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ABSTRACT Incorporating numerous technical, economic, environmental, and social benchmarks makes
multi-criteria decision-making (MCDM) a reliable decision-making tool in sustainable development.
To achieve sustainability target six, related to clean water and sanitation, wastewater technology comes into
play. They bring complicated scenarios with several indicators, criteria, and conflicting objectives. This
article provides a thorough review of MCDM methods, including pure techniques such as AHP, TOPSIS,
VIKOR, ELECTRE, and others, as well as hybrid MCDM approaches like the non-structural fuzzy decision
support system (NSFDSS) in conjunction with Artificial Neural Network (ANN), applied to wastewater
treatment technologies or processes to remove water contamination. This review draws upon articles sourced
from the “Scopus™ and “Web of Science (WoS)”* databases, covering the period from 2015 to 2023. The
primary aim of this endeavor is to offer a current and comprehensive review of the literature about MCDM
to aid researchers and environmental engineers in their quest to identify the most appropriate techniques for
tackling the complex challenges associated with wastewater treatment (WWT). The results demonstrate the
versatile application of MCDM in various scenarios to remove water contaminants effectively. For example,
these applications encompass assessing the efficacy of adsorbents for the removal of pollutants and effluents
from wastewater, determining the optimal WWT technology from a range of alternatives, evaluating the
performance of both metallic (such as ZnO and MnO) and non-metallic (like activated carbon) nanomaterial
adsorbents, and scrutinizing strategies to minimize water consumption. Furthermore, within the context
of specific WWT technologies, MCDM identifies and highlights critical criteria that are instrumental in
enhancing system efficiency for removing pollutants. Ultimately, MCDM methods represent a contemporary
decision support system. In future research, the potential utilization of MCDM can extend to tracking
the environmental impacts of nanomaterial adsorbents released from treatment plants into the surrounding
ecosystem.

INDEX TERMS Multi-criteria decision-making, wastewater treatment, water pollution, AHP, TOPSIS.

I. INTRODUCTION decades. Consequently, this has led to a rise in water scarcity,
It is inevitable that the global population has doubled, water pollution, and wastewater generation. Furthermore,
resulting in a significant increase in water consumption, agrochemicals, toxic dyes in the textile sector, chemi-
which is expected to continue growing over the coming cal industries, construction activities, coking wastewater,
microplastics, and untreated sewage contribute significantly

The associate editor coordinating the review of this manuscript and to environmental degradation and health issues. According to
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will inhabit regions characterized as ‘water-scarce’ [1]. The
substantial increase in water demand has created a supply
deficit, which can be mitigated through comprehensive water
management, including water recycling and treatment.

According to the 2021 report from the Central Pollution
Control Board, only 22,963 MLD (37%) of wastewater gen-
erated in India is currently being treated [2]. To achieve
the sustainable goal of ‘Clean Water and Sanitation,’ it is
imperative to establish appropriate, effective, and affordable
surface water and WWT methods. Water treatment involves
removing contaminants from sewage or used water, ensuring
that it is converted into effluents free from toxins before being
released into the environment. This is especially critical when
dealing with water containing recalcitrant contaminants [3].

Various methods are employed for water and wastewater
treatment, including nanofiltration, biological treatment, acti-
vated carbon adsorption, ultrafiltration, reverse osmosis, and
sedimentation. Figure 1 illustrates different types of water
treatment plants.

| Agricultural Waste water
Treatment

Sewage Treatment
Plants(STPs)

Waste Water Treatment

(WWTP) |

Effluent Treatment
Plants (ETPs)

Demineralization (DM)
Treatment Plants

Reverse Osmosis (RO)
Water Treatment

Types of Water treatment

| Common and Combined
Effluent treatment plants|

] Others

FIGURE 1. Types of water treatment.

Different treatments operate on different mechanisms.
Water treatment can be classified as physical, chemical,
physicochemical, and biological [4]. These treatments are
used based on the need or contaminants present in surface
water or wastewater. For example, nanofiltration utilizes
a semipermeable membrane capable of removing bacteria
and various multivalent ions. The membrane’s pore size
can be adjusted in response to the effluents present in the
water [5], [6]. Figure 2 illustrates the classifications of phys-
ical, chemical, biological, and physico-chemical treatment
methods. The treatment stages for wastewater are typically
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FIGURE 2. Classification of water treatment.

divided into preliminary, primary, secondary, and tertiary pro-
cesses, each targeting the removal of different contaminants.
Water can be treated using a variety of operations (based on
physical forces) and processes (involving chemical forces),
depending on the treatment level [7].

Across the globe, water is becoming contaminated due
to the production and discharge of industrial effluents.
Traditional water treatment methods are often ineffective
against these industrial effluents. In recent years, there has
been a growing interest in using various types of nanoma-
terials as part of emerging technologies [8]. This is why
several activated carbon nanomaterials have been developed
and employed to mitigate environmental pollutants [9].

While nanotechnology-based treatments offer significant
advantages for eliminating emerging contaminants [10],
researchers must also emphasize the selection of the appro-
priate nanomaterial, considering various criteria for which
MCDM techniques have proven to be beneficial. For exam-
ple, Badawi et al. [11] applied MCDM to determine the
optimal nanomaterial adsorbent, choosing between nano-
zero-valent iron (nZVI) and activated carbon (AC).

