST
TOPSIS ARAS SAW

HS BA MA/PhD HS BA MA/PhD HS BA MA/PhD

ST1 6 2 2 6 2 2 6 2 2
ST2 5 6 6 5 6 6 5 6 6
ST3 1 1 1 1 1 1 1 1 1
ST4 4 5 3 4 5 3 4 5 3
ST5 3 3 5 3 3 5 3 3 5
ST6 2 4 4 2 4 4 2 4 4

The results for the number of household members first showed a difference be-
tween the rank order of the observed fuzzy methods and the number of household mem-
bers with 1 or 2 members, but this difference was slight and not statistically significant
(r = 0.943; p = 0.017). However, there is a significant difference between the observed
number of household members. The most significant difference in rank orders occurs
when respondents are grouped by household size. Thus, the most significant difference
when observing the results of the fuzzy TOPSIS method is between respondents with
1–2 members in the household and respondents with five or more members in the house-
hold (r = 0.486; p = 0.356), while the same difference is observed between respondents
with 3–4 members in the household and respondents with five or more members in the
household. The same difference is observed in the fuzzy ARAS and SAW methods for
respondents with 3–4 and 5 or more household members. There is a smaller difference
between respondents with 1–2 members in the household and those with 3–4 members in
the household (r = 0.771; p = 0.103), and this is also the case for the results obtained using
the fuzzy ARAS and SAW methods. All other relationships also showed a statistically
significant difference between the observed groups of respondents. When looking at the
ranking of strategies, the most significant difference is with Strategy 1—Separate collection
and recycling: it ranked fourth among respondents with 1–2 members, and fifth among
respondents with 3–4 members. For respondents with five or more household members, it
was second. For Strategy 5—Reuse and exchange, it was ranked second among respondents
with 1–2 and 3–4 household members, while respondents with five or more household
members ranked it fifth (Table 11).

Table 11. Ranking results in relation to the number of household members.

ST
TOPSIS ARAS SAW

1–2 3–4 5 and More 1–2 3–4 5 and More 1–2 3–4 5 and More

ST1 4 5 2 3 5 2 3 5 2
ST2 6 6 6 6 6 6 6 6 6
ST3 1 1 1 1 1 1 1 1 1
ST4 3 4 4 4 4 4 4 4 4
ST5 2 2 5 2 2 5 2 2 5
ST6 5 3 3 5 3 3 5 3 3

The results for respondents’ age showed a difference in the rank orders of the fuzzy
methods used, specifically between fuzzy TOPSIS and the fuzzy ARAS and SAW methods.
A difference in rank order was observed among respondents aged 30 or younger, but it
was not statistically significant (r = 0.943; p = 0.017). When looking at the mutual rank
orders across the observed groups of respondents, it was found that the largest group is

https://doi.org/10.3390/sym18030428

https://doi.org/10.3390/sym18030428


Symmetry 2026, 18, 428 17 of 24

between 31 and 50 years old, and the second-largest is among respondents aged 50 or older
(r = 0.143; p = 0.803). Additionally, there is a statistically significant difference among all
observed groups. These results showed that the most significant change was in the rank
order of Strategy 4—Waste separation for composting, and that a significant difference in
rank order is also present for Strategy 6—Reducing single-use packaging (Table 12).

Table 12. Results of rank orders in relation to age.

ST
TOPSIS ARAS SAW

<30 31–50 >50 <30 31–50 >50 <30 31–50 >50

ST1 4 5 3 4 5 3 4 5 3
ST2 6 6 4 5 6 4 5 6 4
ST3 1 1 1 1 1 1 1 1 1
ST4 2 3 6 2 3 6 2 3 6
ST5 3 4 2 3 4 2 3 4 2
ST6 5 2 5 6 2 5 6 2 5

When summarizing the results across the observed groups of respondents, it can
be concluded that all groups of respondents decided that Strategy 3—Packaging return
machines would achieve the best results in reducing household municipal waste.

