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ABSTRACT

Waste treatment is one of the most critical issues addressed by societies in alignment
with their environmental protection and sustainability goals. The study seeks to examine
the efficiency of European Union (EU) countries in waste treatment, using Data
Envelopment Analysis (DEA) as the chosen methodology. The research investigates the
relative efficiency of the 27 EU member states in the field of waste treatment, using seven
specified parameters namely recycling, backfilling, landfilling, incineration, circular
material use rate, gross value added in the environmental goods and services sector, the
recycling rate of municipal waste. The study identified seven EU member states—Czech
Republic, Spain, France, Hungary, Malta, Poland, and Sweden—as having efficiency
scores below 1, indicating suboptimal performance in waste management. Countries
identified as ineffective in waste treatment are analyzed in comparison to the
benchmarks of effective countries, and target output values necessary for achieving
effectiveness are determined.

Cite this article as: Tunali D. Assessing waste treatment efficiency of European Union

countries. Environmental Research and Technology, 2026, 9 (3), 513-519.

INTRODUCTION

Environmental challenges have emerged as a significant
concern for governments globally, as both industrialized and
developing nations contend with serious issues related to
pollution management and resource preservation. These
problems stem from factors such as industrialization,
population growth, and the scarcity of natural resources.
Maintaining economic development, using resources
efficiently, and establishing environmentally friendly supply
chains are critical goals for countries. In this context, waste
should be considered both as a pollutant and a potential
resource [1]. The rapid increase in waste generation, driven
by population growth, consumption patterns, and industrial
production, has exacerbated resource depletion and
environmental pollution. Therefore, efficiently managing
waste has turned into a fundamental element of sustainable
development, especially for industrially developing
countries.

Managing waste in an environmentally responsible manner
also facilitates the recovery of secondary materials, thus
contributing to economic cycles. The European Union (EU)
has taken a leading role in this area, highlighting waste
management as a key component of its environmental
policies [2]. The EU’s Waste Framework Directive sets
objectives such as conserving resources, promoting recycling,
and ensuring that waste is disposed of in line with the waste
hierarchy [3]. These policies aim to expedite the shift to a
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circular economy, thereby strengthening the environmental
dimension of sustainable development.

Environmental sustainability has become one of the most
fundamental goals of modern societies [4]. In particular, the
EU has been taking concrete steps in waste management to
preserve the environment, safeguard public health, and
ensure the efficient use of resources. The primary aim of these
policies is to promote the recovery and recycling of waste,
while minimizing the consumption of new resources.

This research intends to assess the efficiency of waste
treatment in European Union (EU) countries. This evaluation
may allow countries to measure their effectiveness in waste
management, enabling them to better utilize their resources
in an environmentally sustainable manner. Additionally, less
effective countries can implement the recommended
regulations to improve their performance and contribute to
their economies.

This paper first presents similar studies on the topic. The
second section outlines the methodology for the quantitative
analysis and explains the data set used. In the third section,
the results of the calculations based on this methodology for
EU countries are discussed, along with opportunities to
improve efficiency and the paper ends with the conclusion
section.

LITERATURE REVIEW

As awareness of the importance of waste processing for
ensuring environmental sustainability continues to grow, the

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).
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number and diversity of studies in this field are also
increasing day by day. While the literature contains many
studies on waste processing issue of countries, this study
considers those that have analyzed the efficiency of waste
treatment using Data Envelopment Analysis (DEA) in recent
years.

In their research, Halkos et al. [5] used Data Envelopment
Analysis (DEA) and the directional distance function to
address undesirable outputs for the years 2008, 2010, 2012,
and 2014.The most efficient countries were identified as
Germany, Ireland, and the UK. It was also observed that the
countries utilizing all four waste treatment methods,
particularly those that prioritized more sustainable options
while reducing landfill usage, were the ones that
demonstrated efficiency based on DEA analysis.

Callao et al. [6] focused on the evaluation of hazardous waste
handling in various European Union (EU) member countries
and candidate nations. Using Data Envelopment Analysis
(DEA), they examined the efficiency in 32 nations of Europe
through five different models, each employing several
combinations of the identified inputs and outputs. The study
concluded that overall waste management (encompassing
both waste hazardous or not) in various EU nations is more
effective than hazardous waste management, regardless of
the waste management structure in place.