Discharging untreated or inadequately treated wastewa-
ter can negatively impact three significant sectors: human
health, the environment, and economic activity [12]. Even
when treatment solutions are technically advanced, econom-
ically viable, and incorporate appropriate safety measures,
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the risk of failure remains due to insufficient consideration
of technical, economic, social, and environmental criteria.
Water treatment technologies are intricate systems with
specific treatment methods designed to degrade particular
contaminants or toxins. Consequently, different criteria are
associated with various types of treatment technologies, and
the performance of these technologies may vary based on
different factors. To address these criteria, decision support
systems, such as MCDM techniques, come into play. These
methodologies are widely employed to manage complex sys-
tems involving conflicting criteria, uncertainty, and multiple
objectives.

MCDM approaches have continually evolved and
expanded, progressing from single MCDM approaches to
fuzzy and hybrid decision-making methods [13]. Broadly,
MCDM can be categorized into three types: ‘Single MCDM,’
‘Fuzzy MCDM, and ‘Hybrid MCDM,’ as illustrated in
Figure 3. Single approaches like AHP and TOPSIS have
found extensive use not only in sustainability develop-
ment [14] but also in engineering [15], energy manage-
ment [16], and science. On the other hand, fuzzy MCDM and
hybrid MCDM approaches are gaining popularity due to their
applicability and ability to handle the uncertainty inherent in
criteria, particularly those associated with complex systems
like sustainability criteria. Since water treatment systems are
complex, they involve multiple decision-making processes
at various levels. MCDM approaches can be applied to
various decision-making tasks, including adsorbent selection,
wastewater reuse technology selection, site location selec-
tion, and water quality index analysis. Moreover, MCDM is
adept at addressing uncertainty, ambiguity in expert assess-
ments, and real-world parameter variations, making it an ideal
tool for decision-making in numerous fields of sustainable
development, including waste management [18].

Types of
MCDM
1
[ 1 ]
Single Fuzzy Hybrid
Approaches MCDM MCDM

FIGURE 3. Classification of MCDM Methods.

MCDM has proven to be an effective tool for addressing
a wide array of water treatment issues in various situations.
In recent years, numerous studies have concentrated on the
applicability of MCDM in tackling water treatment chal-
lenges. This article comprehensively evaluates these studies
published between 2015 and 2023. MCDM models based
on water treatment technologies are considered successful
Decision Support Systems (DSS). This study aims to evaluate
the potential of MCDM models for selecting the most suitable
water treatment technology.
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The following research questions (RQ) are raised and
answered in this study:

QIl: Why is AHP widely applied in the field of water
treatment?

Q2: What are the various applications of MCDM tech-
niques used in the field of water treatment, encompassing
both surface water treatment and wastewater treatment, dur-
ing the period from 2015 to 20237

Q3: What are the strengths, drawbacks, and robustness of
MCDM in water treatment?

Q4: What is the scope of MCDM in water treatment based
on nanotechnology?”’

A. EXISTING REVIEW

Notably, the present study is the first to investigate the
effectiveness of MCDM methods in water treatment, encom-
passing both surface water and wastewater treatment, while
considering technical, social, economic, environmental, and
sustainability criteria. Rakshit et al. [19] authored a review
article on MCDM and its application to various wastewater
treatment issues. They briefly discussed selected MCDM
methods, such as AHP, TOPSIS, DEMATAL, ANP, EDAS,
and PROMETHEE, illustrating their use in decision-making
for wastewater treatment (WWT). A limited portion was
covered in [13] regarding MCDM for wastewater treatment
technology.

Greater emphasis has been placed on the overall decision
support system employed in wastewater treatment (WWT)
technology. However, in this literature review, the author has
provided an extensive overview of almost all the MCDM
methods used for water treatment, whether WWT or surface
water treatment. This review will aid researchers in gaining
insight into the various MCDM methods, including sin-
gle MCDM approaches, fuzzy MCDM, and coupled/hybrid
MCDM, used in water treatment, whether for criteria selec-
tion or location. Table 1 outlines the diverse methods and
treatments, along with the criteria considered for the treat-
ment, acknowledging that the quest for the optimal MCDM
procedure for selection problems may remain ongoing. Thus
far, no comparable studies on MCDM techniques for water
treatment have been documented, and it is expected that
the aforementioned study will serve as a foundational and
pioneering work for other experts in the field.

This study is structured into nine sections, including
Section I, which provides a brief introduction to water
treatment technology and MCDM methods, along with an
overview of existing review papers and our contribution.
Section II describes the data collection process. Section III
focuses on Single Approaches/MCDM for the treatment
of water pollutants. Section IV highlights Fuzzy MCDM
for wastewater treatment. Section V discusses the signifi-
cance of hybrid multi-criteria Decision-making Approaches
in WWT. Section VI presents additional applications of
MCDM methods in WWT. A bibliometric analysis is pre-
sented in Section VII. Section VIII delves into the findings
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TABLE 1. Existing review information.

Number
Author of articles | Technology | Journal
reviewed
International
Journal of
. Waste Water
Rakshit et al. [19],2021 | 33 Research
treatment L.
Publication
and Review
. Wastewater | Bioresource
Mannina et al. [20], 2022 | 157
treatment technology

and suggests future directions. Finally, Section IX offers the
conclusion.

Il. INFORMATION COLLECTION

To begin, studies that used MCDM in water treatment were
identified using databases such as Scopus, WoS, ScienceDi-
rect, and Google Scholar by using combined keywords such
as “Multi-criteria Decision Making and Water Treatment,”
“Fuzzy MCDM and Water Treatment,” “Hybrid MCDM
and Water Treatment,” ‘“Multi-criteria Decision Making
and Water Pollution,” “Multi-criteria Decision Making and
Waste Water Treatment.” As a result of data extraction and
filtering from the mentioned sources, a total of 119 publi-
cations were found to be suitable for systematic literature
review out of a total of 183 publications. The period taken for
the literature review is 2015-2023. Impact factors and Journal
citation reports are considered while collecting the research
papers.

