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In 2018, the global annual consumption of Polyethylene terephthalate (PET) bottles was approximately 27.64
million tons, with one million bottles sold worldwide every minute. Unmanaged PET bottles in the environment
lead to a series of negative effects on the health of humans and ecosystems. Therefore, the objective of this
research was to evaluate the sustainability of eight different PET waste bottle treatment methods using a holistic
multi-criteria decision-making approach that combined the technique for order of preference by similarity to
ideal solution (TOPSIS) with analytic hierarchy (AHP; TOPSIS-AHP) and coefficient of variation (COV; TOPSIS-
COV) approaches. To the best of our knowledge, TOPSIS-COV has not yet been used for waste management. The
treatment methods were compared and analyzed against twelve different performance criteria representing three
pillars of sustainability: environmental, economic, and social. Both approaches determined closed-loop recycling
to be optimal for treating PET waste bottles. The weights of performance indicators obtained using the COV and
AHP approaches were comparable, except for cost, photochemical oxidant potential, and human toxicity. The
large dispersion in the values of the photochemical oxidant potential causes it to have a higher weight in the
COV approach. For cost, the weight was higher using the AHP approach by approximately 12%, which reflects
the preference of decision-makers to reduce costs of ventures.

1. Introduction

Since 1974, when the first polyethylene terephthalate (PET) bottle
was produced (Parker, 2019), the demand for PET bottles has drastically
grown. Every minute, one million plastic bottles are sold worldwide
(de Marchi et al., 2020). The PET bottled water market is forecasted to
become the largest by volume worldwide in the bottled drink category
(de Marchi et al., 2020). In 2018, the global annual consumption of
PET bottles was approximately 27.64 million tons (Wang et al., 2020).
The total production of plastic over the last 65 years is approximately
8300 million metric tons (Geyer et al., 2017), and approximately 79%
of this currently exists in landfills (de Marchi et al., 2020). The rapid
increase in the demand for PET bottled water can be linked to differ-
ent factors, such as the growing scarcity of drinkable water, increased
standards of living, and the unique properties of PET bottles (Lendvai et
al., 2022). PET bottles have several properties that make them suitable
for packaging water and other beverages; the properties include their
alkali and acid resistance, high strength with light weight, and being

inexpensive to produce (Wang et al., 2020). In addition, PET has good
transparency and dimensional stability, is a good barrier against mois-
ture and oxygen, and is nontoxic (Majumdar et al., 2020). However,
the rapid production and consumption of PET bottles have resulted in
disastrous consequences for the environment and human health owing
to the large amount of waste abandoned in ecosystems. The amount of
waste generated by a country positively correlates with its income, and
the share of plastic waste in this total waste also increases with income
(World Bank Group, 2018).

Unmanaged PET bottles abandoned in the environment lead to neg-
ative effects on human health and ecosystems (i.e., air, soil, and wa-
ter). In recent years, the effects of plastics and other chemicals added
during the production process on human health have been studied
(Pjanic, 2017). PET bottles have been linked with insulin resistance
(Pjanic, 2017), decreased anogenital distance in male infants (Wagner
and Oehlmann, 2009), lower levels of sex hormones (Sax, 2010), and
adverse effects on the immune system, particularly in young people
(Rustagi et al., 2011).
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The effects of discarded plastics on ecosystems are more obvious and
severe. Mismanaged plastic has contaminated large bodies of fresh wa-
ter, rivers, and oceans. There is approximately 6.3 billion metric tons
of plastic waste debris worldwide (Geyer et al., 2017) accounting for
60-80% of total global waste (de Marchi et al., 2020). In 2012, there
was approximately 165 million tons of plastic waste in the oceans. In
2050, it is estimated that there will be 5.25 trillion plastic particles in
the oceans (Qatar Development Bank, 2017) with a combined weight
exceeding that of fish (Alabi et al., 2019). The extended breakdown of
plastics leaches toxic chemicals and microparticles into water bodies
and soil. Plastic microparticles have been detected in the guts of fish in
the Arabian Gulf (Al-Salem et al., 2020). Although PET bottles are non-
toxic and are widely used in the food, beverage, and textile industries,
their mismanagement is a major problem and needs to be addressed.
The negative impact of PET waste has been growing for many reasons,
such as the decreasing amount of available landfill space, ineffective
methods for removing PET waste from the environment (especially
oceans), and the blockage of sewage systems (Alabi et al., 2019). Fur-
thermore, in recent years, there has been a move toward limiting the
amount of waste that is landfilled due to leaching to the soil and ground
water, even with good management, which can cause harmful contam-
ination that impacts agriculture, human health, and wildlife (Alabi et
al., 2019).

Waste management is at the core of sustainable development and
impacts environmental, economic, and social dimensions. The increas-
ing competition for natural resources is underpinned by the interlink-
ages that exist between them, and the scarcity of natural resources em-
phasizes the need to develop systematic waste management techniques.
The management of natural resources forms the core of complex deci-
sion making related to sustainable production. There is a need to adopt
systematic scientific-based approaches and frameworks to manage re-
sources and their complexities. It is a well-documented fact that, despite
its disastrous environmental impact, landfilling remains by far the most
popular end-of-life process for PET in most developing countries. Ap-
parently, and based on personal discussions with decision makers in
Qatar, the main reason seems to be the general belief that landfill is the
most economical end-of-life process and that any other environmentally
friendly process is significantly more expensive and therefore unafford-
able. Therefore, this study develops a multi-criteria decision-making
(MCDM) approach for managing PET by analyzing the pathways of PET
waste management at the strategic level. The aim of this approach is to
identify optimal end-of-life treatment alternatives for PET waste man-
agement by evaluating them against a set of sustainability performance
indicators. To achieve this, we will develop a MCDM approach to iden-
tify the optimal technology for PET waste treatment.

The remainder of this paper is organized as follows: Section 2
presents a literature review for multi-criteria decision analysis of waste
systems; Section 3 describes the methodology and materials used; Sec-
tion 4 presents and discusses the results of the case study; finally,
Section 5 provides concluding remarks.

2. Multi-criteria decision analysis of waste systems

Waste Management Systems (WMS) are complex systems, due to the
large number of interrelationships between the various elements of the
system. As the complexity of the system increases the decision-making
process becomes more challenging, since all decisions imply a differ-
ent prediction and outcome of the future, and as such more systematic
approach is required (Bennet and Bennet, 2008). In order to support
decision-makers in planning, managing, and facilitating decisions of
WMS in an optimized and structural manner, Multi-Criteria Decision
Making (MCDM) approaches often are utilized. In this section, we will
review the literature related to the application of MCDM approaches to
waste management. We will first focus on applications related to mu-
nicipal solid waste (MSW) management and then review the literature
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related to plastic waste management. We conclude this section by high-
lighting some gaps that other researchers have not yet addressed.

2.1. Municipal solid waste management applications

Municipal Solid Waste (MSW) gained the most attention from the
researchers due to the ever-increasing amount generated of MSW world-
wide. It is estimated that the amount of MSW will reach 2.2 billion
tonnes in 2025 worldwide (Chen et al., 2022). Thus, many researchers
studied how to optimize the MSW systems utilizing different MCDM
and optimization techniques. For instance, (Aghajani Mir et al., 2016)
proposed a revised TOPSIS approach to determine the optimal treat-
ment technique for Municipal Solid Waste (MSW). The study utilized
the VIKOR method (Opricovic and Tzeng, 2004) to perform a sen-
sitivity analysis since the preference of the decision-maker was un-
known. The study considered landfill, open dump, refuse derived fuel,
anaerobic digestion, composting, incineration, and recycling as differ-
ent possible scenarios for MSW management in Malaysia. Similarly,
(Coban et al., 2018) conducted a comprehensive analysis to deter-
mine the optimal technique for MSW disposal. The study utilized three
different MCDM approaches, namely TOPSIS and Preference Ranking
Organization Method for Enrichment Evaluations PROMETHEE I and
PROMETHEE II to ensure the reliability of the selected scenario under
the three different approaches. Focusing on scenario analysis, (Estay-
Ossandon et al., 2018) developed a comparative model that integrates
the Delphi method, fuzzy TOPSIS, and system dynamics to assess the
different possible MSW treatments. The main objective was to en-
hance the process of MSW planning and forecasting. Moreover, (Govind
Kharat et al., 2019) utilized fuzzy methods to determine the optimal
MSW treatment options for India. The methods used in the study were
fuzzy Delphi Method to identify the relevant criteria and the most suit-
able treatment options, then fuzzy AHP to set the weights for each
criterion, and finally fuzzy TOPSIS to rank the alternatives. The study
considered bio-methanation, gasification-pyrolysis, landfill, compost-
ing, incineration, and refuse-derived combustion. (Shahnazari et al.,
2020) combined AHP and TOPSIS to identify the optimal technique for
thermochemical MSW management. The techniques considered in the
research were plasma, pyrolysis, gasification, and incineration under
environmental, economic, and technological criteria.