Giménez et al. [7] evaluates the performance and
convergence in municipal waste treatment among the
European Union member states during the time span from
1995 to 2016. Initially, a composite performance indicator is
developed, incorporating various treatment methods such as
landfilling, incineration, recycling, and
digestion/composting.. This indicator is calculated using Data
Envelopment Analysis (DEA) and Multi-Criteria Decision-
Making techniques, applied at both country and yearly levels.
The output-oriented Slacks-Based Measure (SBM) approach
is recommended for generating composite indicators through
DEA. Following this, convergence is analyzed. The top-
performing countries are identified as those in Central and
Northern Europe, including Austria, Denmark, and Germany,
while several Eastern European countries show lower
performance levels.

Li etal. [1] designed a two-phase Data Envelopment Analysis
(DEA) model that incorporates undesirable inputs to assess
the effectiveness of recycling processes and the reutilization
of industrial waste, within the context of China. The results
indicated that the general efficiency of industrial waste

Table 1. Inputs and Outputs

processing system remained consistent over a five-year
period. Moreover, the efficiency of the pollution disposal
phase was observed to surpass that of the resource reuse
phase, playing a more crucial role in enhancing overall
efficiency. Furthermore, the findings indicated that the phase
of pollution disposal demonstrated a pattern akin to that of
the integrated system, in contrast to the resource reuse
phase, which did not show such alignment.

In their study Ye et al. [8] employed a three-stage Bootstrap-
DEA approach to assess the effeciency of OECD countries
between 2008 and 2017. The analysis results revealed that
overall municipal waste treatment efficiency was relatively
high across all countries. In nations where the average
municipal waste treatment efficiency exceeded 0.985,
environmental protection policies were found to be
effectively implemented. However, it was observed that the
efficiency levels in Turkey, Ireland, Chile, Poland, and Italy
were comparatively low, showing a need for improvement.
The literature includes studies that employ different
techniques to examine the waste treatment behaviors of
countries. However, no research has been identified that
focuses on the variables used in this study. Moreover, this
research, utilizing the most recent data, is expected to
contribute to the current body of knowledge. The following
section provides explanations regarding the dataset and
methodology utilized in the study.

DATA AND METHODOLOGY

This section describes an explanation of the data set
employed in the study and the methodology applied in the
analysis.

Data Set

In the study analyzing the relative efficiency of 27 European
Union (EU) member countries in waste treatment through
Data Envelopment Analysis (DEA), recycling. backfilling.
landfill and incineration data are used as inputs of the study;
while the circular material use rate, gross value added in the
environmental goods and services sector and the recycling
rate of municipal waste data are used as outputs. In order to
make comparisons with the inputs and outputs selected in the
study; input amounts are considered in terms of tons per
capita and outputs are expressed as percentages. The
identified inputs and outputs are presented in Table 1.

Inputs Outputs

I1 Recycling (tons per capita)
12 Backfilling (tons per capita)
I3 Landfil (tons per capita)

14 Incineration (tons per capita)

01 The circular material use rate (percentage)
02 Gross value added in the environmental goods and services sector (percentage)

03 The rcycling rate of municipal waste (percentage)

The data analyzed in the study are sourced from the European
Statistical Office (Eurostat) database [9]. The four inputs and
three outputs identified for the study are explained in more
detail in this section.

The Waste Framework Directive [3] describes recycling as a
recovery process whereby waste materials are transformed
into products, materials, or substances for their initial
application or for alternative uses. This definition includes
the reprocessing of organic materials but excludes energy
recovery and the reprocessing of materials intended for use

as fuel or for backfilling operations. Backfilling is explained as
arecovery process that employs suitable waste materials for
land reclamation in excavated sites or for engineering
applications in landscaping, effectively acting as a
replacement for conventional non-waste materials. Any
backfilling activity must align with the definition of recovery
by replacing other materials or being processed to perform a
specific function. The concept of backfilling also implies the
permanent placement of waste at designated sites, with no
intention of reintroducing it into the economic material cycle.
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Landfilling refers to the disposal of waste by depositing it
onto or into land. This includes specially engineered landfill
facilities, as well as the temporary storage of waste for more
than one year at permanent locations. The definition
encompasses both internal landfills, where waste generators
dispose of their own waste at the site of generation, and
external landfill sites. Incineration is a waste disposal method
involving the combustion of waste materials, which can occur
either on land or at sea. The values obtained for all inputs
pertain to the year 2022 and represent the most recent
available data.

