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Abstract

In this study, a new multi-criteria decision analysis (MCDA) framework was designed and adopted for assessing the sus-
tainability of solid waste treatment techniques (six treatment techniques) in urban areas of Baghdad (the capital of Iraq). A
questionnaire has been developed that contains the four dimensions of sustainability (environmental, economic, social, and
technical) and their indicators. These indicators have been studied, analyzed, and evaluated by a group of specialists work-
ing on solid waste management. Then the data were modelled adopting the weighted sum model (WSM), weighted product
model (WPM) and technique for order preference by similarity to ideal solution (TOPSIS). The main results of the study
clearly showed that the sustainability of municipal solid waste treatment in the city of Baghdad is directly related to the four
dimensions in variable proportions (weights), and the environmental dimension gained the largest impact (46.9%) while the
technical dimension gained the least impact (16.1%) on sustainability. By analyzing the questionnaire data according to the
designed framework with reference to the three methods of MCDA (WSM, WPM, and TOPSIS) and in the presence of three
Scenarios of the multi-criteria weights, Recycling by Source-Separation (RSS) Technique gained the highest score (0.896)
which means that it is the best alternative, while Anaerobic Digestion Technique (AD) gained the lowest score (0.397) which
means that it is the worst alternative, other scores are (0.874) for material recycling facility (MRF) Technique, (0.84) for
Landfill Technique, (0.813) for Composting Technique, and (0.584) for mass-burn incineration (MBI) Technique.
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Introduction

Municipal solid waste (MSW) is a major concern for the
economy in third world countries, as MSW management has
a clear impact on health, community welfare, and sustain-
ability. Reducing, converting, recycling, and treating solid
waste is the series of methods applied in the management
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of that wastes. In all these methods, the need for waste dis-
posal and treatment has a clear environmental impact on
human life (Alam et al. 2022; Wang et al. 2022). The treat-
ment of solid waste and the identification of suitable sites for
landfills are difficult tasks faced by government departments
because of the dependence on various factors and regula-
tions. Increased population density, limited land availability
for burial work, as well as environmental and health impacts
have become the major difficulties to overcome (Vyas et al.
2022; Zhang et al. 2022). Environmental factors clearly
influence the biophysical characteristics of the landfill in
the surrounding area (Su et al. 2021). Solid waste disposal
in landfills is the oldest and most practical method (Blair
and Mataraarachchi 2021; Zhang et al. 2021). In addition to
landfill technology, there are other technical methods used
to treat solid waste, such as recycling by source-separation
(RSS), material recycling facility (MRF), composting
(C), anaerobic digestion (AD), and mass-burn incinera-
tion (MBI). Most of the solid wastes in the United States
are treated using one of the following methods: Landfill
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(53.8%), MRF (34.5%), and MBI (11.7%) (Eskandari et al.
2016). Aerobic Composting is defined as the biodegrada-
tion of organic wastes during aerobic conditions to achieve
a stable state of such wastes, which can be used as a soil
enhancer (fertilizer), (Graca et al., 2021; Lin et al. 2022).
Several researchers (Batista et al. 2021; Liu et al. 2021;
Banch et al. 2020; Chowdhury et al. 2021; Schneider et al.
2017; Lim et al. 2016; Ferraro et al. 2019; Vassanadum-
rongdee and Kittipongvises 2018; Ding et al. 2021; Vyas
et al. 2022; Huang et al. 2022; Rasheed et al. 2021; Siqueira
and Monteiro Filho 2021) have discussed the advantages,
disadvantages and the economic issues of the various MSW
treatment techniques. In Iraq, Baghdad Mayoralty which
is responsible for MSW management planned to use open
dumps or landfills to treat MSW in many cities (more than
70% of Iraqi cities), while about 30% of the solid waste was
incinerated by primitive methods in other areas, besides that
there is no separation of wastes at the sources, or if it occurs,
biodegradable and non-biodegradable wastes are mixed in
disposal areas which led to lands and resource degradation
and ultimately to environmental pollution and poor health.
The lack of land in the urban areas allocated to new dumps
reinforced the need to rehabilitate or repair existing landfills
(Baghdad 2016).

Sustainable development depends on 3 types of indica-
tors: environmental protection indicators (related to the envi-
ronmental dimension), economic growth indicators (related
to the economic dimension), and strengthening social
structures (related to the social dimension). Sustainability
is assessed by linking these common indicators to estab-
lish and develop the conditions of human dignity and pro-
gress towards greater sustainability. The valuation of solid
wastes management in terms of sustainability is a complex
issue when considering the huge overlap between environ-
mental, economic, and social indicators and the absence of
clear data, (Deus et al. 2019; da Silva et al. 2019; Juca et al.
2020; Deus et al. 2020; Paes et al. 2020; Olay-Romero et al.
2020; AIHumid et al. 2019; Fratta et al. 2019; Coskun et al.
2022).