5. Discussion
The world’s growing population generates large amounts of waste, a major environ-

mental problem. Various activities are underway to address this problem. Albizzati et al. [5]
view the application of the CE principles as a solution to this problem. However, imple-
menting these principles requires encouraging households to generate less municipal waste
or to separate waste for recycling or reuse. This research examined which strategy would
best reduce household waste. To examine this, households from the Brčko District of
BiH were included. This local community is a separate administrative unit in BiH with
special status, distinct from the other communities. Therefore, this local community is a
good sample for examining how households in developing countries think, as BiH is a
developing country. What characterizes these countries is that the CE principles are less
well implemented [50].

To increase household awareness in developing countries, it is necessary to imple-
ment strategic management with targeted strategies [51]. In practice, many strategies
affect households and help reduce the amount of waste they generate, which ends up in
landfills. This research includes six strategies that could help households generate less
municipal waste. The purpose of this research was to obtain households’ opinions on
which strategy would give the best results in practice. To do this, a survey was conducted
among 202 households in the Brčko District. This was done because the aim was to include
only one household member in the research. That member then rated these strategies
for their household. Thus, with fewer respondents, a larger proportion of the population
in the Brčko District of BiH was included. Because the respondents are from different
demographic groups, this research also examined how each group rated the strategies.

Given the complexity of this research, the MCDM methodology was used. These
methods are used to assess the importance of criteria and to rank alternatives [52]. Usually,
assessments of criterion importance and alternative rankings are collected from fewer
respondents because expert opinion is often used in these methods [53]. In contrast, this
research included a larger number of respondents and used a more complex analysis owing
to the additional ratings. Since respondents’ ratings were expressed as linguistic values, a
fuzzy set was used to represent them. In this study, 10 criteria were used to evaluate the six
strategies. The fuzzy SiWeC method was chosen to determine the weights of these criteria.
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This method has shown good results in practice to date, is easy to use, and allows easy
assessment of criteria [54]. Due to these characteristics, this method was chosen because it
made it easier for respondents to assess the importance of the criteria. The results of this
approach, based on respondents’ ratings and the steps of the fuzzy SiWeC method, showed
that the most important criteria for respondents are the efficiency of waste reduction and
a sustainable, long-term effect. It is logical to expect that the observed strategies would
be effective in reducing waste. For this reason, the criterion of waste-reduction efficiency
was prioritized over other criteria. The criterion of sustainable long-term effects was
ranked second in importance. This is because each strategy should have long-term effects,
especially in terms of sustainability. Sustainability is of great importance in theory and
practice because sustainable practices preserve resources for future generations [55] and
protect the environment.

Three methods were used to determine which strategy would give the best results in
practice. The fuzzy TOPSIS method was chosen because it is widely used in practice and
has shown promising results [56]. The fuzzy ARAS method is a simple MCDM method
that uses percentage normalization, which is why it was chosen for this study. The fuzzy
SAW method is one of the oldest MCDM methods [57], is the most straightforward, and
produces results that do not deviate from those of more complex MCDM methods. These
three methods were also selected to eliminate the effects of normalization on alternative
ranking. When implementing the study’s methodology, a ranking was first generated for
all respondents, followed by rankings for individual demographic groups. In the overall
ranking, Strategy 3—Packaging return machines achieved the best results, and it was
ranked first across all demographic groups observed. One reason this strategy was ranked
best is that it allows households to earn a fee for separating and recycling waste. When
packaging is inserted into these machines, individuals are compensated monetarily. For
example, under Strategy 1—Separate collection and recycling, households do not receive
money; instead, they sort waste out of goodwill. Therefore, a fee is necessary for other
strategies to achieve better results in practice.