The circular material use rate represents the proportion of
materials recovered and reintegrated into the economy
relative to overall material use and reflects the degree of
material circularity within the economy. It is calculated as the
ratio of circular material use to total material use [10]. The
current data for this output pertain to the year 2022 and have
been used in the study in their most updated form. The
environmental goods and services sector refers to the portion
of a country's economy involved in the production of goods
and services aimed at environmental protection and resource
management, both domestically and internationally. It tracks
the gross value added by the economic activities within the

Table 2. Input and Output Data of EU Member States

European Union’s environmental, or green, economy. Gross
value added in the environmental goods and services sector
reflects the sector's contribution to Gross Domestic Product
(GDP) and is calculated as the difference between the value of
its output and its intermediate consumption [11]. Since data
for only five countries are available for this output in 2022,
data from 2021 are used instead. The recycling rate of
municipal waste is figured by division the amount of
municipal waste recycled by the total amount of municipal
waste generated. Municipal waste primarily consists of
household waste but may also include similar waste
produced by small businesses and public institutions, which
is collected by local authorities. The indicator is included in
the EU Sustainable Development Goals (SDG) framework and
tracks progress, which aims to create inclusive, safe, resilient,
and sustainable cities, aligning with the European Green
Deal’s priorities. For this output, since data for the Czech
Republic and Greece are not available for 2022, the data from
2021 are used. For Ireland, the most recent data from 2020
are used [12].

The selected input-output set and the data collected for the
EU member states are presented in Table 2.

Inputs Outputs

No  DMU I 12 5 13 14 01 opz 03

1 Belgium 1.899 0.305 0.072 0.031 22.200 1.640 54,700
2 Bulgaria 1111 0.000 9.013 0.010 4.800 2360 24,600
3 Czechia 1.855 1.188 0.305 0.009 11.900 2.960 43,300
4  Denmark 1.908 0.606 0.016 0.001 7.400 3.410 45,700
5  Germany 1.782 1.228 0.541 0.016 13.000 2330 69,200
6  Estonia 4.973 1.579 7.695 0.000 16.000 4630 33,200
7 Ireland 0.282 1.689 0.324 0.001 1.800 0.890 40,800
8  Greece 0.438 0.192 2.223 0.000 3.100 2.200 17,500
9  Spain 0915 0.202 0.364 0.003 7.100 2.930 38,600
10  France 2.548 0.398 0.379 0.035 19.300 2.990 41,200
11 Croatia 0.709 0.055 0.296 0.000 5.800 1.460 34,200
12 Italy 2.095 0.003 0.095 0.005 18.700 3.660 53,300
13 Cyprus 0.503 0.037 0.980 0.000 3.200 1.840 14,800
14 Latvia 0.658 0.034 0.042 0.000 5.400 2.760 50,800
15  Lithuania 0.529 0.071 0.728 0.001 4.100 3.420 48,400
16  Luxembourg 5.170 6.519 0.180 0.000 5.200 2.940 54,600
17  Hungary 1.004 0.538 0.247 0.008 7.900 0.560 32,800
18 Malta 1.807 3.793 0.362 0.009 15.100 1120 12,500
19 Netherlands 3316 0.000 0.043 0.056 27.500 2530 57,500
20 Austria 2.991 1.108 0.238 0.076 13.800 4.810 62,600
21 Poland 1.564 1.141 1.096 0.011 8.400 2.480 40,900
22 Portugal 0.484 0.111 0.255 0.003 2.600 2.690 30,200
23 Romania 0.347 0.058 6.900 0.003 1.400 2.550 12,300
24 Slovenia 1.704 1.991 0.071 0.005 9.400 1510 62,600
25  Slovakia 0.936 0.158 0.475 0.004 9.100 1.900 49,500
26  Finland 0.847 0.234 16.950 0.011 0.600 5.920 43,700
27 Sweden 1.621 0.571 4932 0.015 6.100 4.090 39,700
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Data Envelopment Analysis

Data envelopment analysis (DEA) is chosen as the method to
examine the efficiency of Europen Union countries in waste
treatment. Data Envelopment Analysis (DEA) introduced by
Charnes et al. [13] in 1978 is a technique used to assess
efficiency by considering multiple inputs and outputs. This
approach builds upon Farrell's earlier work on efficiency
measurement from 1957 and the entities evaluated in this
context are referred to as decision-making units (DMUs).
According to Cooper et al. [14] DEA is a non-parametric linear
methodology that facilitates the comparison of the relative
efficiency of various similar DMUs each characterized by
multiple inputs and outputs.