Therefore, municipal solid waste management should be
reconsidered and updated continuously to achieve a balance
between solid waste disposal and treatment, and the best sus-
tainability must be the ultimate goal of those responsible for
solid waste management. Many studies indicated that waste
composition is the main determinant of a waste management
strategy, taking into account that each country has its own
environmental rules and regulations on solid waste disposal
(Kurniawan et al. 2022; Jabeen et al. 2022; Olujobi et al.
2022). Appropriate waste management strategies can only
be developed by defining the qualities and quantities of the
generated wastes (Carcamo and Pefiabaena-Niebles 2022).

* @ Springer

Jeswani and Azapagic, (2016) applied life cycle assess-
ment (LCA) to find the most sustainable option (in terms of
electricity generation) out of two options of MSW disposal:
incineration and landfilling; the study was performed in the
UK. Their results showed that electricity from incineration
was lower than that resulting from landfill biogas. (Cobos-
Mora et al. 2022) applied a multi-criteria decision analysis
using analytical hierarchy process to select a suitable site for
transfer stations in a solid waste management system. (Sol-
tani et al. 2015) stated that (MCDA) was the most popular
framework to be applied in managing MSW. (Vucijak et al.
2016) confirmed the importance of utilizing multi-criteria
decision-making tools to choose the best MSW manage-
ment scenario among six different choices. (Jovanovic et al.
2016) performed an MCDA on six waste treatment alterna-
tives relying on two (MCDA) methods, strictly speaking the
simple additive weighting (SAW) and order preference by
similarity to ideal solution (TOPSIS) techniques.

(Coban et al. 2018), utilized multi-criteria decision mak-
ing methods to evaluate the best (MSW) treatment tech-
nique in Turkey, Istanbul, their results indicate that recy-
cling and landfill techniques were the most sustainable.
(Wang et al. 2018),in their study on MSW treatment in
Chongqing, China, utilizing multi-criteria decision mak-
ing methods, concluded that (Anaerobic digestion) was
the best (MSW) treatment among four alternatives. (Gaur
et al. 2022) adopted the Fuzzy Analytic Hierarchy Process
(Fuzzy AHP) and the (Fuzzy TOPSIS) technique to study,
identify, investigate and evaluate six (MSW) management
techniques(landfill, incineration, Bio-methane composting,
recycling and reuse, and aerobic digestion). Their scenarios
relied on nine criteria classified under the major categories
of (environmental, social, financial, and profitable). They
found that (40% Bio-methane composting +60% Landfill)
was the best scenario.

(Omran et al. 2021) carried out their work to analyze the
sustainability of 13 wastewater treatment plants in ten cities,
Iraq. Their framework was built using (MCDA) the weighted
sum model (WSM).

It is believed, up to our knowledge, that this is the first
time a study conducted in Baghdad, Iraq, to evaluate the
sustainability of MSW and to develop a designed MCDA
framework.

The objectives of this study were to assess the sustain-
ability of MSW treatment techniques in Baghdad city, Iraq
relying on field surveys by recording the selected values
(by specialists) of the different elements and comparing the
four dimensions of sustainability (Environmental, Social,
Economical, and Technical), evaluating the impact of those
dimensions, then to analyze the recorded data (in terms of
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a matrix) using the MCDA (WSM, WPM and TOPSIS) to
decide the most sustainable MSW treatment technique out
of the six selected techniques (Landfill, RSS, MRF, Com-
posting, AD, and MBI), and finally to decide whether the
framework is applicable to other countries in the world after
comparing the results of the study with the literature in the
same field of knowledge.

The study was carried out during the period 2018-2020,
and the authors have selected the city of Baghdad as a case
study for the high performance of its municipalities in man-
aging MSW than other Provinces in Iraq.

Materials and methods
Study area and data collection

Baghdad/Iraq has an area of about 670 km?. It is divided
into 12 districts; 7 districts are located on the eastern bank
of the Tigris River, and the other 5 are on the west bank of
the river. The total population of Baghdad city in 2016 was
8,400,000 (eight million and four hundred thousand) people.
The urban area of the city is about 269.9 km?, including the
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Fig. 1 Google Earth map of Baghdad/Iraq

industrial area of about 23.376 km?2, the commercial area
of 5.643 km?, and the domestic area of about 240.881 km?.
This means that the domestic area accounts for about 90%
of the urban area. There are no clear and consistent determi-
nants of solid waste disposal in and around Baghdad. These
disposal methods have resulted in the increased environmen-
tal pollution in and around Baghdad. Figure 1 is an aerial
map of Baghdad/Iraq (Google Earth).