Furthermore, when examining results across specific demographic groups, the rank-
ings of the other five strategies differ significantly. The Spearman correlation coefficient
values showed this. When observing the relationship by gender, it was shown that, re-
garding Strategy 2—Pay as you throw, male respondents believed that it would give the
second-best results, and female respondents believed that it would give the worst results.
Based on this, it can be concluded that male respondents believe that if they are forced
to pay more if they have more municipal waste, it will influence them to reduce that
waste, and on the other hand, female respondents believe that it will not have much of
an impact on the amount of waste, but only on the increase in municipal waste collection
costs. Furthermore, this difference is attributable to gender roles within the household, in
which women are more likely to make decisions regarding waste management. In contrast,
men are more likely to evaluate these strategies in terms of technical and organizational
efficiency. These results indicate that implementing these strategies must also be adjusted
by gender. Looking further into these results, they were somewhat in agreement with those
for Strategies 4—Waste separation for composting and 5—Reuse and exchange, but there
was still a small difference in their rankings.

Looking at the results by respondents’ educational level, the most significant dif-
ferences are for Strategy 1—Separate collection and recycling. Respondents with higher
education believe this Strategy would give good results, while respondents with secondary
education think it would be the worst. Based on this, it can be concluded that respondents
with higher levels of education are more likely to separate their municipal waste, thereby
reducing total waste. In contrast, respondents with secondary education believe that it
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would only take up their time and that, in essence, the amount of waste would remain the
same, only they would have to do more work with it. The results for other strategies differ,
but not to the same extent as those for Strategy 1.

When looking at the number of household members of the respondents, it can be seen
that two strategies have significantly different ranking orders, namely Strategy 1—Separate
collection and recycling, and Strategy 5—Reuse and exchange. Looking at Strategy 1,
respondents who have 5 or more members in the household believe that this Strategy
would have good effects in reducing waste, while respondents who have 1–2 members
believe that it would have fewer effects, and respondents who have 3–4 members in the
household believe that this Strategy would have the second-worst effects. This is because
it would be easier to divide the work when there are more household members, each
collecting waste separately for recycling. However, looking at the answers of respondents
with 3–4 household members, the question arises: can one member have such a decisive
influence on whether the household separates this waste? When looking at Strategy 5,
respondents with 1–2 and 3–4 household members agreed that it would have positive effects
and ranked it second. In comparison, respondents with 5 or more members assessed that
this Strategy would give the second-worst results. This may be because, as the household
grows, members share goods more frequently and no longer see the need to reuse them.

All respondents agreed that, based on household size, Strategy 2—Pay as you throw
would produce the worst results in reducing waste. Respondents with a high school
education also confirmed this. The only difference is that those with a high school education
said this strategy would have the second-worst results. In this way, these two demographic
groups agree that differentiating waste-collection prices by municipal waste volume would
not achieve the desired outcome, because those who generate more waste would be willing
to pay more to dispose of it. Respondents did not agree on this by age. Those aged
31–50 agree that this Strategy would produce the worst results, but the other two groups
of respondents believe the other strategies would produce worse results. Among these
groups of respondents, this group is the most inconsistent, with the greatest variation in
rankings. For example, for Strategy 4—Waste separation for composting, respondents over
50 years old believe it would give the worst results, while respondents under 30 years
old believe it is Strategy 6—Reduction of single-use packaging that would give the worst
results. Based on these results, it can be concluded that demographic groups can influence
strategy choice.

5.1. Research Implications

The way this research was conducted and the results obtained indicate that it has
significant implications for practice and theory. This research first showed that to reduce
municipal waste, we should encourage households by charging a fee for separating garbage
for recycling. The main incentive for reducing waste is the additional income households
can earn from municipal waste, or, better yet, the money they can save. Therefore, to
achieve better results, we should introduce a fee. For example, with Strategy 6—reducing
disposable packaging, the incentive could be that you get a more affordable product if you
use reusable packaging. For example, installing vending machines for certain products
that households would use their own packaging for, so they could get those products at
a lower price. The next implication of this research is that strategies must be tailored to
specific respondent groups. It is not possible to apply the same strategies to the entire
population; instead, they should be adapted to a specific demographic group. In addition,
the promotion of a particular strategy should be tailored to the target demographic to
improve its acceptance. This research also had implications for the development of MCDM
methodology, as it demonstrated that these methods can be applied to larger samples and
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integrated with other statistical analyses, as shown in this study by using Spearman’s rank
correlation coefficient. In this way, MCDM methods can be applied to research involving
much larger numbers of respondents, but software solutions should be developed to
support their use. With a larger number of respondents, more data processing is required,
which also increases the complexity of obtaining research results.