For the solid waste management, in 2017, (Xu et al., 2017) de-
veloped a robust formulation for the global reverse supply chain for
recycling solid waste. The formulation included mixed-integer linear
programming formulation (MILP) to minimize the total cost of handling
and transportation, while maintaining the emissions under pre-defined
levels. Combining linear programing and MCDA (Asefi and Lim, 2017)
develop a holistic model that combines TOPSIS and multi-objective op-
timization. The objective of the model was to design an integrated
solid waste management system by allocating the optimal facility lo-
cation.

Allocation of multi-waste streams was investigated by (Yilmaz Bala-
man et al., 2018) In 2018. In their research they developed a fuzzy
linear programming model that aims to optimize multi-waste supply
chain within the circular economy framework. The developed model
decides on the structure of the supply chain, the best technology for
the production, and production and distribution planning for a waste
to bioenergy supply chain at a regional level. The objectives considered
in the model are: maximizing the profit, minimizing the total capital
investment cost, and minimizing the environmental impact and GHG
emissions. (Gambella et al., 2019) developed a two-stage multi-period
stochastic mixed-integer programing formulation, the developed model
aims to support tactical decision-making (one-year plan) for waste flow
allocation from the waste operator’s perspective. The objective of the
model is to determine the optimal pre-allocation of the waste flow,
while minimizing the total cost considering the possible profit from re-
cycling and resource recovery, in addition to the possibility of treating
the excess waste outside the network as a corrective action.



N.A. Al-Thani, T. Al-Ansari and M. Haouari

TOPSIS has been used extensively in the analysis of the other waste
streams such as the health care waste, where (Manupati et al., 2021)
used fuzzy TOPSIS and fuzzy VIKOR to optimally handle the health care
waste. The research considered nine different techniques and ten differ-
ent criteria. In the area of the food waste, (Wohner et al., 2020) used
MCDM to investigate the food waste and loss in the agriculture indus-
try while considering environmental and economic criteria. The study
used TOPSIS to find the most sustainable method for the packaging.
Moreover, for waste-to-energy, (Alao et al.,, 2020) utilized the TOP-
SIS method to determine the optimal technology for waste-to-energy
in Nigeria. The weights of the criteria were determined using the en-
tropy method. Later in 2021, (Alao et al., 2021) proposed a hybrid
MCDM method that combines the integrated determination of crite-
ria weights (IDOCRIW) with weighted TOPSIS to identify the optimal
waste-to-energy option. The study proposed to integrate the criterion
impact loss (CILOS) and the entropy method, as well to determine the
weights of the criteria. The authors suggested that the combination will
overcome limitations of the entropy method. (Afrane et al., 2021) per-
formed a techno-economic analysis in order to inform decision-makers
on the optimal waste-to-energy technology to be adopted in Ghana. The
study utilized a fuzzy TOPSIS, which provides a range of weights instead
of one number. The study considered four different technologies which
are anaerobic digestion, gasification, pyrolysis, and syngas based on ten
different criteria.

2.2. Plastic waste management applications

Plastic represents about 12% of the global generated waste in 2016
(World Bank Group, 2018). As such, in recent years plastic waste man-
agement has emerged as an urgent issue that must be addressed because
of the disastrous effect it has on the environment and human health.

In this context, several authors have used multi-criteria decision-
making (MCDM), as well as mixed integer programming (MIP), to op-
timize waste management operations. In this section, we briefly review
the relevant applications of MCDM and MIP to plastic waste manage-
ment (Huang et al., 2011).

There are many studies focusing on optimizing one technology such
as, (Rentizelas et al., 2018) illustrated through experiments the use of
pyrolysis technology and the useful outcomes from the plastic used in
the agriculture. After which, a robust mixed-integer linear program-
ming was developed to optimize the location of the pyrolysis plants,
the capacity of the plants and the suppliers’ allocation and customers’
allocation to the plans, while maximizing the Net Present Value. Focus-
ing on the supply chain system of the plastic waste,

(Balwada et al., 2021) implemented an AHP approach to determine
the optimal plastic waste collection method to support the circular econ-
omy in India. (Geetha et al., 2021) proposed a new model called “Hesi-
tant Pythagorean Fuzzy - ELimination and Choice Expressing REality III” in
order to identify the optimal disposal option for different plastic poly-
mer types. The study considered four different alternatives, which were
mechanical, chemical, feedstock and incineration for energy, while the
polymers considered were PET, HDPE, PVC, LDPE, PP, and PS. (Desh-
pande et al., 2020) utilized the Multi-Attribute Value Theory to decide
on the optimal end-of-life treatment for the plastic waste resulted from
the fishing industry in Norway. The EOL alternatives utilized are land-
filling, incinerating, and recycling.

The combination of AHP and TOPSIS has been utilized in select-
ing the optimal strategy for waste management (Pires et al., 2011), as
well as selecting the best alternative for waste management. (Vinodh
et al., 2014) focused on recycling mixed plastic waste by integrating
a Fuzzy AHP approach with TOPSIS approach to determine the opti-
mal technique. The Fuzzy AHP approach was used to determine the
weights of each criterion, whilst the TOPSIS approach identifies the
best alternative based on the weights developed from AHP. The consid-
ered alternatives were chemical recycling, mechanical recycling, and
energy recovery. The study identified 20 different criteria based on the
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Identify the available alternatives for PET
waste treatment

Identify the set of performance criteria

Calculate the value of each criterion that
corresponds to each alternative

Perform a
pairwise
comparison for
the set of the
identified
criteria

Calculate the
weights using
COV approach

Calculate the

weights of the
criteria using
AHP approach

Rank the alternatives using TOPSIS
approach

Fig. 1. Methodological framework.

feedback from the decision-makers. Table 1 below summarizes the dif-
ference between this research and the previous research.

From Table 1, it is clear that there is a lack of studies focused on op-
timizing PET waste streams, hence the need for further research in the
area of PET bottle waste management. To our knowledge, there are no
studies in the literature that combine all primary, secondary, tertiary
and quaternary recycling alternatives by specific technologies against
competing sustainability performance indicators for PET specifically. In
addition, the combination of TOPSIS and the VOC method for calculat-
ing performance criteria weights has not previously been used in the
waste management field.

3. Materials and methods

In this study, an MCDM method combining TOPSIS, AHP, and COV
was used to determine the optimal end-of-life treatment options for PET
waste bottles. AHP was utilized to calculate subjective weights based
on the decision-maker’s preference. However, COV has not been used
in the waste management domain, particularly when selecting the best
alternative from a set of alternatives according to predefined criteria.
The proposed methodology consists of multiple steps, as illustrated in
Fig. 1. The entropy method is the most popular approach utilized in
the literature to compute the objective weights; however, the approach
assumes that the dataset is all positive, and in the collected decision
matrix, the negative in the data presents the offset of a certain process
to the performance criteria.
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Table 1. Comparison between other research and this research.
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Reference Method Performance Criteria Technology Material
AHP  Fuzzy TOPSIS  COV  Other Environment Economic Social Technical
AHP
(Vinodh et X X Air Economic Health, Technical Mechanical Mixed
al., 2014) resources, performance, Potential capability, recycling Plastic
Water financial Internal New process
resources, benefits, human technology Chemical
Land Trading op- resources, acceptance, recycling
resources, portunities, External technical process Energy
Mineral and Macro social population, support and recovery
energy performance. Stakeholder training
resources, Managerial population,
ability, Inter-
est support
groups,
Customer
Satisfaction,
Managerial
effectiveness,
Management
ability
(Rentizelas et Robust mixed- Pyrolysis
al., 2018) integer linear
programming
(Shahnazari X X Slag Employment Technology Plasma Municipal
et al., 2020) Land use rate level Pyrolysis Solid
Emissions Accessories Ease of Gasification Waste
industry equipment Incineration
growth access
Operational Ease of
cost technology
use
Workplace
safety
(Deshpande Multi-Attribute landfilling, Mixed
et al., 2020) Value Theory incinerating, Plastic
and recycling
(Geetha et al., Hesitant Mechanical, PET,
2021) Pythagorean chemical, HDPE,
Fuzzy - feedstock and PVC, LDPE,
ELimination incineration PP, and PS
and Choice for energy
Expressing
REality I11”
This research X X X Global Cost Human Closed-loop, PET bottles
warming po- Revenue toxicity open-loop
tential, potential. (mechanical),
abiotic de- open-loop
pletion (semi-
potential, mechanical),
marine eco- landfill,
toxicity incineration
potential, with heat
freshwater recovery,
ecotoxicity incineration
potential, with heat and
terrestrial power
ecotoxicity recovery,
potential, glycolysis, and
eutrophica- pyrolysis.
tion
potential,
terrestrial
acidification
potential,
photochemi-
cal oxidant
formation,
and ozone
depletion
potential.
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Table 2. Selected performance indicators.
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Indicator Description