Sustainability of MSW treatment techniques

Waste can be classified as MSW, medical, hazardous, indus-
trial, or radioactive waste. Therefore, the application of the
concept of sustainability of solid waste treatment techniques
and the development and analysis of influencing social,
economic, and environmental indicators became among the
matters that fall within the strategic plans of most countries.
In view of the importance of the technical factor of treatment
methods, the technical dimension was added in this study as
a fourth influential indicator within the analysis and evalua-
tion of the sustainability of solid waste treatment techniques.

In this research, four dimensions of sustainability were
used to fulfil all the requirements of sustainability: environ-
mental, social, economic, and technical dimensions. In order
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to achieve a comprehensive vision of sustainability and to
select the appropriate technique for the treatment of solid
waste, several indicators were used for each dimension to
assess the sustainability conditions of treatment techniques.

Multi-criteria decision analysis (MVCDA)

MCDA comprises several techniques. In this research paper,
three methods were relied on, the weighted sum model
(WSM), the weighted product model (WPM) and the tech-
nique for order preference by similarity to ideal solution
(TOPSIS) (Simsek et al. 2022; Jovanovic et al. 2016; Sad-
hya et al. 2022). Following is a brief description of these
methods:

MCDA/weighted sum model (WSM)

Assuming that the criteria under study are benefit criteria,
i.e., the higher the values are, the better it is, then the general
model is:

WSM __
AYM =N Wiy (1)
=

where: A;WSM=the total importance of alternative A,

when all the studied criteria are considered simultaneously.
W; =the relative weight of importance of the criterion C;.

ajj
Ty = : 2)
(aj)max
Fori=1,2,3, .............. ,m, j=1,2,3...... , nwhere:
a. = matrix of the alternatives (m) versus the criteria(n) ,

[}
rijj = normalized matrix. ,
(aj)max‘ = maximum element in the specified criterion.

It is to be noted that aj; is the performance value of alter-
native A; when it is evaluated in terms of criterion C;.

In order to maximize AiWSM, then the best way is to
choose the value which yields the maximum total perfor-

mance (Simsek et al. 2022; Jovanovic et al. 2016).

Weighted product model (WPM)

Normalization is accomplished to the matrix (a;) using Eq. 2
(as stated in Sect. 2.5.1), then:

P(a) =TT ()" 3)

J=1

a
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fori=1, 2,...... , m.where: P(Ai)zweighted product of
the ith alternative. r;; =normalized matrix. W;=the relative
weight of importance of criteria j.

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

The matrix (aij) is normalized to (rij) using the following
formula:

aij

r, — ——

= @
=1 %

fori=1,2,....m,j=1,2...... ,n
Then #; is calculated using the equation:-
ty = ry x W Q)

fori=1,2,....,m,j=1,2..., nwhere: tij=weighted nor-
malized matrix

s a
W= o — ©)
zj:l 2ic1 %

Then, determine the worst alternative (twj) for the jth
criteria and the best alternative (tb;) for the jth criteria. Cal-
culate d;, and d;;, from:

(N

®)

fori=1, 2, ...., mwhere d;, and d;, are L2-norm (which
is called the Euclidean norm) distances from the target alter-
native (A;) to the worst and best conditions, respectively.

Finally, calculate the similarity to the worst condition:

S. = diw
" o d) ®
fori=1, 2, ...., m S;, =1 if (A;) has the best condition.
S;w=01f (A,) has the worst condition.
Figure 2 is a flow chart designed to show the main steps
of the sustainability assessment of MSW.
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START
ASSESSMENT

l

BUILD UP THE DIMENSIONS AND GOAL OF THE
SUSTAINABILITY ASSESSMENT

l

CHOOSE THE TECHNIQUES APPLIED FOR MSW
TREATMENT AND THEIR RESPECTIVE SUSTAINABILITY
INDICATORS ACCORDING TO THE FOUR DIMENSIONS
OF SUSTAINABILITY

IDENTIFY AND EVALUATE THE MOST APPROPRIATE
TECHNIQUES ACCORDING TO MULTI-CRITERIA
DECISIN ANALYSIS

(WSM, WPM, and TOPSIS)