Once the DMUs are identified and selected in DEA the next
step involves determining the relevant inputs and outputs.
While there are varying opinions on the minimum number of
DMUs required for analysis with some suggesting that it
should be at least twice [15] or three times [16] the total
number of inputs and outputs. Cook et al.[17] argue that these
guidelines are not mandatory and lack statistical justification.
being primarily established for convenience [18]. The
expressiveness and purpose of the analysis rely heavily on the
inputs and outputs incorporated into the model. Selecting
appropriate inputs and outputs for the DMUs is both a critical
and challenging task. These parameters must be logically
related [19].

Data Envelopment Analysis (DEA) serves as a method for
assessing comparative or relative effective as it measures
efficiency by benchmarking units against each other. The
resulting efficiency score typically falls between 0 and 1 or
alternatively between 0% and 100%. A DMU with a score
below 100% or 1 is deemed ineffective when compared to
other units [20]. Effective units represent those achieving the
highest performance while ineffective ones have the potential
to improve by either reducing inputs or increasing outputs. In
addition to calculating efficiency scores DEA also provides
input and output targets to guide ineffective units towards
becoming effective. The Potential Improvement Ratio (PIR)
can be determined using these output targets calculated
through the following formula:

PIR = ((Target Value - Actual Value) / Actual Value) * 100 1

The Potential Improvement Ratio (PIR) for inputs in a study
can also be calculated in a similar manner. PIR represents the
percentage of improvement (whether a reduction in inputs or
an increase in outputs) required for an inefficient decision-
making unit (DMU) to achieve efficiency [18]. This metric
indicates the extent of adjustment needed in either inputs or
outputs for the inefficient unit to match the performance of
its efficient counterparts.

DEA evaluates the performance of decision-making units
(DMUs) through two primary orientations: input-oriented
which seeks to minimize inputs for a given level of output and
output-oriented which aims to maximize outputs for a given
level of input [21]. Efficiency can also be influenced by returns
to scale which may be constant or variable. Two key DEA
models have been developed based on the type of returns to
scale [22]. The first model introduced by Charnes, Cooper and
Rhodes in 1978 is known as the CCR model named after its
developers. This model is constructed under the assumption

of constant returns to scale (CRS) which implies that any
variation in the input level should lead to a proportional
change in output with no scale effects present [21]. In DEA
employing CRS models necessitates the assumption of
complete proportionality between all inputs and outputs.
However this level of proportionality is often not realistic and
cannot be assumed in many cases [22]. This assumption is
applicable when firms function at their optimal capacity [5].
The second model the BCC model was introduced by Banker,
Charnes and Cooper in 1984. It extends the CCR model by
allowing for variable returns to scale (VRS) indicating that
DMUs can exhibit different productivity levels at varying
scales. In other words, the efficiency of different production
technologies may depend on the scale at which the DMUs
operate [21]. This method encompasses both increasing and
decreasing returns to scale. The method incorporates both
increasing and decreasing returns to scale and the application
of variable returns to scale (VRS) appears to be suitable in
most instances [5].

The objective of this study is to assess the relative efficiency
of European Union countries in the field of waste treatment
and to enhance the outputs of those countries deemed
inefficient in this domain. For this purpose, output-oriented
BCC model is employed. Efficiency scores are calculated
according to the following linear programming model [23]
[24] [25].

Output-Oriented BCC Envelopment Model

maxe + e(Xi2q 57 +X7-157) (2)
subject to

Z,'leijlj +S; = Xjo i=12....m (3)
2}1:1}’1«]‘)»; —sf =@y or=12....s (4
Yrid=1 A4 20i=12..n (5)

RESULTS AND DISCUSSION

The output-oriented BCC model efficiency score for the 27
members of the European Union are presented in Table 3.

According to the results of the output-oriented BCC model
analyzed under the assumption of variable returns to scale in
the study, seven countries with efficiency scores below 1 have
been identified. These countries are the Czech Republic,
Spain, France, Hungary, Malta, Poland, and Sweden. These
nations have been found to be unable to fully achieve their
designated outputs with the waste processing inputs
specified in the study.