Reference

Global Warming Potential (GWP)
Abiotic Depletion Potential (ADP)
Marine Ecotoxicity Potential (METP)
Freshwater Ecotoxicity Potential (FETP)
Terrestrial Ecotoxicity Potential (TETP)
Eutrophication Potential (EP)

Potential depletion of natural resources.

water.
Terrestrial Acidification Potential (TAP)
organisms.
Photochemical Oxidant Potential (POFP)
Ozone Depletion Potential (ODP)
Human Toxicity Potential (HTP)
Cost
Revenue

Potential change in the earth’s temperature due to the release of greenhouse gases.

Potential impact of released toxic substances on marine environments.

Potential impact of released toxic substances on freshwater organisms.

Potential impact of released toxic substances on land-dependent organisms.

Potential overgrowth of plankton, algae, and higher aquatic plants due to increased nutrients in the

Potential impact of acidifying pollutants on soil, groundwater, surface waters, and biological

Potential formation of photochemical ozone in the lower atmosphere.

Potential damage to the protective stratospheric ozone layer due to the human emitted gases.
Potential impact of emitted substances that exist in the environment on human health.
Estimated cost of treating one ton of PET waste. -
Estimated revenue of treating one ton of PET waste. -

(I1S014050, 2020)

(Guinée et al., 2001)
(Fairbrother and Hope, 2005)
(Fairbrother and Hope, 2005)
(Fairbrother and Hope, 2005)
(Cudek et al., 2015)

(Guinée et al., 2001)
(Gad, 2005)

(Wuebbles, 2015)
(Guinée et al., 2001)

Re-Use

Consumer use of PET

Products

Post-Consumer PET Landfill

Compact and

export

Recycling

Recycling to PET
bottles

lMechanical Recycling

— — — — — — — — — — — — — — — —

New Plastic Products
such as Polyster,
Fiber

Chemicals, fuels, an
other products

I
I
|
Depolymerization to I
I
|
|

I Chemical and Thermal

| Recycling " Incineration

Fig. 2. Different roots of PET waste treatment alternatives.

3.1. Performance indicators

As the complexity of the waste management systems increases, there
is an increasing need for assessment tools to help decision makers
quantify the trade-offs and impacts of different actions on a system
as a whole and as sub-components. Thus, different performance mea-
sures have been developed in almost all scientific fields. Measuring the
changes in a system requires the use of indicators, defined as “quantita-
tive or qualitative factor or variable that provides a simple, and reliable,
means to measure achievement, to reflect the changes connected to an
intervention, or to help assess the performance of a development actor”
(OECD, 2013). Indicators are vital as they can present complex, dy-
namic knowledge or information in focused and summarized forms by
synthesizing the relevant knowledge about the phenomenon or system
based on a reference value; they provide an easier way to communicate
targets, objectives, and achievements and track progress (Saidani et al.,
2019) to aid the decision-making process.

Table 2 presents the performance indicators selected to analyze the
sustainability of PET waste treatment alternatives. The performance
indicators were selected based on a systematic literature review of

waste management, circular economy, and industrial ecology. The se-
lected performance indicators covered the areas of environment, human
health (social), and economics. Through the literature review, it was ev-
ident that the impact categories of life cycle assessment were the most
comprehensive, capturing the different environmental impacts and pro-
viding a holistic perspective on the impact of each process on the en-
vironment. However, in the analysis, social and economic performance
criteria were included to measure the degree of sustainability of each
proposed PET waste treatment.

The values of the performance indicators were calculated by con-
verting the emission of each waste treatment to the different impact
categories using CML Characterization factors Gabathuler, 2006).

3.2. List of PET waste treatment

To identify the available technologies for PET waste treatment, an
extensive literature review was conducted. All the available pathways
for PET waste are illustrated in Fig. 2. PET waste treatment tech-
nologies were selected based on different criteria: the availability of
process emissions in the literature, technology readiness, and suitabil-
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Table 3. Description of the selected technologies.

Heliyon 8 (2022) e10274

Technology Description

Closed-loop recycling
Open-loop recycling (Mechanical recycling)

Converting PET waste bottles through physical processes into new bottles with similar properties to the original product.
Converting PET waste bottles using physical and chemical processes into a lower grade plastic product. In mechanical

recycling fibers are produced through direct extrusion from flakes.

Open-loop recycling (semi-mechanical recycling)

Converting PET waste bottles using physical and chemical processes into a lower grade plastic product. In the semi-mechanical

recycling, the first step is to utilize extrusion to make pellets, then the pellets are converted into fibers and other products.

Glycolysis
are repolymerized into PET fiber.
Pyrolysis
atmosphere.
Incineration with heat recovery
Incineration with heat and power recovery

Landfill
including developed countries.

Chemical recycling technique that converts PET waste bottles into oligomer in the presence of a catalyst. Then the oligomers
Converting PET waste bottles into other useful products, such as oils and syngas, through thermal decomposition in an inert

Combustion of PET waste bottles as a fuel to releases heat. The heat is used for heating spaces (Chilton et al., 2010).
Combustion of PET waste bottles as a fuel to releases power and heat. The power feeds the grid and the heat is used for
heating spaces (Chilton et al., 2010).

Transporting PET waste bottles into landfill sites; the first and most used waste management strategy in most countries

ity for treating PET waste. The alternatives considered in this research
are listed in Table 3. All processes start as post-consumer PET waste
bottles that need to be collected and transported to a material separa-
tion facility. Subsequently, the separated PET waste bottles underwent
pre-treatment. The pre-treatment steps often included sorting, washing,
drying, and shredding.

Below, we provide a detailed approach for all methods used in this
study.

3.3. Technique for order of preference by similarity to ideal solution

MCDM is broadly used in problems where the performance of differ-
ent alternatives should be ranked against multiple conflicting criteria
(Deng et al., 2000). Many approaches for MCDM have been developed,
one of which is TOPSIS, which was first proposed in 1981 (Yoon and
Hwang, 1981).

The main concept of TOPSIS is to determine the alternative that has
the shortest Euclidean distance to the ideal solution and the longest Eu-
clidean distance from the negative-ideal solution (Deng et al., 2000).
TOPSIS has multiple attributes that make it favorable, such as a) the
approach is rational and clear, b) the calculations are straightforward
and easy to compute, c) the approach is capable of identifying the opti-
mal alternative among multiple alternatives in simplified mathematical
representation, and d) the method incorporates objective methods in
the calculations (Deng et al., 2000).

Throughout this paper, we use the following notation.
A= { A;,i=1,2,..., m} set of PET waste treatment alternatives
C={C;, j=1,2,....n} set of performance evaluation criteria
x;;+ performance of alternative i against performance criterion j
X: decision matrix, that is, performance matrix with dimensions m x n

X1 ot X

Xmn

r;;» nondimensional attribute corresponding to x;;
w;: weight of criterion C;; j=1,2,...,n

V': normalized decision matrix

A*: ideal solution

A~™: negative-ideal solution.

The calculation steps of TOPSIS were as follows:
Step 1: build the normalized decision matrix.

X;j

2
DIEY J
Step 2: build the weighted normalized decision matrix.

wyryy s Wylpy Uiyt Ui

Wily o Wpl'py Ui " Umn

Step 3: identify the ideal solution and the negative ideal solution.