END

Fig.2 MSW Sustainability Assessment Flow Chart according to
MCDA

Table 1 Sustainability of the environmental dimension

Results and discussion

A questionnaire sheet was built containing the four dimen-
sions and their indicators, as shown in Tables 1, 2, 3, and 4.
These indicators were studied, analyzed, and evaluated by
a group of specialists working in the management of solid
waste in the Ministry of Municipalities and Public Works
(MMPW). The survey included landfills, secondary, and
major transformational stations located within the geograph-
ical area of the city of Baghdad, which is the administrative
and economic capital of Iraq. In the questionnaire sheet,
three assessments were considered: the most sustainable,
moderate, and least sustainable for each indicator. Within
the research and evaluation methodology, a scale from 1 to
3 was used, given a score of 2 for a moderate sustainability
status, 3 for the most sustainable, and 1 for the least sus-
tainable. Specialization and experience of the experts were
considered as an important basis for the evaluation process
of the solid waste treatment techniques. The questionnaire
was answered by 36 specialists in this field. The summary
of Tables 1, 2, 3, and 4 represents the sustainability of each
MSW treatment technique which is clearly shown in Table 5.

The (Total Score) in Table 5 reflects the effect of sus-
tainability dimensions on the evaluation of treatment tech-
niques. The contribution of dimensions is as follows:—Envi-
ronmental Dimension (46.9%), Social Dimension (19.9%),
Economic Dimension (17.1%), and Technical Dimension
(16.1%).

This contribution can be ranked in a descending order
as follows:—Environmental Dimension > Social Dimen-
sion > Economical Dimension > Technical Dimension.

Consider the following: -

Indicator Treatment Method

MSW landfill RSS Tech- MRF Tech-  Composting AD Technique MBI

Technique nique nique Technique Tech-

nique

Area required for treatment 1 2 2 3 1 2
Emission of polluting gases to the air 1 3 2 2 1 1
Energy consumption reduction 3 1 1 3 2 1
Pollutants removal rate 3 2 2 2 2 2
Stabilization of solid wastes 3 1 1 3 3 2
Emission of unpleasant odors 1 2 2 1 1 1
Noise and disturbance 3 1 1 2 2 1
Use of chemicals 2 2 2 1 1 3
Solid waste volume 1 3 3 2 2 3
Leachate organic load 1 2 2 2 1 3
Biogas volume 1 2 2 3 1 3
Rapid biogas production 1 3 3 2 1 3
Total Score 21 24 23 26 18 25

(]
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Table 2 Sustainability of the social dimension

Indicator Treatment Method
MSW landfill ~ RSS technique MREF tech- Composting AD tech- MBI
technique nique technique nique tech-
nique
Social and cultural acceptance 1 3 3 2 1 1
Safety conditions available 3 2 2 2 1 1
Provides job opportunities 3 2 2 2 1 2
Competence requirements and on-site training 3 2 2 1 1 1
Contribute to the development of the community 2 3 3 2 2 2
Total Score 12 12 12 9 6 7
Table 3 Sustainability of the economical dimension
Indicator Treatment method
MSW landfill ~ RSS technique MREF tech- Composting AD tech- MBI
technique nique technique nique tech-
nique
The cost of land and construction 1 3 3 2 1 1
The cost of operation and maintenance 2 1 1 2 1 1
The cost of mechanical and electrical equipment 2 1 1 2 1 1
Salaries and wages of workers in the project 2 3 3 2 1 1
The cost of providing health and safety conditions 2 3 3 2 1 1
The selling cost of treatment products 2 2 2 3 2 1
Total Score 11 13 13 13 7 6
Table 4 Sustainability of the technical dimension
Indicator Treatment method
MSW landfill  RSS tech- MRF tech- Composting ~ AD tech- MBI
technique nique nique technique nique tech-
nique
The durability of hardware and equipment 2 3 3 2 1 2
Reliability and flexibility of the treatment method 3 3 3 2 1 2
The simplicity of construction and installation of equipment 3 2 2 2 1 1
The simplicity of operation and maintenance 3 1 1 1 1 2
Total Score 11 9 9 7 4 7

C, =Environmental criteria, C, = Social criteria,

C;=Economical criteria, and C,=Technical criteria.

A, =Landfill technique alternative, A,=RSS technique
alternative,

A;=MREF technique alternative, A,=Composting tech-
nique alternative,

A5=AD technique alternative, and A;=MBI technique
alternative.

W, =weight of the environmental criteria, W, =Weight
of the social criteria,

"
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W, =weight of the economic criteria, and W, = Weight
of the technical criteria.

To increase the confidence in the results of the multi-cri-
teria evaluation, hence increasing the accuracy of the deci-
sion taken, three Scenarios of the multi-criteria weights were
taken into account.