5.2. Managerial Implications

The results of this research imply significant managerial insights for decision-makers,
especially for utility companies and local authorities. First, this research showed that
respondents believe strategy 3 would produce the best results, indicating the need to
provide financial incentives to encourage the population to reduce municipal waste actively
and to apply the principles of the circular economy as widely as possible. Managers of
utility companies should therefore integrate environmental goals with direct benefits for the
local population. To achieve the desired outcomes, it is necessary to address the motivation
of all participants and stakeholders. Only in this way can the goals be realized. In addition,
the results of this research showed that there is no universal strategy that suits everyone
and gives optimal results. Therefore, it is necessary to adapt strategies to target groups,
and the most effective approach is to combine them. Managers of utility companies or local
authorities must therefore adapt their strategies to specific target groups. Some strategies
have greater effects on certain demographic categories, whereas others have smaller effects.
Therefore, it is necessary to use diverse strategies and implement incentive measures to
ensure they are as widely accepted in practice as possible. For efficient municipal waste
management, it is necessary to integrate technical, economic, social, and other dimensions,
and to communicate with the population and influence their perceptions through education
to increase the acceptance and long-term sustainability of a particular strategy.

5.3. Research Limitations

This research has identified limitations that should be addressed in future research.
First, the number of respondents can be increased to include individuals without prior
knowledge of the field, making ratings more uniform and less likely to favor any particular
alternative. When using MCDM methods, it is necessary to ensure that individuals with
prior knowledge of the relevant field are included. In addition, the selection of criteria and
alternatives itself shows certain limitations in this research. In this study, qualitative criteria
were somewhat more complex; as a result, some respondents did not fully understand the
criteria and strategies. Although each criterion and strategy was explained, it was necessary
to simplify them to make them more transparent to all respondents. This is problematic
when a larger number of respondents is involved, so it is necessary to account for their prior
knowledge of the field. Therefore, such research should be conducted alongside simpler
research to reduce its limitations. To obtain even more reliable results, it is necessary to
increase the number of respondents, as more respondents provide the information needed
to choose suitable municipal waste management strategies. Therefore, the number of
respondents is a limitation of this research; however, it is sometimes not possible to include
more participants because respondents are not interested in the research. In such cases,
they may need to be compensated to increase their motivation to participate.

5.4. Future Research Guidelines

This research provided a conceptual application of MCDM methods for larger numbers
of respondents. Based on this, guidelines were provided for future research on how this type
of research could be applied to other areas and to other problems encountered in practice. The
application of the fuzzy SiWeC method demonstrated strong performance and showed that the
criteria weights can be readily determined when there are more respondents. Therefore, this
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method should be used in future research when it is necessary to quickly and easily determine
criterion weights. The application of the fuzzy TOPSIS, ARAS, and SAW methods has shown
that different MCDM methods can be used when ranking alternatives. Before applying these
methods, it is sufficient to methodologically reduce a larger number of individual decision
matrices into a summary decision matrix. The methodology for this has been successfully
presented in this study and can be further developed in future research. Based on this, it
is possible to use other MCDM methods in future research, provided that this or a similar
methodology is used to obtain a summary decision table.

6. Conclusions
This research aimed to address municipal waste management and help households

reduce the waste they generate. In this regard, six municipal waste management strategies
were considered, each evaluated against ten criteria. To determine which of the selected
strategies would give the best results, households in the Brčko District of BiH were included.
A total of 202 respondents were included. Respondents’ ratings were incorporated using a
fuzzy set with symmetric fuzzy number membership functions. In addition, fuzzy SiWeC
methods were used to assess the importance of the criteria, and fuzzy TOPSIS, ARAS, and
SAW methods were used to identify which of the observed strategies would give the best
results in practice.