A+:{(max,~vu lj€J), (minv,;|jeld’)|i= 1,2,...,m}
={vtef, oot}

AT = {(min,-vij ljieJd), (maxiv,-j |
= {UI_,U;,...,UI._,...,U;}

where, J ={j=1,2,...,n| j associated with the benefit criteria}

JET)i=12,..,m}

J'={j=1,2,...,n| j associated with the cost criteria}

Step 4: compute the ideal separation and the negative-ideal separation.

- The ideal separation

2
S,.+=\j§; (0g-0) i=120m

- The negative-ideal separation

n

s\ B les-s) =12

Step 5: compute the relative closeness to the ideal solution.

ST
Cr=—-"—, 0<Ci<l,i=12,....m
(SF+s7)
Ci=1 ifA;=A"

Cr=0 ifA,=A

Step 6: rank the preference order according to the descending order of
Cr.

i

3.4. Analytic hierarchy process

Analytic hierarchy process (AHP) is a method developed in 1984
to address complex decisions in complex environments (Saaty, 1987).
The difficulty of decision making in complex systems stems from the
multi-interactions between competing and non-competing elements of
the system and the dynamic nature of complex systems. AHP is a holis-
tic systematic framework that utilizes psychology and mathematics to
measure the relative priorities of a set of alternatives (Pachemska et al.,
2014). The main idea of the AHP approach is to formulate a complex
problem into a hierarchical structure (Chauhan et al., 2020) that con-
tains specific components: the goal (i.e., the objective of the problem),
criteria (which are the second level), and alternatives (which are the
last level of the hierarchy) (Russo and Camanho, 2015). The steps of
AHP (Saaty, 1987) are as follows:
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Best End-of-Life

Waste

Economic Environment

Cost ‘ | Revenue ‘

Potential (POFP)

W

Open-loop

Closed- Open-loop

Alternative for PET

Global Warming Potential (GWP)
Marine Ecotoxicity Potential (METP)
Marine Ecotoxicity Potential (METP)

Freshwater Ecotoxicity Potential
(FETP)

Terrestrial Ecotoxicity Potential
(TETP)

Eutrophication Potential (EP)
Terrestrial Acidification Potential
(TAP)

Photochemical Oxidant Formation

Ozone Depletion Potential (ODP)
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Criteria

Human Toxicity Potential (HTP)

Sub-Criteria |

(Semi-
Mechanical)
Recycling

with Heat
Recovery

(Mechanical
Recycling)

Loop
Recycling

with Heat
and Power
Recovery

Altematives

Fig. 3. Hierarchical decision structure of PET waste management.

—
'

Define the problem and the desired type of information. It is crucial
to consider all the required assumptions and perspectives to build
a decision on solid ground.

2- Construct the decision hierarchy.

3- Build pairwise comparison matrices. “Each element in an upper
level is used to compare the elements in the level immediately be-
low with respect to it.” (Saaty, 1987). The pairwise comparison
matrix is constructed to establish priorities for each criterion in the
first level, and each criterion in the upper level will have one ma-
trix for the respective sub-criteria.

4- Calculate the relative priorities of each element in all the levels.

5- Calculate the final weights for each alternative.

6- Check the consistency index.

The hierarchical decision structure of the PET waste management
system is illustrated in Fig. 3, and the corresponding performance indi-
cators are presented in Table 4.

3.5. Coefficient of variation (COV) approach

In subjective weighting methods, the preferences and previous ex-
periences of decision-makers influence the weights of the criteria and
as the number of criteria increases, the accuracy of these subjec-
tive decision-maker preferences decreases (Keshavarz-Ghorabaee et al.,
2021). Therefore, there is a need to objectively compute weights for cri-
teria that are not influenced by the preferences of the decision makers.
The objective weighting method used depends on the original deci-
sion matrix. The most common objective weighting methods are the
entropy method, standard deviation, and criteria importance through

intercriteria correlation. The entropy (Shahnazari et al., 2020) method
is not applicable for this study because the decision matrix contains
negative values. In this study, we proposed a new method based on
the coefficient of variation, rather than standard deviation. However,
while writing this paper (i.e. after the research had taken place), we
discovered a study (Meng et al., 2020) that proposed the same idea for
evaluating the importance of a node in a rail network.

The coefficient of variation method measures the degree of data dis-
persion, with weight of the criterion being positively correlated with
the degree of dispersion. Because a smaller dispersion does not provide
a useful input toward the decision, it carries a lower weight.

Below are the steps of the detailed COV approach for PET waste
management.

Throughout this section we use the following notation:
A= {A,- ,i=1,2,..., m}: set of PET waste treatment alternatives.
C= {Cj, Jj=1,2,...,n}: set of performance evaluation criteria.
x;;: performance of alternative i against performance criterion j
X: decision matrix, that is, the performance matrix with dimensions
mxXn
X1 X
x=| : .
Xml " Xmn

w;: absolute value of the mean of performance criterion j
SD;; standard deviation of performance criteria j

COV ;: coefficient of variation of performance criteria j
W;: weight of performance criterion j.

The steps of the COV method were as follows:

Step 1: build the performance evaluation matrix X,,,,.
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Process Closed-Loop' Open-loop Open-loop Landfill® Incineration with Incineration with heat Glycolysis>  Pyrolysis®
(mechanical)” (semi-mechanical)” heat recovery' and power recovery'
GWP -1.70x 10° 7.09 x 10* 1.31x 10° 291 x 10° 4.95 % 10° 1.40x 10° 1.84x 10° 4.31x10?
ADP —1.34x 1072 4.43 7.67 331x10™* 8.91x 10~ 8.6x 107° 1.27x 10! 2.53x107°
METP —1.10x 10* 0.00 0.00 8.62x 10° 2.34x 100 1.7x 10* 0.00 4.86x 10°
FETP -7.87x 10! 2.19x 107 1.74 x 10% 2.04 x 10 5.62x10% 1.2x10? 2.15%x 107 3.49x 10!
TETP —4.44x 107! 5.17 4.88 1.70 4.72 6.7x 107! 1.21x 10! 1.97x 107!
EP —1.04x 107! 5.91%x 107! 4.88x 107! 3.60 4.90 -72x1072 1.63 6.11x 1072
TAP —1.84 2.22 6.28 4.34x 10! 3.74x 10! -32 9.95 8.26x 107!
POFP —2.09x 10" 1.48x 107! 2.09 x 107! 2.39 2.10 =59 4.26x 107! 1.16
ODP 0.00 0.00 0.00 1.18x 1073 3.16 x 10~ 0.00 0.00 0.00
HTP -7.16x 10* 2.68 x 10° 2.89 x 107 1.46 x 10? 4.83x10% 1.1E45 5.29 x 10? 3.17x 10*
Cost* 500 500 500 1.80x 10? (4.20x 10%) (2.1x10%) 1300 410
Revenue 1000 1000 1000 0.00 41.4 41.36 1400 590
1 (Chilton et al., 2010).
2 (Shen et al., 2010).
3 (Aryan et al., 2019).
4 (willard, 2019).
5 (Yoshioka et al., 2004).
* (Gradus et al., 2016).
X1 Xin ) good perspective on the state’s strategy related to waste treatment and
X=| : Vi=L2...n the preferences related to the performance criteria.
Xm1 Xmn Moreover, the analysis of the responses shows that 70% of decision-

Step 2: compute the standard deviation SD;.

D = 2 iy — )2

vVi=1,2,...,
J m—1) / !

Step 3: compute the coefficient of variation.

SD;
cov,=—~

Hji
Step 4: normalize the coefficient of variation COV/, to obtain the weights
of each criterion.

cov;

Wo=—J
J
X7, Cov,

4. Results and discussion

This section presents and analyzes the results of the proposed
methodology for PET waste management.

4.1. Case study

Driven by its high population growth and economic development
rate, Qatar, which is located in one of the driest regions in the world,
is among the top countries in terms of per capita consumption of bot-
tled water (General Secretariat for Development Planning, 2009). As
a result, it is estimated that Qatar generated in 2019, a total amount
of 33,877 tons of PET bottle waste. Almost all of this waste has been
landfilled. The continuous annual growth in the amount of PET bottle
waste, coupled with the increasing scarcity of land that can be used for
landfill, makes the problem of managing PET bottle waste particularly
acute.