These three scenarios were chosen arbitrarily as follows: -

Scenario No. 1 (W, =47%, W,=20%, W5=17%,
W,=16%).

Scenario No. 2 (W, =25%, W,=25%, W5=25%,
W,=25%).
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Table 5 Sustainability matrix of
MSW treatment techniques

Technique (alternative) Dimension (criterion)

Alternatives scoresfor each scenario

0

Environmental Social dimen- Economic technical
dimension (j=1) sion (j=2) dimension (j=3) Dimension
=4
MSW landfill Technique (i=1) 21 12 11 11
RSS technique (i=2) 24 12 13 9
MREF technique (i=3) 23 12 13 9
Composting technique (i =4) 26 9 13 7
AD technique (i=5) 18 6 7 4
MBI technique (i=6) 25 7 7
Total score 137 58 50 47
mNo.(1) mNo.(2) ®No.(3) 2 03 ENo.(1) WNo.2) HNo.(3)
g 08
8
9 07
S
8 06
2 os
[
‘8' 0.4
§ 03
s 02
£
o 0.1
g o [ 18
A4 AS A6 Al A2 A3 A4 A5 A6

1
0.9
0.8
0.7
0.6
0.5
0.4
03
0.2
0.1

Al A2 A3

Alternative

Fig.3 Alternatives Scores for each Scenario resulting from WSM
method

EmNo.(1) mNo.(2) mNo.(3)

1
0.9
0.8
0.7
0.6
0.5
0.4
03
0.2
0.1

Al A2 A3 Ad AS A6

Alternatives scores for each scenario

0

Alternative

Fig.4 Alternatives Scores for each Scenario resulting from the WPM
method

Scenario No. 3 (W, =35%, W,=25%, W;=25%,
W,=15%).

Alternative

Fig.5 Alternatives Scores for each Scenario resulting from TOPSIS
method

MCDA/WSM method

Applying Eq. 2 to the matrix presented in Table 5(and
after the substitution of characters) results a normalized
matrix (NM), for the interested reader this matrix is dis-
played in Appendix 1 as an attachment. Applying Eq. 1 to
the (NM) and the weights in scenarios 1, 2, and 3 results in
the alternatives scores according to scenarios as depicted
in Fig. 3.

MCDA/WPM method

Applying Eq. 3 to the (NM) mentioned in the (MCDA/WSM
method) section yielded the alternatives scores according
to the scenarios resulting from the WPM method. Figure 4
depicts these scores.

* @ Springer
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MCDA/TOPSIS method

Applying Eq. 4 to the matrix presented in Table 5 (and after
the substitution of characters) results the normalized matrix
(r;), this matrix is presented in Appendix 1 as an attachment.

Applying Egs. (5,7, 8 and 9) to the data presented in the
normalized matrix (r;) and varying the weights according
to the three scenarios resulted in the similarity to the worst
condition( Sample Calculations are presented in Appendices
2 and 3). Similarity to the worst condition in Scenario No.1
for all treatment techniques is as follows: -

Siw=0.66, S,yw=0.80, S;w=0.75, S,y =0.69,
Ssw=0.06, S =0.48.

The above results of similarity indicate that the second
alternative (RSS treatment technique) is far away from the
worst condition, while the fifth alternative (AD treatment
technique) is very close to the worst condition. Figure 5
depicts the results for the 3 Scenarios.

The calculated average values of scores for the 3 methods
and the 3 Scenarios are summarized as follows: -

A;=0.84,A,=0.896, A;=0.874, A,=0.813, A;=0.397,
and Ag=0.584.

Figures 3, 4 and 5 and the calculated average values of
scores (for the 3 methods and the 3 Scenarios) agree that
alternative (A,), RSS treatment technique is the most sus-
tainable alternative in Iraq, and that alternative (As), the AD
treatment technique is the worst alternative in Iraq. Also, it
is obvious that (A;), the MRF technique is a good substitute
for the RSS treatment technique here in Iraq.

Comparing the above results with the results of refer-
ences, (Wang et al. 2018; Gaur et al. 2022; Coban et al.
2018), as prescribed in the [Introduction/page 3], it is evi-
dent that these studies reached to a different option of MSW
treatment techniques. This is anticipated as the frame work
procedure of MCDA in the current study differs from other
studies, also the four dimensions with their indicators and
the characteristics of MSW vary according to the geographic
location around the world. To be specific the Technical
Dimension was not studied by most of the recent literature.

The results also show that the current plans and actions
utilised by the Mayoralty of Baghdad (Baghdad 2016),
through using landfills to treat MSW(as prescribed in the
Introduction/page 2) must be substituted with the RSS treat-
ment or MRF treatment techniques.