A. INCLUSION AND EXCLUSION METHODOLOGY

Table 2 displays the entire inclusion and exclusion param-
eter set. As a result, the relevant research publications for
the review were identified and assessed using “‘inclusion
and exclusion criteria.” The following factors were taken
into consideration: 1) Exclusion of non-English publications;
2) Exclusion of sustainable treatments other than Table 2:
Inclusion and exclusion considered parameters water treat-
ment; and 3) Implementation of at least one single MCDM,
fuzzy MCDM, and Hybrid/coupled MCDM framework.
Finally, 119 papers met the requirements and are included in
this evaluation.

B. OVERVIEW OF REVIEWED RESEARCH PUBLICATIONS

An analysis of the reviewed studies has revealed that the
utilization of MCDM techniques in water treatment systems
can be categorized into four distinct groups. The first cat-
egory involves the application of MCDM methods for the
selection of water treatment technologies. In this category,
MCDM methods initially assess the significance of deci-
sion criteria, such as accessibility, reuse potential, adsorption
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TABLE 2. Inclusion and exclusion criteria.

Information | Including Excluding | justification
Fuzzy
MCDM’ Or.lly .Multl- Not clearly
single criteria stated Review
approach decision-
MCDM making i\e/:lcchlr?il\/{les theme
And coupled methods q
MCDM
Not much
work has
Before been done on
Time period 2015-2023 MCDM-
2015
based water
treatments
before 2015
Surface water
and wastewater According to
L treatment, .
Applications - the review
water theme
treatment, and .
nanotechnology
Type of Scopus, WOS, Due to
database Science Direct authenticity
Decision The article has Different .
. DSS other Review
Support a section on than theme
System MCDM MCDM

capacity, environmental safety, human safety, material cost,
and equipment cost, before prioritizing various water treat-
ment technologies. Commonly employed water treatment
methods include nanofiltration membranes, ion exchange,
adsorption processes, electrodialysis, and reverse osmosis.

Secondly, MCDM methods are employed to select a suit-
able site for both surface water treatment and wastewater
treatment technologies from a range of alternatives. In this
category, MCDM techniques are applied to assess geograph-
ical (territorial) and sustainability criteria, facilitating the
ranking of potential location options. In particular research
studies, MCDM methods are coupled with Geographic Infor-
mation Systems (GIS) to enhance the precision and reliability
of the location selection process. Thirdly, the MCDM frame-
work has been used to choose the optimal adsorbent material
from the available material alternatives for specific water
or wastewater treatment. Finally, the remaining publications
have utilized MCDM for technologies related to reduced
water consumption, water quality index, water supply alter-
natives, etc.

The literature review primarily concentrated on three types
of multi-criteria decision frameworks, as depicted in Figure 3.
Meanwhile, Figure 4 illustrates the categories in which
MCDM was employed. A brief review of single MCDM
approaches, fuzzy MCDM, and hybrid MCDM is provided
in the following sections, followed by discussions of the
applications of MCDM, findings, and, lastly, conclusions and
future directions. Therefore, 121 publications were compre-
hensively analyzed and selected from research publications.
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Categories in water

treatment MCDM
H'

FIGURE 4. Categories in which MCDM was utilized.

IIl. SINGLE APPROACHES/MCDM FOR THE TREATMENT
OF WATER POLLUTANTS

MCDM is a concept that enables the selection of the best
alternative from a set of choices by weighing them against
various criteria [21]. To address problems involving multiple
criteria, a plethora of MCDM methods have been devel-
oped, such as AHP, TOPSIS, PROMETHEE, VIKOR, and
ELECTRE. MCDM methods are systematic and can be
applied depending on the criteria considered, types of alter-
natives, decision-makers, and ordering preferences [22].
Decision-making techniques are extensively used to deter-
mine appropriate solutions to various environmental prob-
lems, identify the optimal renewable energy sources, evaluate
wastewater treatment system performance, and identify sig-
nificant criteria for optimizing system efficiency [23]. Among
the variety of MCDM techniques, AHP is often employed
in environmental and sustainability issues and consists of
weighting and ranking procedures [24], [25].

AHP was implemented to calculate the frequency of
water quality sampling, marking the first instance in which
Do et al. [26] applied MCDM to calculate water quality
sampling frequency. They calculated the weights of five vari-
ables at each monitoring station and used these weights to
determine the sampling frequency. Ultimately, a system for
determining the frequency of river water quality sampling
for numerous stations and variables was developed using
AHP [26].

Ozturk and Cinperi [27] combined AHP with weight
sum (WSM), criteria weighting (CWM), and a simple rank-
ing method (SRM) to select the best alternatives from
82 minimization techniques for reducing water consumption,
wastewater generation, and water pollutants in woolen textile
mills. After evaluating these techniques based on AHP, only
nine minimization techniques were considered and imple-
mented. Anaokar et al. [28] implemented TOPSIS for the
performance evaluation of municipal wastewater treatment
plants.

AHP is widely used in sustainability development and
employs a hierarchy process in which alternatives are
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considered at the top level, followed by criteria and
sub-criteria. AHP is a practical method for organizing and
analyzing multi-criteria decisions by quantifying the weight
of various indices through relative comparisons [29]. AHP
creates a hierarchical framework that facilitates a com-
prehensive understanding of the overarching goal to be
achieved [24]. This model is characterized by its simplicity
and well-defined structure, comprising goal layers, criteria
layers, and alternative solutions. AHP finds applications in
a wide array of judgment scenarios, as demonstrated by
studies such as those conducted by Rajak and Shaw [30] and
Arif et al. [31].