The results of this research showed that the most important factor is the strategy’s effi-
ciency in achieving the desired results. In addition, it was shown that Strategy 3—Packaging
return machines—produced the best results. Therefore, in the Brčko District, in cooperation
with the Komunalno Company, it is necessary to install as many of these packaging return
machines as possible. These machines collect various types of packaging for recycling or
reuse, thereby reducing the total amount of household waste. This strategy was rated the
best by respondents because these machines can generate additional household income
and reduce household waste. It should be noted that, in this study, the evaluation of
strategies was limited to waste reduction, and a cost–benefit analysis was not conducted.
However, all strategies were selected because their implementation requires low execution
costs. To incorporate this analysis, a new study should be conducted based exclusively
on it to obtain additional information and to help reduce household waste. This research
shows that reducing household waste also requires motivation to adopt specific strategies.
However, to achieve optimal results, applying a single strategy is insufficient; multiple
strategies are required to achieve synergistic effects. The results of this research can be
applied to other local communities in BiH, as the selected sample from the Brčko District
effectively reflects the policy on municipal waste management in BiH.

The results show that the methods used can give different outcomes, especially with
the fuzzy TOPSIS method. This method showed a possible deviation in the ranking order of
strategies. This is due to the specific steps the fuzzy TOPSIS method uses, which distinguish
it from other methods. In addition, this research showed that normalization did not affect
the ranking of strategies, as the rankings were similar and, in some cases, identical across
the fuzzy ARAS and SAW methods. It should be noted that belonging to demographic
groups plays an important role in determining which strategy to apply. Therefore, it is
necessary to implement targeted strategies to achieve optimal outcomes in municipal waste
management. This is because there are significant statistical differences in the rankings of
waste management strategies across certain respondent demographic groups.
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14. Novarlić, B.; Krulec, J.; Arsić, T.; Sremac, S. Natural Hazards and Their Environmental Impact: Flood Risks in the Systemic
Management of Non-Hazardous Municipal Waste. Oppor. Chall. Sustain. 2024, 3, 96–107. [CrossRef]

15. Ibarra Vega, D.; Bautista-Rodriguez, S. The Impact of Circular Economy Strategies on Municipal Waste Management: A System
Dynamics Approach. Clean. Eng. Technol. 2024, 21, 100761. [CrossRef]

16. Adami, L.; Schiavon, M. From Circular Economy to Circular Ecology: A Review on the Solution of Environmental Problems
through Circular Waste Management Approaches. Sustainability 2021, 13, 925. [CrossRef]

17. Wikurendra, E.A.; Csonka, A.; Nagy, I.; Nurika, G. Urbanization and Benefit of Integration Circular Economy into Waste
Management in Indonesia: A Review. Circ. Econ. Sustain. 2024, 4, 1219–1248. [CrossRef]

18. Kurniawan, T.A.; Avtar, R.; Singh, D.; Xue, W.; Dzarfan Othman, M.H.; Hwang, G.H.; Iswanto, I.; Albadarin, A.B.; Kern, A.O.
Reforming MSWM in Sukunan (Yogjakarta, Indonesia): A case-study of applying a zero-waste approach based on circular
economy paradigm. J. Clean. Prod. 2021, 284, 124775. [CrossRef]

19. Szpilko, D.; de la Torre Gallegos, A.; Jimenez Naharro, F.; Rzepka, A.; Remiszewska, A. Waste Management in the Smart City:
Current Practices and Future Directions. Resources 2023, 12, 115. [CrossRef]

20. Iqbal, A.; Liu, X.; Chen, G.-H. Municipal Solid Waste: Review of Best Practices in Application of Life Cycle Assessment and
Sustainable Management Techniques. Sci. Total Environ. 2020, 729, 138622. [CrossRef]

21. Zorpas, A.A. Strategy Development in the Framework of Waste Management. Sci. Total Environ. 2020, 716, 137088. [CrossRef]
22. Jerin, D.T.; Sara, H.H.; Radia, M.A.; Hema, P.S.; Hasan, S.; Urme, S.A.; Audia, C.; Hasan, M.T.; Quayyum, Z. An Overview of