As illustrated in Table 3 Italy (country number 12) is the most
frequently referenced country being cited by 6 different
countries. Lithuania and Austria follow each referenced 4
times. Additionally. Belgium and Finland are cited by 3
countries while Germany, Latvia and Slovakia are referenced
by 2 countries. Finally the Netherlands and Ireland are each
cited by 1 country. There are countries that are effective but
not referenced such as Bulgaria, Denmark, Estonia, Greece,
Croatia, Cyprus, Luxembourg, Portugal, Romania and
Slovenia.

Target values can be determined using reference groups and

the corresponding coefficients for the output factors of
inefficient countries.



Environ Res Tec, Vol. 9, Issue 3, pp. 513-519, June 2026

517

Table 3. The Efficiency Scores of EU Countries, Reference Groups and Coefficients

No DMU VRS Reference Country* Obtained Coefficient
1 Belgium 1.000

2 Bulgaria 1.000

3 Czechia 0.810 26(0.004) 15(0.178) 12(0.724) 20(0.061) 5(0.032)
4 Denmark 1.000

5 Germany 1.000

6 Estonia 1.000

7 Ireland 1.000

8 Greece 1.000

9  Spain 0.908 14(0.325) 15(0.453) 1(0.016) 12(0.206)
10  France 0.899 12(0.617) 19(0.339) 20(0.043)

11  Croatia 1.000

12 Italy 1.000

13  Cyprus 1.000

14 Latvia 1.000

15 Lithuania 1.000

16 Luxembourg 1.000

17  Hungary 0.779 7(0.058) 14(0.319) 25(0.422) 1(0.202)
18 Malta 0.881 12(0.617) 1(0.162) 25(0.221)

19  Netherlands 1.000

20 Austria 1.000

21 Poland 0.728 26(0.041) 15(0.287) 12(0.355) 20(0.057) 5(0.259)
22 Portugal 1.000

23 Romania 1.000

24  Slovenia 1.000

25  Slovakia 1.000

26  Finland 1.000

27  Sweden 0.929 12(0.443) 26(0.280) 20(0.126) 15(0.151)

Target value for the circular material use rate (CMR) for
Czechia can be found as follow:

TargetVal-Olczechia =  Olpinland(0.004) +  Oliithuania(0.170)  +
O1italy(0.710) + O austria(0.056) + OLgermany(0.059) (6)

= 0.6(0.004) + 4.1(0.170) + 18.7(0.710) +
13.8(0.056) + 13(0.059) = 15.5378

Czechia needs to raise its circular material use rate from
11.90 to 15.54. The potential improvement ratio (PIR) for
Czechia's circular material use rate can be calculated as
follows:

Target Value—Actual Value

PIR = * 100

(7

Actual Value

PIR = ((15.54 - 11.9) / 11.9) * 100 = 30.59 = 31%

Hence, it can be concluded that Czechia needs to increase the
circular material use rate by approximately 30%. Target
values and improvement ratios for other output factors are
calculated in a similar manner and are displayed in Table 4.

Table 4. Output Values, Target Values and Potential
Improvement Rates for Ineffective Countries

OutputValue  Target Value PIR

o1 11,9 15,54 31%
02 Czechia 2,96 3,82 29%
03 43,3 55,41 28%
o1 7,1 7,82 10%
02 Spain 2,93 3,23 10%
03 38,6 50,29 30%
o1 19,3 21,45 11%
02 France 2,99 3,32 11%
03 41,2 55,07 34%
01 7,9 10,15 28%
02 Hungary 0,56 2,07 270%
03 32,8 50,51 54%
01 15,1 17,15 14%
02 Malta 1,12 2,94 163%
03 12,5 52,69 322%
o1 8,4 12 43%
02 Poland 2,48 3,38 36%
03 40,9 56,43 38%
o1 6,1 10,81 77%
02 Sweden 4,09 4,4 8%