To rank biological treatments for coke wastewater (CW)
from the available alternatives, Wei et al. [32] applied
AHP. Technical, economic, administrative, and environmen-
tal criteria, including eighteen sub-criteria, were considered.
The results revealed that the technical factor was the most
significant in the criteria layers, and a sensitivity and
variability analysis of AHP was presented. Skoczko and
Oszczapiniska [33] and Shafaghat et al. [34] used conven-
tional AHP techniques to evaluate and select the most suitable
wastewater treatment (WWT) technology for diverse urban
and industrial wastewater scenarios. The integration of AHP
with other software, such as GIS-AHP and SWOT-AHP,
is also prevalent in water treatment systems [34]. Given the
variations in capacity and operating processes among dif-
ferent STTs, traditional methods often struggle to address
such multi-scenario problems. AHP enables descriptive and
analytical assessments by representing criteria in terms of
weights and conducting consistency checks to eliminate
biased decision-making [35], [36].

On the other hand, for WWT/STT and water con-
tamination removal, MCDM-based methods are frequently
employed. Decision-makers must consider ecological friend-
liness, affordability, carbon neutrality, and reliability in addi-
tion to functionality. Munasinghe-Arachchige et al. [37] used
the Preference Ranking Organization Method for Enrichment
of Evaluations (PROMETHEE) to evaluate five different
sewage treatment systems against fifteen criteria. It was also
employed to identify system drawbacks and gain insights into
alternative sewage systems. Gichamo et al. [38] proposed the
VIKOR method to rank natural wastewater treatment tech-
niques from best to worst. Similarly, Chaisar and Garg [39]
used AHP to select the appropriate STT for Delhi, India,
considering thirteen sustainability criteria, including social,
economic, and horticultural suitability.

IV. FUZZY MCDM FOR WASTEWATER TREATMENT

Methods of MCDM are also categorized as either traditional/
conventional or fuzzy [40]. When dealing with linguistic
uncertainty, MCDM techniques are often considered insuffi-
cient. Fuzzy MCDM methods were proposed to address com-
plex scenarios with uncertain factors. Fuzzy sets are an appro-
priate method to overcome vagueness [41]. Using MCDM
approaches in conjunction with fuzzy theory allows for more

VOLUME 11, 2023



T. Sharma et al.: Wastewater Treatment and Multi-Criteria Decision-Making Methods: A Review

IEEE Access

concrete outcomes. In fuzzy set theory, membership functions
and fuzzy numbers are effective in handling vagueness, such
as trapezoidal, sigmoid, triangular, and Gaussian [17]. These
functions are utilized in decision-making to obtain realistic
results.

Some authors have worked on the degradation of specific
toxins by selecting the best treatment technique, as seen
in the case of Debnath et al. [42], who aimed to remove
cyanobacteria. They applied the fuzzy-ELECTRE decision
methodology to select an effective treatment technique from
the considered alternatives. Kamali and Persson [43] con-
sidered sustainability criteria to assess nanomaterials for the
treatment of industrial effluents, incorporating the fuzzy-
delphi method. They considered general technical, economic,
social, and environmental criteria, as well as criteria related
to nanotechnology. Using the fuzzy-Delphi method, the
authors also identified and ranked the sustainability crite-
ria significant for selecting industrial wastewater treatment.
Similarly, Kamali and Costa [44] utilized the MCDM-based
fuzzy-Delphi method to rank nine wastewater treatment tech-
nologies categorized into two processes: physicochemical
and biological. According to the fuzzy-Delphi technique,
technical criteria, especially treatment efficiency and health
and safety issues in the WWT plant, were the most relevant.

To evaluate and analyze the optimal wastewater treatment
technology for removing toxic elements from wastewater
before releasing it into the environment, Yahya et al. [45]
proposed the Fuzzy PROMETHEE decision-making method
based on certain factors. The study showed that nanofiltration
is more reliable than other treatment techniques. A sub-
stantial amount of work has been conducted in sustainable
development to select the best WWT technology, considering
multiple criteria. Some authors consider or eliminate spe-
cific criteria to analyze the treatment plant’s performance,
efficiency, risk assessment, and cost-effectiveness [46], [47],
[48], [49].

To identify significant criteria and remove pollutants
(pharmaceutical-activated compounds - PhAC), Fernandez-
Loépez et al. [50] utilized the fuzzy TOPSIS decision approach
in different WWT plants to assess MBR and CAS technolo-
gies. Mahammad and Islam [51] used FAHP to calculate
the groundwater quality index (GWQI) of the Damodar Fan
Delta, West Bengal. Twelve physiochemical parameters were
examined and assigned weights through pairwise comparison
using the fuzzy triangular number scale. Singh et al. [52]
demonstrated the analysis of water quality data (2011-
2016) for five upper Ganga river stations, namely Kanpur,
Prayagraj, Varanasi, Haridwar, and Bareilly, based on the
Fuzzy AHP approach, considering physical, biological, and
chemical parameters.

V. HYBRID MCDM APPROACHES IN WWT

Hybrid methods have been introduced to address random-
ness in assigning weights to criteria associated with vari-
ous decision-making problems. Hybrid methods offer high
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flexibility due to integrating multiple methods, increasing
their applicability. For instance, [53], [54], [55], and [56].

Borza and Petrescu [57] identified the least and most
polluted sites on the Olt River in Romania using data from
multiple sample stations. They employed AHP and TOPSIS
approaches along with GIS software. Much research has
been conducted to identify the most critical parameters to
assist decision-makers in developing efficient water treatment
technologies/plants. For example, Saha et al. [58] proposed
a non-structural fuzzy decision support system (NSFDSS)
and ANN to determine the significant parameters. Choudhury
and Saha [59] identified the optimum location for installing
surface water treatment plants and found that the water qual-
ity index (WQI) was the crucial factor. Various literature is
available related to site selection and identifying significant
criteria/alternatives, such as [59], [60], [61], [62], [63], [64],
[65], and [66].