Thus, we performed a pairwise comparison to systematically com-
pute the weights related to each criterion. The pairwise comparison
was conducted through a survey of policymakers in Qatar, targeting
upper and middle management. In total, the survey had 37 responses
from participants directly involved with environmental legislation: 19
(51.4%) from the government, 12 (32.4%) from the industry, 5 (13.5%)
from academia, and one (2.7%) was consultant working for the Min-
istry. Of the 37 respondents, 7 (19%) were top-level management, 23
(62.2%) were middle-level management, and 7 (19%) were lower-level
management. The percentage of top management responses allows a

makers considered environmental performance to be more important
than both economic performance and social performance. These re-
sults can be explained because 50% of the decision makers were from
the Ministry of Environment. The importance of economic and social
performances were comparable, with 41% of decision-makers consid-
ering social performance to be more important and 59% considering
economic performance to be more important. For the sub-economic
criteria, 70% of the decision-makers considered cost to be more im-
portant than revenue. This result needs to be understood from a Qatar
context, since most governmental projects are service projects with no
revenue sought from them. Fig. 4 presents the importance of the differ-
ent sub-environmental performance criteria based on a five-point scale:
not important, less important, neutral, somewhat important, and very
important. The results of the survey were then used to compute the
weights using AHP.

4.2. Calculation of the weights

This study considered subjective weights calculated using AHP and
objective weights calculated using the COV method. AHP has been used
previously to identify the relative weights of a given set of criteria, as
indicated in Section 3. However, to the best of our knowledge, the COV
method has only been used once with TOPSIS in a study that utilized
COV combined with weighted TOPSIS (WTOPSIS) to compute the im-
portance of a node in an urban rail transit (Meng et al., 2020). The
COV method eliminates the deviation in the weights calculated using
other methods, such as the AHP and Delphi methods, which is caused
by subjective factors. The COV method provides objective and accurate
weights.

4.2.1. Subjective weights: analytical hierarchy process

AHP calculations are logical and easy to perform. A key step in the
approach is to construct the pairwise comparison matrix (Singh, 2021).
Recall that if criterion A is more important (or as important) as crite-
rion B, we need to enter a weight that indicates how many times more
important criterion A is compared to criterion B, and automatically en-
ter its inverse in the transpose position. In this case, the weight must be
an integer among {1,...,9}, where a weight of 1 indicates that both cri-
teria are of equal importance, and a weight of 9 means that criterion A
is extremely more important than criterion B.

To mitigate potential biases and thus ensure the reliability of the re-
sults, the determination of the pairwise comparison matrix must take
into account the opinion of a group of decision makers (obtained
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Ozone depletion

Photochemical oxidant formation

Terrestrial acidification

Eutrophication

Terrestrial ecotoxicity

Freshwater ecotoxicity

Marine ecotoxicity

Abiotic Depletion (fossil fuels)

Global warming

B Not Important Less Important

Neutral

15 20 25 30 35 40

M Somewhat Important ~ H Very Important

Fig. 4. Importance of environmental impact criteria.

Table 5. Pairwise comparison matrix of the criteria
which hold the preference value.

Criteria Economic Environment Social
Economic 1 0.25 2
Environment 4 1 4
Social 0.50 0.25 1

through survey results) rather than relying on the opinion of a single
decision maker. However, from a practical perspective, it is quite dif-
ficult to translate the survey results into a valid pairwise comparison
matrix. In this study, we adopt the following approach. First, let us con-
sider two extreme cases. The first is where there are exactly the same
number of participants who prefer criterion A to criterion B and those
who think the opposite. In this case, it would be reasonable to consider
that the two criteria are of equal importance (i.e. the corresponding
weight is 1). In the second case, let us suppose that 100% of the par-
ticipants prefer criterion A to criterion B. In this latter case, we can
naturally conclude that criterion A is extremely more important than
criterion B (i.e. the corresponding weight is 9). More generally, if the
survey results reveal that 100 X v% of the participants prefer criterion
A to criterion B (with v in [0.5,1]), then the corresponding weight is
calculated using the affine transformation in equation (4.1).

weight = 160 -], 4.1)

where |a| is the largest integer that is less than or equal to number a. It
can be seen that the two extreme cases mentioned above corresponding
to v=0.5, and v =1 yield the weights of 1 and 9, respectively.

Using this approach, and based on the survey results that were de-
tailed in Section 4.1, Table 5 presents the obtained pairwise comparison
matrix.

Subsequently, Table 6 presents the normalized matrix that was ob-
tained by dividing each value by the sum of the entries in the corre-
sponding column. Hence, for Columns 1, 2, and 3, we divided by 6.33,
1.40, and 9, respectively.

The weights were then calculated by averaging the values of each
row (criteria) as follows:

_0.18240.174+0.286

W, = 2 =0.211

Table 6. Normalized matrix.

Criteria Economic Environment Social
Economic 0.182 0.17 0.286
Environment  0.727 0.67 0.571
Social 0.091 0.17 0.143
Table 7. Normalized
principal Eigen vector
(i.e. weights/priority
vector).
Criteria w;
Economic 0.211
Environment 0.655
Social 0.133
W, = 0.727 +0.§7 +0.571 —0.655
W, = 0.091 +0.317 +0.143 —0.133

The final weights for the main criteria are presented in Table 7.
After obtaining the weights, the consistency index was calculated
using equation (4.2):

—_—
Consistency Index (CI) = L}n
n—

(4.2)
n: number of the compared criteria

Amax: Drincipal eigenvalue.

The 4,,,, was calculated using equation (4.3):

AW =1, W 4.3)

max

A: matrix of pairwise comparison
W computed priority vector
S0 A0 =3.054

_3.054-3
2

Finally, the consistency ratio was calculated using equation (4.4):

Cci =0.027

e

CR== 4.4
i (4.9)
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Table 8. Weights of the criteria and sub-criteria weights calcu-
lated using AHP.

Criteria Sub-Criteria Weight (W)
Social Human Toxicity Potential 10.22%
Economic Cost 14.85%
Revenue 6.28%
Environment  Global warming 8.22%
Abiotic Depletion 6.63%
Marine ecotoxicity 8.60%
Freshwater ecotoxicity 8.97%
Terrestrial ecotoxicity 8.70%
Eutrophication 6.81%
Terrestrial acidification 6.53%
Photochemical oxidant formation  6.66%
Ozone depletion 7.54%

Table 9. Calculated weights us-
ing the COV method.

Process coy; Wi
GWP 1.3 5.82%
ADP 1.557 6.96%
METP 2.0899 9.33%
FETP 1.024 4.57%
TETP 1.13 5.05%
EP 1.358 6.07%
TAP 1.528 6.83%
POFP 3.09 13.81%
ODP 2.092 9.35%
HTP 5.66 25.29%
Cost 0.67 3.08%
Revenue 0.8637 3.85%

RI: random consistency index
From (Pachemska et al., 2014) we know that the RI for n =3 is 0.52, so
the random consistency index is

CR = 0.027 =0.0520
0.52
The CR was 0.0520, which is below the acceptable inconsistency value
of CR <£0.1, indicating that the inconsistency level was acceptable.
The final step was to calculate the final weight for each criterion
which presented in Table 8.

4.2.2. Objective weights: coefficient of variation method

The weights of the different performance criteria were calculated
using the COV method. The first step was to determine the standard
deviation of each criterion j using the equation (4.5):

Z:rl:l(xij _Xj)2
m

SD; =

(4.5)

After that, the COV for each criteria j was calculated using the equation
(4.6):

cov;=—=~ (4.6)
| mj |
Then, the sum of all COV was calculated to be 22.4.
Finally, the weights of each criterion were calculated using the equa-
tion (4.7):
w,= Y @7
J 22.4 ’

The results are illustrated in Table 9.

SD;
J

4.3. TOPSIS

4.3.1. TOPSIS-AHP
This section presents the results of the TOPSIS using the weights ob-
tained from the AHP approach. The highest weights were 14.85% and
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10.22%, obtained for cost and human toxicity potential, respectively.
The final ranking of the alternatives illustrates that the optimal tech-
nique for PET treatment was closed-loop recycling, followed by pyrol-
ysis, open-loop mechanical recycling, and open-loop semi-mechanical
recycling as presented in Table 10.

Based on the TOPSIS-AHP approach, closed-loop recycling was
shown to be the optimal treatment for processing PET waste consid-
ering different sustainability pillars. To confirm the results, the analysis
was repeated using objective weights computed using the COV method.
The results are presented in the next section.

4.3.2. TOPSIS-COV

The COV approach measures the degree of dispersion of the data,
meaning that the higher the dispersion, the higher the weight of the
criterion. The logic behind using this method is that the dispersion of
results will have a higher impact on the criteria weight and provide
more information about the treatment alternatives. When the dispersion
is small, the criterion does not have a significant impact on its rank.