Progress Towards Implementation of Solid Waste Management Policies in Dhaka, Bangladesh. Heliyon 2022, 8, e08918. [CrossRef]
23. Deme, G.G.; Ewusi-Mensah, D.; Olagbaju, O.A.; Okeke, E.S.; Okoye, C.O.; Odii, E.C.; Ejeromedoghene, O.; Igun, E.; Onyekwere,

J.O.; Oderinde, O.K.; et al. Macro problems from microplastics: Toward a sustainable policy framework for managing microplastic
waste in Africa. Sci. Total Environ. 2022, 804, 150170. [CrossRef]

24. Pheakdey, D.V.; Quan, N.V.; Khanh, T.D.; Xuan, T.D. Challenges and Priorities of Municipal Solid Waste Management in
Cambodia. Int. J. Environ. Res. Public Health 2022, 19, 8458. [CrossRef] [PubMed]

25. Shahnazari, A.; Rafiee, M.; Rohani, A.; Bhushan Nagar, B.; Ebrahiminik, M.A.; Aghkhani, M.H. Identification of effective factors
to select energy recovery technologies from municipal solid waste using multi-criteria decision making (MCDM): A review of
thermochemical technologies. Sustain. Energy Technol. Assess. 2020, 40, 100737. [CrossRef]

26. Zhou, G.; Gu, Y.; Yuan, H.; Gong, Y.; Wu, Y. Selecting sustainable technologies for disposal of municipal sewage sludge using a
multi-criterion decision-making method: A case study from China. Resour. Conserv. Recycl. 2020, 161, 104881. [CrossRef]

27. Asefi, H.; Zhang, Y.; Lim, S.; Maghrebi, M.; Shahparvari, S. A multi-criteria decision support framework for municipal solid waste
landfill siting: A case study of New South Wales (Australia). Environ. Monit. Assess. 2020, 192, 682. [CrossRef] [PubMed]

28. Mujtaba, M.A.; Munir, A.; Imran, S.; Nasir, M.K.; Muhayyuddin, M.G.; Javed, A.; Mehmood, A.; Habila, M.A.; Fayaz, H.; Qazi, A.
Evaluating sustainable municipal solid waste management scenarios: A multicriteria decision making approach. Heliyon 2024,
10, e25788. [CrossRef]

29. Van Thanh, N. Optimal Waste-to-Energy Strategy Assisted by Fuzzy MCDM Model for Sustainable Solid Waste Management.
Sustainability 2022, 14, 6565. [CrossRef]

30. Gaur, A.; Prakash, H.; Anand, K.; Kumar, G.; Hussain, A. Evaluation of municipal solid waste management scenarios using
multi-criteria decision making under fuzzy environment. Process Integr. Optim. Sustain. 2022, 6, 307–321. [CrossRef]

31. Omran, I.I.; Al-Saati, N.H.; Salman, A.A.; Hashim, K. A new framework for assessing the sustainability of municipal solid waste
treatment techniques applying multi-criteria decision analysis. Int. J. Environ. Sci. Technol. 2023, 20, 9683–9692. [CrossRef]

32. Bilgilioglu, S.S.; Gezgin, C.; Orhan, O.; Karakus, P. A GIS-based multi-criteria decision-making method for the selection of
potential municipal solid waste disposal sites in Mersin, Turkey. Environ. Sci. Pollut. Res. 2022, 29, 5313–5329. [CrossRef]

33. Eghtesadifard, M.; Afkhami, P.; Bazyar, A. An integrated approach to the selection of municipal solid waste landfills through GIS,
K-Means and multi-criteria decision analysis. Environ. Res. 2020, 185, 109348. [CrossRef] [PubMed]