Conclusion

The results indicate that sustainability of MSW treatment
in Iraq/Baghdad is directly related to the (Environmental,
Social, Economic, and Technical) Dimensions, in a vari-
able contribution: [ (46.9%) for Environmental, (19.9%)

* @ Springer

for Social, (17.1%) for Economic, and (16.1%) for Techni-
cal], and that the environmental dimension gained the larg-
est impact, technical dimension gained the least impact on
sustainability, noting that the technical term has proved its
impact on sustainability. For the selected sample (in Iraq/
Baghdad), out of the six studied MSW treatment techniques
the scores[resulting from the three methods of MCDA
(WSM, WPM, and TOPSIS) and in the presence of three
scenarios of the multi-criteria weights] were summarized
as follow: RSS (0.896), MRF (0.874), Landfill (0.84), Com-
posting (0.813), MBI (0.584), and AD (0.397), it was con-
cluded that the RSS technique was the most sustainable,
while the AD technique was the least sustainable, that MRF
technique might become a good substitute to the RSS tech-
nique. The authors recommend that Mayoralty of Baghdad
must change the plans of MSW management and to migrate
the use of Landfill treatment technique to RSS treatment or
MREF treatment techniques, to carry out the study on a larger
sample with more than three scenarios (covering more than
one Governorate in Iraq) to increase the confidence limits
of the results, reducing the error term, which will enhance
the decision making, finally the authors recommend to apply
the framework to Countries around the World (especially the
neighbours of Iraq).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13762-022-04642-6.

Acknowledgements The authors would like to express their deepest
gratitude to the Ministry of Construction, Housing, Municipalities and
Public Works/Iraq and the Mayoralty of Baghdad for their complete
cooperation and providing the required statistical data and information
needed during the course of this research.

Funding No funding was received.

References

Alam P, Sharholy M, Khan AH, Ahmad K, Alomayri T, Radwan N,
Aziz A (2022) Energy generation and revenue potential from
municipal solid waste using system dynamic approach. Chem-
osphere 299:134351

Alhumid HA, Haider H, Alsaleem SS, Shafiquzamman M, Sadiq R
(2019) Performance indicators for municipal solid waste manage-
ment systems in Saudi Arabia: selection and ranking using fuzzy
AHP and PROMETHEE II. Arab J Geosci 12(1):23

Baghdad MO (2016) Yearly Statistical Reports. Mayoralty of Baghdad
(in Arabic)

Banch TJ, Hanafiah MM, Amr SSA, Alkarkhi AF, Hasan M (2020)
Treatment of landfill leachate using palm oil mill effluent. Pro-
cesses 8:601

Batista M, Caiado RGG, Quelhas OLG, Lima GBA, Leal Filho W,
Yparraguirre ITR (2021) A framework for sustainable and inte-
grated municipal solid waste management: barriers and critical
factors to developing countries. J Clean Prod 312:127516

Blair J, Mataraarachchi S (2021) A review of Landfills, waste and the
nearly forgotten Nexus with climate change. Environments 8:73


https://doi.org/10.1007/s13762-022-04642-6

International Journal of Environmental Science and Technology

Carcamo EAB, Pefiabaena-Niebles R (2022) Opportunities and chal-
lenges for the waste management in emerging and frontier coun-
tries through industrial symbiosis. J Clean Prod 363:132607

Chowdhury A, Naz A, Chowdhury A (2021) Waste to resource: appli-
cability of fly ash as landfill geoliner to control ground water pol-
lution. Mater Today: Proc 60:8—-13

Coban A, Ertis IF, Cavdaroglu NA (2018) Municipal solid waste man-
agement via multi-criteria decision making methods: A case study
in Istanbul, Turkey. J Clean Prod 180:159-167

Cobos-Mora SL, Guaman-Aucapifia J, Zafiga-ruiz J (2022) Suitable
site selection for transfer stations in a solid waste management
system using analytical hierarchy process as a multi-criteria deci-
sion analysis: a case study in Azuay-Ecuador. Environ Dev Sus-
tain. https://doi.org/10.1007/s10668-022-02134-8

Coskun SS, Kumru M, Kan NM (2022) An integrated framework for
sustainable supplier development through supplier evaluation
based on sustainability indicators. J Clean Prod 335:130287

da Silva L, Prietto PDM, Korf EP (2019) Sustainability indicators for
urban solid waste management in large and medium-sized world-
wide cities. J Clean Prod 237:117802