The results of the TOPSIS-COV confirmed the previous results ob-
tained from TOPSIS-AHP, with closed-loop recycling being the top
ranked method when considering all performance criteria as shown in
Table 11.

4.4. Comparison

The analysis included subjective weights and objective weights gen-
erated using the AHP and COV methods, respectively. The advantage
of the AHP method is that it considers the preferences of the decision
makers and can thus theoretically provide an indication of the strategy
and direction of the State of Qatar in the areas of waste management
and environmental protection, allowing optimal projects aligned with
the national strategy to be selected. However, the disadvantage of AHP
is that it is influenced by the emotions and previous experiences of the
decision-makers, as well as by the number of criteria considered.

As shown in Fig. 5, the highest differences between the weights ob-
tained by the two methods were for human toxicity potential, cost,
and photochemical oxidant potential. The weight of cost decreased by
11.77% when calculated using the COV method compared to the AHP
method, which can be explained by the small variance in the cost re-
lated to each process. The low degree of desperation in the cost data
available in the literature and presented in Table 4 is the reason of the
reduction on the cost weight. This implies that cost should not signif-
icantly impact the final rank of the processes. However, using AHP,
cost is an important factor for decision-makers in selecting future ven-
tures, so the weight is higher. On the other hand, the weight of the
human toxicity potential increased by 15% when calculated using COV
because the differences were quite noticeable between the different pro-
cesses. Thus, human toxicity potential should have a greater impact on
the final rank of the techniques. The weight of freshwater ecotoxicity
potential indicator was about 4.4% less using COV. The difference in
this potential is because it had lower dispersion in terms of the data,
however since Qatar has a problem in the availability of freshwater it
has higher importance to the decision-makers. Similarly, photochemi-
cal oxidant potential increased by 7.15%. The large dispersion in the
value of these performance indicators gave it a higher weight in the
COV approach.

Despite these differences, both AHP and COV suggested that closed-
loop recycling is the optimal technique for processing PET bottle waste.
The results can be explained by the savings offered by closed-loop recy-
cling in terms of the virgin material needed to make the same amount
of PET bottles, including all energy, emissions, and other factors. While
other processes, such as pyrolysis, open-loop, and heat and energy re-
covery, offer the creation of new products, it does not impact the need
to make new bottles; therefore, the environmental burden will continue
to be the same.
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Table 10. Measurement of the ideal separation (Si*), negative-ideal separation S, and relative

closeness for TOPSIS-AHP.

Process ST S, ST +S8; C, Rank
Closed-loop 3.01x1072  2.61x107" 2.91x 107! 0.897 1
Open-loop (mechanical) 1.09x 107! 1.89x 107! 298 x 107! 0.635 3
Open-loop (semi-mechanical) 1.12x 107! 1.86x 107" 299x10°'  0.624 4
Landfill 142x107"  1.75x107'  3.16x107' 0553 6
Incineration with heat recovery 2.01x 107! 1.33x107"  334x107"  0.397 8
Incineration with heat and power recovery ~ 1.57x 107! 1.98x 107" 355x10°'  0.558 5
Glycolysis 1.70x 107! 1.61x107"  331x107" 0485 7
Pyrolysis 1.12x 107! 2.04x 107! 3.16x 107! 0.646 2

Table 11. Measurement of the ideal separation (Si*), negative-ideal separation S, and relative

closeness for TOPSIS-COV.

Process Sy S, ST +87 C, Rank
Closed-loop 9.0x 1073 4.10x 107! 4.19% 107! 0979 1
Open-loop (mechanical) 1.94x 107! 2.56x 107" 4.50x 107! 0.569 2
Open-loop (semi-mechanical) 1.97x107"  253x107"  450x107'  0.563 3
Landfill 2.21x107! 2.32x 107! 4.53%x107! 0.512 5
Incineration with heat recovery 256x 107" 2.14x107"  470x107"  0.456 7
Incineration with heat and power recovery ~ 3.55x 107! 1.73x 107" 529x10°"  0.328 8
Glycolysis 2.10x 107" 248x107"  457x107'  0.542 4
Pyrolysis 241%107"  221x107"  462x107 0479 6
GWP
30.00% Table 12. List of the weights for the main criteria
T - for each scenario.
25.00% Scenario  Environment  Economic  Social
S1 1 0 0
20.00% S2 5/6 1/6 0
S3 5/6 0 1/6
Cost 15.00% METP sS4 2/3 0 1/3
S5 2/3 1/3 0
10.00% S6 2/3 1/6 1/6
S7 1/2 172 0
S8 1/2 0 1/2
S9 1/2 1/6 1/3
L EETE S10 1/2 1/3 1/6
S11 1/3 2/3 0
S12 1/3 0 2/3
S13 1/3 1/3 1/3
S14 1/3 1/6 1/2
oDP TETP S15 1/3 1/2 1/6
S16 1/6 5/6 0
S17 1/6 0 5/6
S18 1/6 2/3 1/6
S19 1/6 1/6 2/3
POFP EP 520 1/6 1/3 1/2
S21 1/6 0.5 1/3
TAP S22 0 1 0
«=@==Subjective Weights - AHP «==@==0bjective Weights - COV S23 0 0 1
S24 0 1/3 2/3
Fig. 5. Difference between the rank of the processes using subjective and ob- $25 0 2/3 1/3
jective weights. Global Warming Potential (GWP), Abiotic Depletion Potential $26 0 5/6 1/6
(ADP), Marine Ecotoxicity Potential (METP), Freshwater Ecotoxicity Poten- S27 0 1/6 5/6
tial (FETP), Terrestrial Ecotoxicity Potential (TETP), Eutrophication Potential S28 0 1/2 1/2

(EP), Terrestrial Acidification Potential (TAP), Photochemical Oxidant Poten-
tial (POFP), Ozone Depletion Potential (ODP), and Human Toxicity Potential
(HTP).

4.5. Sensitivity analysis

A sensitivity analysis was performed for the weights of the three
main performance indicators to investigate how changes in the weights
will impact the optimal technology for the treatment of PET waste
(Fig. 6). The weights considered in the analysis for the three main cri-
teria for all scenarios are detailed in Table 12. The sensitivity analysis
consisted of 28 scenarios with different weights. Closed-loop recycling
was determined to be the optimal technology for PET waste treatment

11

in 26 (92.9%) of scenarios, with pyrolysis considered optimal in the
remaining 2 (7.1%).

Pyrolysis superseded closed-loop recycling in cases where environ-
mental indicators had either zero weight or a weight of 16.6% with zero
weight for the social indicator. The sensitivity analysis robustly proved
that closed-loop recycling technology is optimal for treating PET waste,
considering different aspects of the environment, economy, and society.

5. Conclusions
In this study, eight different PET waste treatment methods were

compared and analyzed against twelve different performance criteria
representing the pillars of sustainability: environment, economic, and
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Environment

Fig. 6. Sensitivity analysis (Green: Closed-Loop Recycling, Red: Pyrolysis).

social. This study considered eight technologies that have been well-
developed and used for the treatment of PET bottles using environmen-
tal performance criteria of global warming potential, abiotic depletion
potential, marine ecotoxicity potential, freshwater ecotoxicity poten-
tial, terrestrial ecotoxicity potential, eutrophication potential, terrestrial
acidification potential, photochemical oxidant formation, and ozone de-
pletion potential; economic criteria of the cost of the technology and
revenue; and social criteria of human toxicity potential.

Both approaches determined closed-loop recycling to be the opti-
mal technique for processing PET waste bottles in Qatar. The weights
of all performance indicators, except cost, photochemical oxidant, and
human toxicity, were comparable when calculated using the two meth-
ods. The weight of the cost was increased by approximately 12% using
the AHP approach, reflecting the decision makers’ preference to reduce
costs for any future ventures. The accuracy of this research can be fur-
ther improved if life cycle analyses were available specifically for the
State of Qatar, which represents the current PET waste management
system. However, this requires a systematic process of data collection
and analysis for all end-of-life processes. In addition, a second avenue
of research worth exploring as a natural extension of this study is the
optimization of the PET waste collection and closed-loop recycling pro-
cess.

CRediT authorship contribution statement

Author contribution statement

Nayla Ahmad Al-Thani; Mohamed Haouari: Conceived and de-
signed the experiments; Performed the experiments; Analyzed and in-
terpreted the data; Contributed reagents, materials, analysis tools or
data; Wrote the paper.