34. Agbejule, A.; Shamsuzzoha, A.; Lotchi, K.; Rutledge, K. Application of Multi-Criteria Decision-Making Process to Select
Waste-to-Energy Technology in Developing Countries: The Case of Ghana. Sustainability 2021, 13, 12863. [CrossRef]

35. Gombojav, D.; Matsumoto, T. Multi criteria decision analysis to develop an optimized municipal solid waste management
scenario: A case study in Ulaanbaatar, Mongolia. J. Mater. Cycles Waste Manag. 2023, 25, 1344–1358. [CrossRef]

https://doi.org/10.3390/sym18030428

https://doi.org/10.1177/21582440251378799
https://doi.org/10.3390/su16156329
https://doi.org/10.1016/j.rineng.2025.104018
https://doi.org/10.3390/su16198677
https://doi.org/10.56578/ocs030203
https://doi.org/10.1016/j.clet.2024.100761
https://doi.org/10.3390/su13020925
https://doi.org/10.1007/s43615-024-00346-w
https://doi.org/10.1016/j.jclepro.2020.124775
https://doi.org/10.3390/resources12100115
https://doi.org/10.1016/j.scitotenv.2020.138622
https://doi.org/10.1016/j.scitotenv.2020.137088
https://doi.org/10.1016/j.heliyon.2022.e08918
https://doi.org/10.1016/j.scitotenv.2021.150170
https://doi.org/10.3390/ijerph19148458
https://www.ncbi.nlm.nih.gov/pubmed/35886307
https://doi.org/10.1016/j.seta.2020.100737
https://doi.org/10.1016/j.resconrec.2020.104881
https://doi.org/10.1007/s10661-020-08565-y
https://www.ncbi.nlm.nih.gov/pubmed/33030635
https://doi.org/10.1016/j.heliyon.2024.e25788
https://doi.org/10.3390/su14116565
https://doi.org/10.1007/s41660-021-00215-1
https://doi.org/10.1007/s13762-022-04642-6
https://doi.org/10.1007/s11356-021-15859-2
https://doi.org/10.1016/j.envres.2020.109348
https://www.ncbi.nlm.nih.gov/pubmed/32278923
https://doi.org/10.3390/su132212863
https://doi.org/10.1007/s10163-023-01603-0
https://doi.org/10.3390/sym18030428


Symmetry 2026, 18, 428 24 of 24
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landfill site selection using GIS-based on a fuzzy multi-criteria evaluation technique: A case study of the City of Kraljevo, Serbia.
Environ. Sci. Pollut. Res. 2023, 30, 37961–37980. [CrossRef]

37. Kurbatova, A.; Abu-Qdais, H.A. Using Multi-Criteria Decision Analysis to Select Waste to Energy Technology for a Mega City:
The Case of Moscow. Sustainability 2020, 12, 9828. [CrossRef]

38. Alam, S.; Rahman, K.S.; Rokonuzzaman, M.; Salam, P.A.; Miah, M.S.; Das, N.; Chowdhury, S.; Channumsin, S.; Sreesawet,
S.; Channumsin, M. Selection of Waste to Energy Technologies for Municipal Solid Waste Management—Towards Achieving
Sustainable Development Goals. Sustainability 2022, 14, 11913. [CrossRef]

39. Torkayesh, A.E.; Malmir, B.; Rajabi Asadabadi, M. Sustainable waste disposal technology selection: The stratified best-worst
multi-criteria decision-making method. Waste Manag. 2021, 122, 100–112. [CrossRef]

40. Bechroune, W.; Kherrour, L.; Belaid, L.; Goumrasa, A. GIS-MCDM integrated approach for suitable landfill site selection: A case
study of the southwestern part of Bejaia Province, Algeria. Environ. Monit. Assess. 2024, 196, 1262. [CrossRef]

41. Alossta, A.; Eltariki, I.; Elmansouri, O.; Badi, I. Optimizing Construction and Demolition Waste Management Strategies in Libya:
A FUCOM-EDAS Multi-Criteria Decision-Making Approach. J. Green Econ. Low-Carbon Dev. 2024, 3, 258–272. [CrossRef]
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