Deus RM, Bezerra BS, Battistelle RAG (2019) Solid waste indicators
and their implications for management practice. Int J Environ Sci
Technol 16:1129-1144

Deus RM, Mele FD, Bezerra BS, Battistelle RAG (2020) A munici-
pal solid waste indicator for environmental impact: assessment
and identification of best management practices. J Clean Prod
242:118433

Ding Y, Zhao J, Liu J-W, Zhou J, Cheng L, Zhao J, Shao Z, Iris C,
Pan B, Li X (2021) A review of China’s municipal solid waste
(MSW) and comparison with international regions: Management
and technologies in treatment and resource utilization. J Clean
Prod 293:126144

Eskandari M, Homaee M, Falamaki A (2016) Landfill site selection
for municipal solid wastes in mountainous areas with landslide
susceptibility. Environ Sci Pollut Res 23:12423-12434

Ferraro A, Farina I, Race M, Colangelo F, Cioffi R, Fabbricino M
(2019) Pre-treatments of MSWI fly-ashes: a comprehensive
review to determine optimal conditions for their reuse and/or
environmentally sustainable disposal. Reviews in Environmental
Science and Bio/technology 18:453-471

Fratta KDDSA, Toneli JTDCL, Antonio GC (2019) Diagnosis of the
management of solid urban waste of the municipalities of ABC
Paulista of Brasil through the application of sustainability indica-
tors. Waste Manage 85:11-17

Gaur A, Prakash H, Anand K, Kumar G, Hussain A (2022) Evalua-
tion of municipal solid waste management scenarios using multi-
criteria decision making under fuzzy environment. Proc Int Optim
Sustain 6:307-321

Graca J, Murphy B, Pentlavalli P, Allen CC, Bird E, Gaffney M, Dug-
gan T, Kelleher B (2021) Bacterium consortium drives compost
stability and degradation of organic contaminants in in-vessel
composting process of the mechanically separated organic fraction
of municipal solid waste (MS-OFMSW). Bioresource Technology
Reports 13:100621

Huang D, Du Y, Xu Q, Ko JH (2022) Quantification and control of
gaseous emissions from solid waste landfill surfaces. J Environ
Manage 302:114001

Jabeen F, Adrees M, Ibrahim M, Mahmood A, Khalid S, Sipra HFK,
Bokhari A, Mubashir M, Khoo KS, Show PL (2022) Trash to
energy: a measure for the energy potential of combustible content
of domestic solid waste generated from an industrialized city of
Pakistan. J Taiwan Inst Chem Eng 137:104223

Jeswani HK, Azapagic A (2016) Assessing the environmental sustain-
ability of energy recovery from municipal solid waste in the UK.
Waste Manage 50:346-363

Jovanovic S, Savic S, Jovicic N, Boskovic G, Djordjevic Z (2016)
Using multi-criteria decision making for selection of the optimal
strategy for municipal solid waste management. Waste Manage
Res 34:884-895

Juca J, Barbosa K, Sobral M (2020) Sustainability indicators for
municipal solid waste management: A case study of the Recife
Metropolitan Region, Brazil. Waste Manage Res 38:1450-1454

Kurniawan TA, Liang X, O’callaghan E, Goh H, Othman MHD, Avtar
R, Kusworo TD (2022) Transformation of solid waste manage-
ment in China: moving towards sustainability through digitaliza-
tion-based circular economy. Sustainability 14:2374

Lim SL, Lee LH, Wu TY (2016) Sustainability of using composting
and vermicomposting technologies for organic solid waste bio-
transformation: recent overview, greenhouse gases emissions and
economic analysis. J Clean Prod 111:262-278

Lin C, Cheruiyot NK, Bui X-T, NGO, H. H. (2022) Composting and
its application in bioremediation of organic contaminants. Bioen-
gineered 13:1073-1089

Liu B, Zhang L, Wang Q (2021) Demand gap analysis of municipal
solid waste landfill in Beijing: based on the municipal solid waste
generation. Waste Manage 134:42-51

Olay-Romero E, Turcott-Cervantes DE, Consuelo M, del Hernandez-
Berriel A, de Cortazar ALG, de Cuartas-Hernandez M, La-Rosa-
Goémez I (2020) Technical indicators to improve municipal solid
waste management in developing countries: a case in Mexico.
Waste Manage 107:201-210

Olujobi OJ, Ufua DE, Okorie UE, Ogbari ME (2022) Carbon emis-
sion, solid waste management, and electricity generation: a
legal and empirical perspective for renewable energy in Nige-
ria. Int Environ Agreem Pol Law Econ. https://doi.org/10.1007/
$10784-021-09558-z