Tareq Al-Ansari: Conceived and designed the experiments; Con-
tributed reagents, materials, analysis tools or data; Wrote the paper.

12

Funding statement

This work was supported by the Awards GSRA4-1-0524-17104 from
Qatar National Research Fund (a member of the Qatar Foundation). The
contents herein are solely the responsibility of the authors.

Data availability statement

Data included in article/supplementary material/referenced in arti-
cle.

Declaration of interests statement

The authors declare no conflict of interest.
Additional information

No additional information is available for this paper.
Acknowledgements

We thank the anonymous editor for his useful edits.

References

Afrane, S., Ampah, J.D., Jin, C., Liu, H., Aboagye, E.M., 2021. Techno-economic feasibility
of waste-to-energy technologies for investment in Ghana: a multicriteria assessment
based on fuzzy TOPSIS approach. J. Clean. Prod. 318.

Aghajani Mir, M., Taherei Ghazvinei, P., Sulaiman, N.M.N., Basri, N.E.A., Saheri, S.,
Mahmood, N.Z., Jahan, A., Begum, R.A., Aghamohammadi, N., 2016. Application of
TOPSIS and VIKOR improved versions in a multi criteria decision analysis to develop
an optimized municipal solid waste management model. J. Environ. Manag. 166,
109-115.

Al-Salem, S.M., Uddin, S., Lyons, B., 2020. Evidence of microplastics (MP) in gut content
of major consumed marine fish species in the State of Kuwait (of the Arabian/Persian
Gulf). Mar. Pollut. Bull. 154, 111052.

Alabi, O.A., Ologbonjaye, K.I., Awosolu, O., Alalade, O.E., 2019. Public and environmen-
tal health effects of plastic wastes disposal: a review. J. Toxicol. Risk Assess. 5, 21.


http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC4CA4238A0B923820DCC509A6F75849Bs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC4CA4238A0B923820DCC509A6F75849Bs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC4CA4238A0B923820DCC509A6F75849Bs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC81E728D9D4C2F636F067F89CC14862Cs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC81E728D9D4C2F636F067F89CC14862Cs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC81E728D9D4C2F636F067F89CC14862Cs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC81E728D9D4C2F636F067F89CC14862Cs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC81E728D9D4C2F636F067F89CC14862Cs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib8F14E45FCEEA167A5A36DEDD4BEA2543s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib8F14E45FCEEA167A5A36DEDD4BEA2543s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib8F14E45FCEEA167A5A36DEDD4BEA2543s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibECCBC87E4B5CE2FE28308FD9F2A7BAF3s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibECCBC87E4B5CE2FE28308FD9F2A7BAF3s1

N.A. Al-Thani, T. Al-Ansari and M. Haouari

Alao, M.A., Ayodele, T.R., Ogunjuyigbe, A.S.O., Popoola, O.M., 2020. Multi-criteria de-
cision based waste to energy technology selection using entropy-weighted TOPSIS
technique: the case study of Lagos, Nigeria. Energy 201, 117675.

Alao, M.A., Popoola, O.M., Ayodele, T.R., 2021. Selection of waste-to-energy technology
for distributed generation using IDOCRIW-Weighted TOPSIS method: a case study of
the City of Johannesburg, South Africa. Renew. Energy 178, 162-183.

Aryan, Y., Yadav, P., Samadder, S.R., 2019. Life Cycle Assessment of the existing and pro-
posed plastic waste management options in India: a case study. J. Clean. Prod. 211,
1268-1283.

Asefi, H., Lim, S., 2017. A novel multi-dimensional modeling approach to integrated mu-
nicipal solid waste management. J. Clean. Prod. 166, 1131-1143.

Balwada, J., Samaiya, S., Mishra, R.P., 2021. Packaging plastic waste management for
a circular economy and identifying a better waste collection system using analytical
hierarchy process (AHP). Proc. CIRP 98, 270-275.

Bennet, A., Bennet, D., 2008. The decision-making process in a complex situation BT. In:
Burstein, F., Holsapple, C.W. (Eds.), Handbook on Decision Support Systems 1: Basic
Themes. Springer Berlin Heidelberg, Berlin, Heidelberg, pp. 3—-20.

Chauhan, R., Singh, T., Patnaik, A., Thakur, N.S., Kim, S.C., Fekete, G., 2020. Experimen-
tal investigation and multi objective optimization of thermal-hydraulic performance
in a solar heat collector. Int. J. Therm. Sci. 147.

Chen, C., Wen, Z., Wang, Y., Zhang, W., Zhang, T., 2022. Multi-objective optimization of
technology solutions in municipal solid waste treatment system coupled with pollu-
tants cross-media metabolism issues. Sci. Total Environ. 807, 150664.

Chilton, T., Burnley, S., Nesaratnam, S., 2010. A life cycle assessment of the closed-loop
recycling and thermal recovery of post-consumer PET. Resour. Conserv. Recycl. 54,
1241-1249.

Coban, A., Ertis, LF., Cavdaroglu, N.A., 2018. Municipal solid waste management via
multi-criteria decision making methods: a case study in Istanbul, Turkey. J. Clean.
Prod. 180, 159-167.

Cutek, L., Klemes, J.J., Kravanja, Z., 2015. Overview of environmental footprints. Assess.
Meas. Environ. Impact Sustain., 131-193.

de Marchi, E., Pigliafreddo, S., Banterle, A., Parolini, M., Cavaliere, A., 2020. Plastic
packaging goes sustainable: an analysis of consumer preferences for plastic water
bottles. Environ. Sci. Policy 114, 305-311.

Deng, H., Yeh, C.H., Willis, R.J., 2000. Inter-company comparison using modified TOPSIS
with objective weights. Comput. Oper. Res. 27, 963-973.

Deshpande, P.C., Skaar, C., Brattebg, H., Fet, A.M., 2020. Multi-criteria decision analysis
(MCDA) method for assessing the sustainability of end-of-life alternatives for waste
plastics: a case study of Norway. Sci. Total Environ. 719, 137353.

Estay-Ossandon, C., Mena-Nieto, A., Harsch, N., 2018. Using a fuzzy TOPSIS-based sce-
nario analysis to improve municipal solid waste planning and forecasting: a case
study of Canary archipelago (1999-2030). J. Clean. Prod. 176, 1198-1212.

Fairbrother, A., Hope, B., 2005. Terrestrial ecotoxicology. In: Encyclopedia of Toxicology,
pp. 138-142.

Gabathuler, H., 2006. LCA history: Centrum voor Milieukunde Leiden (CML) the CML
story. Int. J. 2, 127-132.

Gad, S.C., 2005. Photochemical oxidants. In: Encyclopedia of Toxicology, pp. 422-423.

Gambella, C., Maggioni, F., Vigo, D., 2019. A stochastic programming model for a tactical
solid waste management problem. Eur. J. Oper. Res. 273, 684-694.

Geetha, S., Narayanamoorthy, S., Kureethara, J.V., Baleanu, D., Kang, D., 2021. The
hesitant Pythagorean fuzzy ELECTRE III: an adaptable recycling method for plastic
materials. J. Clean. Prod. 291.

General Secretariat for Development Planning, 2009. Advancing Sustainable Develop-
ment: Qatar’s Second Human Development Report.

Geyer, R., Jambeck, J.R., Law, K.L., 2017. Production, use, and fate of all plastics ever
made. Sci. Adv. 3, 3-8.

Govind Kharat, Manoj, Murthy, S., Jaisingh Kamble, S., Raut, R.D., Kamble, S.S., Govind
Kharat, Mukesh, 2019. Fuzzy multi-criteria decision analysis for environmentally con-
scious solid waste treatment and disposal technology selection. Technol. Soc. 57,
20-29.

Gradus, R., van Koppen, R., Dijkgraaf, E., Nillesen, P., 2016. A Cost-Effectiveness Analysis
for Incineration or Recycling of Dutch Household Plastics.

Guinée, J.B., Gorrée, M., Heijungs, R., Huppes, G., Kleijn, R., Koning, A., de Oers, L.v.,
Sleeswijk, A.W., Suh, S., Haes, H.A., 2001. Life cycle assessment: an operational guide
to the ISO standards.

Huang, I.B., Keisler, J., Linkov, L., 2011. Multi-criteria decision analysis in environmental
sciences: ten years of applications and trends. Sci. Total Environ. 409, 3578-3594.