Azari et al. [67] proposed the fuzzy AHP-TOPSIS method-
ology to evaluate the optimal color treatment process using
carbon-based adsorbent materials. The key decision-making
criteria discovered were cost safety, accessibility, reusability,
and adsorption capacity. Comparative research was con-
ducted between nano-zero-valent iron (nZVI) and activated
carbon (AC) adsorbents to evaluate the advantages of using
these materials for textile treatment technology based on tech-
nical and sustainable criteria using TOPSIS, AHP, and SAW
MCDM methods. The study indicated that AC is superior
to nZVI based on the defined parameters and weights. Two
approaches were prepared: one with equal weight for all
criteria and another with weighted criteria using a pairwise
comparison method [11].

Majumdar et al. [68] proposed an amalgamation of two
MCDM methods named intuitionistic fuzzy BWAH used to
identify the most critical alternative for a water treatment
plant’s efficiency. They also performed sensitivity analysis
and compared this new MCDM method with seven other
decision-making methods.

GIS utilizes spatial location to combine a wide range of
geographical data. In the realm of water treatment technolo-
gies, MCDM with GIS software is used to determine optimal
site selection. For instance, Zolfaghary et al. [69] examined
the viability of using urban treated wastewater as irriga-
tion water using geographic information software (GIS) and
(MCDM). Technical, economic, and environmental criteria
were assessed. GIS software was used to construct maps
associated with the criteria. The analytical hierarchy tech-
nique (AHP) was used to calculate the weight of the criteria.
Similarly, (Dolui and Sarkar [70], Fernandesetal. [71],
Brahim et al. [72], Bilgilioglu [73], and Mukherjee et al. [74]
employed multi-criteria decision-making with GIS (GIS-
MCDM) for water treatment.

Several hybrid analyses have been performed to explore the
influence of criterion weights and for the selection of treat-
ment technology, such as combined TOPSIS and adaptive
AHP [75], Integrated AHP, OWA, ELECTRE, and TOP-
SIS [76], Internal VIKOR and Internal AHP, FMOORA,
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fuzzy objective optimization by ratio analysis, and FSWARA,
fuzzy stepwise weighted assessment ratio [3], TOPSIS and
SAW with the Aquatic environment index (AEI) [77], and
also Grey correlation analysis and TOPSIS [78], best-worst
method and BTOPSIS [79]. Ayyildiz and Ozgelik [80] uti-
lized SAW, TOPSIS, and MOORA for the prioritization of
municipal WWT.

Agarwal and Singh [62] applied an integrated MCDM
framework, Fuzzy Delphi, and hybrid fuzzy AHP to select
appropriate treatment technology. Fuzzy Delphi methods
analyzed the sustainability factors, and fuzzy AHP assessed
the alternatives and ranked them. The results demonstrated
that, in addition to technical, economic, social, and environ-
mental criteria, other factors like color removal efficiency,
construction cost, effluent suitability for reuse, and space
requirements play a significant role in the selection of Textile
Wastewater Treatment Techniques (TWWTT). These tech-
nologies were compared using sustainability indices.

VI. FEW MORE APPLICATIONS OF MCDM METHODS

IN WWT

MCDM encompasses both quantitative and qualitative tech-
niques. It assesses data using quantitative and qualitative data;
however, some approaches solely use quantitative data, while
others exclusively use qualitative data [81]. MCDM has been
widely used in various fields, taking technical, economic,
environmental, social, and sustainability criteria into account.
Several studies have employed AHP as a single approach or
as part of an integrated MCDM approach to weigh decision
criteria and evaluate alternative water treatment technologies.
This could be attributed to the simplicity and applicability of
the AHP method. Apart from AHP, other prevalent techniques
include TOPSIS, ELECTRE, PROMETHEE, and VIKOR,
as demonstrated in Table 3. It also encompasses fuzzy and
coupled/hybrid multi-criteria techniques.

Sometimes, the trade-off between criteria makes it chal-
lenging to achieve the best results. In addition to being ideal
for handling multi-criteria, MCDM has the added benefit
of being able to account for ambiguity and vagueness in
expert assessments and complex problems with parameter
variations, as seen in Fuzzy MCDM. Fuzzy MCDM is advan-
tageous when dealing with complex, uncertain problems.

In the case of sustainable water treatment development,
when sustainability criteria such as economic and social cri-
teria are included in sustainability assessments of water treat-
ment, decision-making becomes more challenging. In such
cases, the decision-making process becomes a complex
multi-criteria problem with multiple objectives and increased
conflicts. To achieve an environmentally friendly water treat-
ment system, a multi-analysis approach like MCDM can
simultaneously address problems involving environmental,
economic, and social criteria. Moreover, many publica-
tions have also conducted a sensitivity analysis to check
the robustness of the results obtained through multi-criteria
decision-making, whether a single, fuzzy, or hybrid approach.
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TABLE 3. There are a few more applications of MCDM in wastewater