Omran II, Al-Saati NH, Al-Saatl HH, Hashim KS, Al-Saati ZN (2021)
Sustainability assessment of wastewater treatment techniques in
urban areas of Iraq using multi-criteria decision analysis (MCDA).
J Water Practice Technology 16:648—-660

Paes MX, de Medeiros GA, Mancini SD, Bortoleto AP, de Oliveira
JAP, Kulay LA (2020) Municipal solid waste management: Inte-
grated analysis of environmental and economic indicators based
on life cycle assessment. J Clean Prod 254:119848

Rasheed T, Anwar MT, Ahmad N, Sher F, Khan SU-D, Ahmad A,
Khan R, Wazeer I (2021) Valorisation and emerging perspective
of biomass based waste-to-energy technologies and their socio-
environmental impact: A review. ] Environ Manage 287:112257

Sadhya H, Mansoor Ahammed M, Shaikh IN (2022) Use of multi-
criteria decision-making techniques for selecting waste-to-energy
technologies. In: International Conference on Chemical, Bio and
Environmental Engineering, 2022. Springer, 505-527

Schneider P, Limmel A, Schmitt A, Nam NP, Anh LH (2017) Current
and future solid waste management system in Northern Viet Nam
with focus on Ha Noi: climate change effects and landfill manage-
ment. ] Mater Cycles Waste Manage 19:1106-1116

Simsek E, Demirel YE, Ozturk E, Kitis M (2022) Use of multi-criteria
decision models for optimization of selecting the most appropriate
best available techniques in cleaner production applications: A
case study in a textile industry. J Clean Prod 335:130311

Siqueira MB, Monteiro Filho A (2021) Hybrid concentrating solar-
landfill gas power-generation concept for landfill energy recovery.
Appl Energy 298:117110

(]
’r @ Springer


https://doi.org/10.1007/s10668-022-02134-8
https://doi.org/10.1007/s10784-021-09558-z
https://doi.org/10.1007/s10784-021-09558-z

International Journal of Environmental Science and Technology

Soltani A, Hewage K, Reza B, Sadiq R (2015) Multiple stakeholders in
multi-criteria decision-making in the context of municipal solid
waste management: a review. J] Waste Management 35:318-328

Su 'Y, Zhang Z, Zhu J, Shi J, Wei H, Xie B, Shi H (2021) Microplastics
act as vectors for antibiotic resistance genes in landfill leachate:
the enhanced roles of the long-term aging process. Environ Pollut
270:116278

Vassanadumrongdee S, Kittipongvises S (2018) Factors influencing
source separation intention and willingness to pay for improving
waste management in Bangkok, Thailand. Sustain Environ Res
28:90-99

Vucijak B, Kurtagi¢ SM, Silajdzi¢ 1 (2016) Multicriteria decision
making in selecting best solid waste management scenario: a
municipal case study from Bosnia and Herzegovina. J Clean Prod
130:166-174

Vyas S, Prajapati P, Shah AV, Varjani S (2022) Municipal solid waste
management: Dynamics, risk assessment, ecological influence,
advancements, constraints and perspectives. Sci Total Environ
814:152802

Wang D, Tang Y-T, Sun Y, He J (2022) Assessing the transition of
municipal solid waste management by combining material flow
analysis and life cycle assessment. Resour Conserv Recycl
177:105966

o’
’r @ Springer

Wang Z, Ren J, Goodsite ME, Xu G (2018) Waste-to-energy, municipal
solid waste treatment, and best available technology: Comprehen-
sive evaluation by an interval-valued fuzzy multi-criteria decision
making method. J Clean Prod 172:887-899

Zhang J, Qin Q, Li G, Tseng C-H (2021) Sustainable municipal waste
management strategies through life cycle assessment method: A
review. J Environ Manage 287:112238

Zhang Z, Malik MZ, Khan A, Ali N, Malik S, Bilal M (2022) Environ-
mental impacts of hazardous waste, and management strategies
to reconcile circular economy and eco-sustainability. Sci Total
Environ 807:150856

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



	A new framework for assessing the sustainability of municipal solid waste treatment techniques applying multi-criteria decision analysis
	Abstract
	Introduction
	Materials and methods
	Study area and data collection
	Sustainability of MSW treatment techniques
	Multi-criteria decision analysis (MCDA)
	MCDAweighted sum model (WSM)
	Weighted product model (WPM)
	Technique for order of preference by similarity to ideal solution (TOPSIS)

	Results and discussion
	MCDAWSM method
	MCDAWPM method
	MCDA TOPSIS method

	Conclusion
	Acknowledgements 
	References