03 39,7 51,04 29%
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The countries listed in Table 4 can achieve efficiency in waste
treatment by reaching the specified output target values. The
potential improvement ratio (PIR), expressed as a
percentage, shows the required increase in outputs for each
country. The output target values provided serve as a
benchmark for ineffective countries. For instance, to achieve
efficiency, Czechia needs to increase its circular material use
rate by approximately 31%, from 11.9 to 15.54. Moreover, the
gross value added ratio in the environmental goods and
services sector should be elevated by 29%, from 2.96 to 3.82,
and the recycling rate of municipal waste needs to be boosted
by 28%, from 43.3 to 55.41. Comparable interpretations can
be drawn for other ineffective countries by referring to the
results presented in Table 4. Addressing these weaknesses
should be a key policy priority, as a higher PIR in waste
treatment indicates poorer performance in the associated
outputs. The highest PIR value is for Malta's recycling rate of
municipal waste output with 322 per cent. It can be concluded
that Malta is the weakest country in the output of recycling
rate of municipal waste and to be effective, it needs to
increase the value of this output from 12.5 to 52.69. Germany,
Austria, and Slovenia are the countries with the highest
recycling rates of municipal waste outputs, each exceeding
60%. When considering the circular material use rate,
Sweden stands out as the country requiring the largest
increase, at 77%. The Netherlands and Belgium are the two
countries of which circular material use rate outputs are
above 20%. In terms of the gross value added ratio within the
environmental goods and services sector, Hungary shows the
greatest need for improvement, with a required increase of
270%. Finland is the only country where this output is the
highest, exceeding 5%.

CONCLUSION

The objective of this study is to assess the relative efficiency
of waste treatment in countries through the use of Data
Envelopment Analysis (DEA) within the framework of the
output-oriented BCC model. By doing so, effective countries
are identified, and insights are provided on how ineffective
countries can reach their targets. The analysis focuses on
European Union member states, which represent a large and
diverse economic and political entity comprising countries
with different cultural backgrounds. Unlike previous studies,
this research distinguishes itself by the specific inputs and
outputs it examines, contributing valuable findings on the
efficiency of waste treatment practices within the European
Union.

The results of the output-oriented BCC model, analyzed under
the assumption of variable returns to scale, identified seven
European Union countries with efficiency scores below 1.
These countries; Czechia, Spain, France, Hungary, Malta,
Poland, and Sweden, are unable to fully achieve their
designated output targets with the given waste processing
inputs. This situation highlight the need for targeted policy
interventions to improve waste treatment practices. Italy,
frequently referenced by six countries, demonstrated a
significant influence in with best practice benchmarks.
Countries such as Lithuania, Austria, Belgium, and Finland
also showed substantial impact, being referenced by several
other countries.

The results of this study are largely consistent with the
findings of previous research in the field of waste treatment
efficiency across European Union (EU) countries. For
instance, the identification of Germany and Austria as some of
the most efficient countries aligns with the results of Halkos
et al. (2017) and Giménez et al. (2018), who also found that

these countries were among the top performers in terms of
waste management practices. Both studies attributed their
success to robust infrastructure, advanced waste treatment
technologies, and sustainable policy implementations, all of
which were reflected in the high efficiency scores observed in
this study as well.

However, this study diverges from Ye et al. (2019), who
reported higher efficiency levels for countries like Sweden
and France in waste treatment, especially in municipal waste
processing. In contrast, the current study found that these
countries fell below full efficiency, indicating a shift in
performance trends. This discrepancy may be due to
differences in the selection of inputs and outputs for the Data
Envelopment Analysis (DEA) models, as well as the
incorporation of additional variables such as hazardous
waste treatment and overall recovery rates, which were not
the focus of earlier studies. As Callao et al. (2016) suggested,
incorporating hazardous waste treatment into the analysis
provides a more comprehensive assessment of waste
management efficiency, which may explain the difference in
the efficiency scores observed for Sweden and France in this
study.

Findings from this study provide valuable insights into the
varying levels of waste treatment efficiency across the EU and
highlight areas where countries need to improve their
efficiency for improvement. Addressing these ineffectiveness
should be prioritized in future policy frameworks to enhance
the overall effectiveness of waste management systems
within the EU. Strengthening policy measures to address
inefficiencies will be crucial in promoting sustainable waste
management practices across member states.

In light of the results obtained from the study, policymakers
can propose clear strategies that enhance output while
utilizing fewer inputs, thereby improving the outcomes in
waste treatment. In this context, these strategies not only
enhance waste treatment efficiency but also promote more
effective resource utilization. The analysis are conducted
using the mostrecent available data, and it is believed that the
parameters addressed and the findings obtained will
contribute to the existing literature. Furthermore, this study
can be regarded as a preliminary effort for more
comprehensive future research.
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