treatment.
S. No Refere The main Criteria Techniqu
nce purpose of the considered es used
study
1. Hadipo | In this case study | TECH (5 | AHP
ur et al. | of Iran, an AHP- | scr), ENV (3
[82], based MCDM | scr),
2015 model was used | SOCIAL (4
to determine the | scr), ECO (4
optimal choice for | scr)
utilizing
wastewater to
reduce water
pollution.
2. Ravi et | Calculation of | Ph, SS, | Fuzzy
al. [83], | sewage water | Temp, Oil & | MCDM
2015 quality index and | Grease, TDS,
Pollution BOD,
potential of | Chlorides,
sewage treatment | Sulphates,
plants using fuzzy | COD,
MCDM approach | Ammonical
Nitrogen,
Phenolic
Compounds,
Total
Residual
chlorine
3. Dange The fuzzy | 13 criteria | Fuzzy
and Lad | MCDM approach | related to | MCDM
[47], is applied to | water
2015 govern SWQI for | contaminants
a sewage
treatment system
4. Chauha | Choosing a | Distance, Fuzzy
n and | sustainable site | Land, AHP,
Singh for a medical | sensitivity Fuzzy
[84], waste  disposal | towards the | TOPSIS
2016 facility environment,
area covered
by healthcare
waste, waste
disposable
site, cost,
road
condition,
quantity  of
healthcare
waste
5. Dursun | Water treatment | Reliability, Fuzzy
[85], evaluation using | Manpower VIKOR
2016 fuzzy multi- | requirement,
criteria analysis land
requirement,
Eutrophicati
on potential,
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TABLE 3. (Continued.) There are a few more applications of MCDM in

TABLE 3. (Continued.) There are a few more applications of MCDM in

wastewater treatment. wastewater treatment.

Global [89], cycle support
warming, 2016 analysis, system
Cost, population
Flexibility size, reuse,
and technical
Sustainabilit criteria, cost-
y benefit,

6. Voudr | This research | ENV, Social, | AHP sensitivity

ias analyzes five | ECO, TECH area

[86], various discharge.

2016 technologies for 10. Zahedi MCDM strategy OWA, CP,
infectious [90], was applied to TOPSIS
medical waste 2017 reduce the effects
treatment, which of conflicting
is a major source criteria  arising
of water during the
pollution, and prioritization  of
chooses the best water wells using
one using a multi- IWAQI and
criteria analysis. DWQIL

7. Liquete | An integrated | Social (2 | AHP 11. Karahal | The proposed | Power, AHP,

et al. | assessment of a | scr), ECO (2 ios MCDM system TOPSIS

[87], natural-based scr), ENV (2 [91], framework  was | capacity, use

2016 water  pollution | scr) 2017 used to select a | of chemicals,
management Ballast Water | Manufacture
technology. Treatment r longevity,

8. Li et al. | This study | Concentratio | AHP, System from the | System

[88], describes a | n, mobility, | TOPSIS considered capacity,

2016 method for | toxicity, alternatives. treatment
calculating degradability time, and
indices of | , soil stratum, Installation
groundwater permeability dimensions.
pollution coefficient, 12. Hossai | Selection of | Efficiency, AHP
intensity emission n [92], | Municipal Colour
(GPI)Zhan load, mode 2017 Drinking Water | removal,

and location, Treatment Technology
impacted Approach Using | availability,
area ratio, Multiple Criteria Cost, Cancer
existence risk, Ease of
time, operation
topographic and
slope, maintenance,
groundwater Odour
depth, removal
vadose zone 13. An et | For sustainability | 3 economic, | AHP
rating media, al. [93], | assessment of | 1 ELECTR
the thickness 2017 groundwater environment | E
of the treatment/ al, 2
aquifer, remediation, technologica
preventative MCDM 1, 1 social,
measure. methodology and 1

9. Garrido | To select | Environment | Environm implemented political

- optimum al and | ental 14. Kamble | A fuzzy MCDM | 12 criteria Fuzzy

Baserba | wastewater economic decision et al. | methodology is AHP

et al. | treatment. criteria, life- proposed in this

VOLUME 11, 2023

143711



IEEE Access

T. Sharma et al.: Wastewater Treatment and Multi-Criteria Decision-Making Methods: A Review

TABLE 3. (Continued.) There are a few more applications of MCDM in

TABLE 3. (Continued.) There are a few more applications of MCDM in

wastewater treatment. wastewater treatment.
[94], study for the Fuzzy safety (2 scr),
2017 assessment  and Delphi waste
choice of optimal Fuzzy collection (2
municipal TOPSIS scr),
wastewater treatment &
treatment disposal (2
alternatives scr), capacity
(WTT) (3 scr)
15. Anaoka | In this study, six | Temperature, | Fuzzy- 20. Kanwal | To determine the | Soil; LULC; | WLC,
r et al. | large treatment | Suspended TOPSIS et al. | appropriateness Depth to | AHP,
[28], plants in India are | solids (SS), [99], of a natural | water table; | Heuristic
2018 evaluated for the | Ph, Total 2020 wastewater slope; approach
performance of | Dissolved treatment system | distance
municipal Solids on-site in an | from roads,
wastewater (TDS), urban and | railway,
treatment. Biological industrial context | rivers &
and chemical drains;
Oxygen Groundwater
demand EC
(BOD) & 21. Naraya Using an | Social Hesitant
(COD), namoor | integrated acceptance, Fuzzy
chlorides thy et | weighing ENV Subjective
16. Sapkota | An integrated | 6 Evaluation | PROMET al. approach and | production, and
et al. | approach Is | criteria HEE- [100], hesitant fuzzy | Noise, Objective
[95], proposed to GAIA 2020 logic, a unique | Technical Weight
2018 choose among assessment of | and Integrated
several bio-medical operation, Approach
alternatives  for waste  disposal | Cost, Health | (HF-
hybrid water strategies has | risk SOWIA)
supply. been conducted. Hesitant
17. Sun et | Regulating Total AHP Fuzzy
al. [96], | agricultural non- | Nitrogen & Multi-
2019 point-source phosphorous, Objective
pollution by | Ammonium- Optimizati
optimizing  the | Nitrogen, on on the
pollutant COD, basis  of
reduction system. | Construction Simple
& Ratio
Operational Analysis
Cost (HF-
18. dekan | This study used | Sewage GIS-AHP MOOSRA
Abbas | an integrated | areas, land ).
1 and | method for the | use, roads, 22. Sadr et | Applied MCDM | 9 economic, | AHP,
Jassim | selection of an green areas, al. technique to find | 8 technical, 7 | NSGA-II
a [97], | appropriate surface [101], feasible and | socio-
2019 wastewater water,  the 2020 appropriate economic,
sewage plant. slope of the drinking  water | and 6
ground, and treatment environment
historical technology. al
areas. 23. Moosel | Multi-criteria NSGA-II
19. Aung et | Study of | Segregation AHP, u et al. | analysis was ELECTR
al. Myanmar's system(5 ANP [102], utilized for the E
[98], healthcare waste | scr), waste 2020 purpose of
2019 management transportatio treating
systems. n (2 scr), wastewater
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TABLE 3. (Continued.) There are a few more applications of MCDM in

wastewater treatment. wastewater treatment.
allocation in potential
Tehran, Iran. (HTP),
24. Liu et | Ina case study of | 3 criteria: | AHP, Acidification
al. China, the | economic Fuzzy potential,
[103], MCDM method | affordability, | TOPSIS abiotic
2020 was employed to | social depletion,
enhance sewage | acceptability eutrophicatio
treatment S and n potential,
systems in urban | environment photochemic
areas of the Liao | al al ozone
River basin. sustainability potential.
10 sub- Economic
criteria/Indic criteria:
ators Investment
25. Savun- In this article, the | 1 economic, | TOPSIS cost,
Hekimo | MCDM 3 PROMET benefits,
glu et | framework is | environment | HEE operating
al. implemented to | al, 1 expenses.
[104], evaluate five | technologica Social
2020 different  water | 1, 1 technical, criteria:
management and 1 social- society,
alternatives. political value chain
26. Kujlu et | Research study of | _ BWM actors,
al. seven oil- employees,
[105], contaminated consumers,
2020 soils that have and local
been treated with communities
various
stabilization/solid 29. Becker MCDM Biowin, ToxPi,
ification (S/S) et al. | approaches have | Mobility, TOPSIS
procedures, as [108], been used to | PBT, Half-
well as the 2021 assess risk for | life
selection of the rating surface
best-treated  site water micro-
treatment method. contaminants.
27. Ozdemi | To prioritize four | For ANP: | ANP 30. Nasiri Reduce seawater | ENV, Socio- | SAW,
r et al. | different leachate | benefit, risk, | PROMET et al. | intrusion in the | culture, ECO | VIKOR,
[106], treatment and cost HEE [109], Caspian Sea's AHP,
2020 alternatives. For 2021 Tajan coastal TOPSIS
PROMETHE aquifer (Iran)
E: 4 using an MCDM
environment method combined
al, 3 with  numerical
technical, modeling.
and 3 31. Torkay To reduce | Operation & | Stratified
economic esh et | harmful Investment Best
28. Zhou et | To choose the AHP, al. pollution, choose | cost; Energy | Worst
al. most suitable | Environment | VIKOR, [110], a sustainable | recovery Method
[107], disposal (sewage | al  criteria: | TOPSIS 2022 waste  disposal | rate; (SBWM)
2020 sludge) system global system. Emission;
warming Social
potential acceptance;
(GWP), Efficiency;
human Qualified
toxicity person;
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TABLE 3. (Continued.) There are a few more applications of MCDM in

wastewater treatment.

Technology
Accessibility
Employment
potential.

32. Sulthon | This study | ENV, AHP
uddin et | attempted to | INSTITUTI
al. determine ONAL,

[111], wastewater SOCIAL,
2021 management ECO, COST
priorities for the
Batik  industrial
center,
considering
various factors in
the local
community and
institutional
aspects.

33. Akhtar WQI approach for | Drinking, MACBET
et al. | water quality | Irrigation, H, AHP
[112], evaluation based | Domestic,

2021 on two MCDM | Industry
methods is
discussed.

34, Mascar A multi-criteria | Cost, GHG | Multi-
enhas et | study of waste | emission, Air | Criteria
al. disposal quality, Analysis
[113], treatment Recycling, (MCA)
2021 technology was | Soil & water

conducted to aid | contaminatio

decision-making. | n,
Electricity,
Land

35. Todaro The article | Remediation | MCDA,
et al. | discusses a novel | Index, Cost, | AHP
[114], approach to | Ecological
2021 selecting the | Damage

optimum reactive
capping
alternatives  for
rehabilitating
contaminated
seafloor
sediments.

36. Saha This research | Drinking, GIS-AHP
and aims to identify | Irrigation,
Paul potential water- | Industry, and
[115], use sites based on | Fishery
2021 water quality and

to develop a plan
for city planning.

37. Fetanat | Prioritize Water Intuitionis
et al. | wastewater security tic fuzzy

treatment principle (3 | environme
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TABLE 3. (Continued.) There are a few more applications of MCDM in
wastewater treatment.

[116], methods that | cr), energy | nt, Linear
2021 recapture energy. | security assignmen
principle (6 | t method
cr), food
security

principle (4

cr)
38. Zhang An environmental | Pressure AHP
et al. | and ecological | Index (7 scr),
[1171, risk assessment | State Index
2022 model has been | (5 scr),

developed in this | Response

work to estimate | Index (3 scr)
the dangers of
microplastics  in
the Yangtze River

Estuary and
nearby marine
areas.

39. Senathi | This research | 21 criteria’s MCA,
rajah et | aims to assess the | Land  use, | semi-
al. harmful consumption | quantitativ
[118], characteristics of | , litter, | e approach
2022 common production,

polymers. monomer,
recycling,
crystallinity,
plasticizers,
metals,
biofilm,
POPs & ECs,
etc.

40. Alkan This study | ENV (6 scr), | IFS,
and investigates the | ECO(2 scr), | CRITIC
Kahram | evaluation of | SOCIAL (5 | method
an garbage disposal | scr)

[119], sites where the
2022 assessment is
vulnerable to

temporal change.

VIi. BIBLIOMETRIC ANALYSIS

The bibliometric study indicates developments in research.
For 2015-2023, the bibliometric study utilized the
“SCOPUS/WoS” database. For the analysis, the keyword
used is “Multi Criteria Decision Making AND Water
Treatment” in the SCOPUS/WoS database. The year of
publication, research area, country-wise distribution, journal
statistics, publication source, document type distribution of
publications, and subject-wise publication analysis are shown
in the figures depicted below (Figure 5 - Figure 10).”
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FIGURE 5. Year-wise publications of ‘Multi-criteria decision making AND
water treatment.

Number of Publications Subject Wise analysis

160

10 *

10

100

80

o B

40 %

% ******

0 ********MM
- .ol 2 H A B :
T-'EEP-«.U-.F::';E:a %
§ ¢ 2 ¢ 8 ;8353 Fd% 44§ F R8¢
B g W 2% v g F 9 8 § g 8 2§ 9 oo ©
g g =0 ¢ & 5§ 3 8 55 % 8 g4 & g %ou
- g .8 5 2 80 4 4 5 € 3 94 8 B
5 £ _Eqw:-uu 1 v & & & B = @
3 T o= 3 2 ¢ &
PR B ggofE & 48 2Foisoz
g ‘:LE, VR [A] 3 W A

FIGURE 6. Publications quantitative analysis based on subject area.

VIII. FINDINGS, LIMITATIONS AND FUTURE DIRECTIONS
e To apply multi-criteria methodologies in real life, it must
be technically and economically feasible. As a result, AHP is
the most utilized MCDM method, even when integrated with
other methods in water treatment technologies. AHP offers
the advantage of combining multiple weights and parameters
to calculate final weights and variables.

e The limitations inherent in a literature review of this
nature lie in its exclusive dependence on previously published
research and the accessibility of these studies through the
methodology outlined in the search process.

o The majority of research has been conducted on wastew-
ater treatment, followed by surface/groundwater technology.

e In water treatment and wastewater technology, not only
broad criteria such as economic and technical significance but

VOLUME 11, 2023

Journal Wise Analysis

Others
Water Research 1 6

115

Environmental Science.. 8 6

Desalination And Water...8 6
Water Switzerland = 10
Science Of The Total... m 10
Journal Of..m 10

Journal Of Cleaner.. == |5

Research Journals

0 50 100 150
Number of articles

FIGURE 7. Journal wise publications.

Document Type Analysis

Conferenc
e Review

Book

(]

Chapter
2%

= DOCUMENT TYPE

= Article

= Conference Paper = Review

= Book Chapter Conference Review

FIGURE 8. Quantitative analysis of the articles based on article type.

also sustainable measures, social and political factors, and
risk assessment are critical for cost-effective, ecologically
friendly WTT.

e Nanotechnology in surface or wastewater treatment is
popular as it is effective and safe. Not much work has been
done on the evaluation and effectiveness of water treatment
technologies based on nanotechnology using MCDM meth-
ods. Future research on finding the best adsorbents, selecting
WWT based on nanotechnology, and exploring adsorbents’
sustainability measures with MCDM can be beneficial.

e Some researchers have employed integrated MOO and
MCDM to identify the best water remediation solutions;
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further research studies on combined approaches to address
environmental concerns are essential.

e Fuzzy MCDM applications in sustainability decisions
offer several advantages, including the ability to incorporate
numerous disparate and conflicting criteria, as well as mak-
ing the procedure for assigning criteria weights flexible and
simple.

e There are several MCDM techniques available, each
with its unique set of outcomes. While most approaches pro-
vide a definite result, finding the appropriate approach is far
from simple, especially in challenges involving sustainable
technology.

143716

IX. CONCLUSION

Conflicting criteria, affordability, applicability, and sustain-
ability measures together create a complex multi-criteria
analysis task in the field of water treatment, which directly
impacts technology performance. Sustainability, in addition
to general criteria such as technical, economic, and social
aspects, plays a significant role in the challenging task of
selecting the most appropriate water treatment technology
from a range of predefined alternatives. In this context,
Multi-Criteria decision-making (MCDM) methods emerge
as suitable tools to address the complexities of establishing
sustainable technology solutions.

Through this literature analysis, it becomes evident that
a multitude of MCDM methods are being applied within
the realm of sustainable development. Many of these meth-
ods have proven effective in achieving objectives related to
environmental concerns. These include the prioritization of
Wastewater Treatment (WWT) alternatives, the evaluation of
crucial criteria influencing treatment technology efficiency,
and the comparison of various WWT approaches. Further-
more, integrated MCDM methods offer decision-makers
more detailed and definitive solutions, enabling them to make
well-informed and scientifically based decisions.

In the future, continued research may lead to the devel-
opment of a more consistent decision-making model for
technology assessment that accounts for uncertain criteria.
The current study also offers recommendations for multi-
criteria analysis aimed at obtaining reliable and robust
outcomes.
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