1SO1405, 2020. International Standard - Vocabulary.

Keshavarz-Ghorabaee, M., Amiri, M., Zavadskas, E.K., Turskis, Z., Antucheviciene, J.,
2021. Determination of objective weights using a new method based on the removal
effects of criteria (Merec). Symmetry 13, 1-20.

Lendvai, L., Ronkay, F., Wang, G., Zhang, S., Guo, S., Ahlawat, V., Singh, T., 2022. De-
velopment and characterization of composites produced from recycled polyethylene
terephthalate and waste marble dust. Polym. Compos., 3951-3959.

13

Heliyon 8 (2022) e10274

Majumdar, A., Shukla, S., Singh, A.A., Arora, S., 2020. Circular fashion: properties of
fabrics made from mechanically recycled poly-ethylene terephthalate (PET) bottles.
Resour. Conserv. Recycl. 161.

Manupati, V.K., Ramkumar, M., Baba, V., Agarwal, A., 2021. Selection of the best health-
care waste disposal techniques during and post COVID-19 pandemic era. J. Clean.
Prod. 281, 125175.

Meng, Y., Tian, X., Li, Z., Zhou, W., Zhou, Z., Zhong, M., 2020. Exploring node importance
evolution of weighted complex networks in urban rail transit. Physica A 558.

OECD, 2013. Development Results: An Overview of Results Measurement and Manage-
ment, pp. 1-8.

Opricovic, S., Tzeng, G.H., 2004. Compromise solution by MCDM methods: a comparative
analysis of VIKOR and TOPSIS. Eur. J. Oper. Res. 156, 445-455.

Pachemska, T.A., Lapevski, M., Timovski, R., 2014. Analytical Hierarchical Process (AHP)
method application in the process of selection and evaluation. In: Proceedings Con-
ference “UNITECH”. Internatinal Scientific, Gabrovo, pp. 373-380.

Parker, L., 2019. How the plastic bottle went from miracle container to hated garbage
[WWW document]. How the plastic bottle went from miracle container to hated
garbage. https://www.nationalgeographic.com/environment/article/plastic-bottles.
(Accessed 28 November 2021).

Pires, A., Chang, N.-B., Martinho, G., 2011. An AHP-based fuzzy interval TOPSIS assess-
ment for sustainable expansion of the solid waste management system in Settibal
Peninsula, Portugal. Resour. Conserv. Recycl. 56, 7-21.

Pjanic, M., 2017. The role of polycarbonate monomer bisphenol-a in insulin resistance.
PeerJ 5, e3809.

Qatar Development Bank, 2017. Materials. Recovery 2017, 1-188.

Rentizelas, A., Shpakova, A., Masek, O., 2018. Designing an optimised supply network
for sustainable conversion of waste agricultural plastics into higher value products.
J. Clean. Prod. 189, 683-700.

Russo, RAF.S.M., Camanho, R., 2015. Criteria in AHP: a systematic review of literature.
Proc. Comput. Sci. 55, 1123-1132.

Rustagi, N., Pradhan, S.K., Singh, R., 2011. Public health impact of plastics: an overview.
Indian J. Occup. Environ. Med. 15, 100-103.

Saaty, R.W., 1987. The analytic hierarchy process-what it is and how it is used. Math.
Model. 9, 161-176.

Saidani, M., Yannou, B., Leroy, Y., Cluzel, F., Kendall, A., 2019. A taxonomy of circular
economy indicators. J. Clean. Prod. 207, 542-559.

Sax, L., 2010. Polyethylene terephthalate May yield endocrine disruptors. Environ. Health
Perspect. 118, 445-448.

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

Shen, L., Worrell, E., Patel, M.K., 2010. Open-loop recycling: a LCA case study of PET
bottle-to-fibre recycling. Resour. Conserv. Recycl. 55 (1), 34-52.

Singh, T., 2021. A hybrid multiple-criteria decision-making approach for selecting optimal
automotive brake friction composite. Mater. Des. Proc. Commun. 3, 1-12.

Vinodh, S., Prasanna, M., Hari Prakash, N., 2014. Integrated fuzzy AHP-TOPSIS for se-
lecting the best plastic recycling method: a case study. Appl. Math. Model. 38,
4662-4672.

Wagner, M., Oehlmann, J., 2009. Endocrine disruptors in bottled mineral water: total
estrogenic burden and migration from plastic bottles. Environ. Sci. Pollut. Res. Int. 16,
278-286.

Wang, Y., Gu, Y., Wu, Y., Zhou, G., Wang, H., Han, H., Chang, T., 2020. Performance sim-
ulation and policy optimization of waste polyethylene terephthalate bottle recycling
system in China. Resour. Conserv. Recycl. 162.

Willard, C., 2019. The Future of Plastic Recycling.

Wohner, B., Gabriel, V.H., Krenn, B., Krauter, V., Tacker, M., 2020. Environmental and
economic assessment of food-packaging systems with a focus on food waste. Case
study on tomato ketchup. Sci. Total Environ. 738, 139846.

World Bank Group, 2018. What a Waste 2.0.

Wouebbles, D.J., 2015. Ozone depletion and related topics: ozone depletion potentials. In:
Encyclopedia of Atmospheric Sciences, second, first ed. Elsevier.

Xu, Z., Elomri, A., Pokharel, S., Zhang, Q., Ming, X.G., Liu, W., 2017. Global reverse
supply chain design for solid waste recycling under uncertainties and carbon emission
constraint. Waste Manag. 64, 358-370.

Yilmaz Balaman, S., Wright, D.G., Scott, J., Matopoulos, A., 2018. Network design and
technology management for waste to energy production: an integrated optimization
framework under the principles of circular economy. Energy 143, 911-933.

Yoon, K., Hwang, C.L., 1981. Multiple Attribute Decision Making: Methods and Applica-
tions. Springer, Berlin/Heidelberg, Germany.

Yoshioka, T., Grause, G., Eger, C., Kaminsky, W., Okuwaki, A., 2004. Pyrolysis of
poly(ethylene terephthalate) in a fluidised bed plant. Polym. Degrad. Stab. 86 (3),
499-504.


http://refhub.elsevier.com/S2405-8440(22)01562-6/bibE4DA3B7FBBCE2345D7772B0674A318D5s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibE4DA3B7FBBCE2345D7772B0674A318D5s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibE4DA3B7FBBCE2345D7772B0674A318D5s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib1679091C5A880FAF6FB5E6087EB1B2DCs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib1679091C5A880FAF6FB5E6087EB1B2DCs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib1679091C5A880FAF6FB5E6087EB1B2DCs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC9F0F895FB98AB9159F51FD0297E236Ds1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC9F0F895FB98AB9159F51FD0297E236Ds1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC9F0F895FB98AB9159F51FD0297E236Ds1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib45C48CCE2E2D7FBDEA1AFC51C7C6AD26s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib45C48CCE2E2D7FBDEA1AFC51C7C6AD26s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD3D9446802A44259755D38E6D163E820s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD3D9446802A44259755D38E6D163E820s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD3D9446802A44259755D38E6D163E820s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6512BD43D9CAA6E02C990B0A82652DCAs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6512BD43D9CAA6E02C990B0A82652DCAs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6512BD43D9CAA6E02C990B0A82652DCAs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib33E75FF09DD601BBE69F351039152189s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib33E75FF09DD601BBE69F351039152189s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib33E75FF09DD601BBE69F351039152189s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC51CE410C124A10E0DB5E4B97FC2AF39s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC51CE410C124A10E0DB5E4B97FC2AF39s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC51CE410C124A10E0DB5E4B97FC2AF39s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC20AD4D76FE97759AA27A0C99BFF6710s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC20AD4D76FE97759AA27A0C99BFF6710s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC20AD4D76FE97759AA27A0C99BFF6710s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibAAB3238922BCC25A6F606EB525FFDC56s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibAAB3238922BCC25A6F606EB525FFDC56s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibAAB3238922BCC25A6F606EB525FFDC56s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib9BF31C7FF062936A96D3C8BD1F8F2FF3s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib9BF31C7FF062936A96D3C8BD1F8F2FF3s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC74D97B01EAE257E44AA9D5BADE97BAFs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC74D97B01EAE257E44AA9D5BADE97BAFs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC74D97B01EAE257E44AA9D5BADE97BAFs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib70EFDF2EC9B086079795C442636B55FBs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib70EFDF2EC9B086079795C442636B55FBs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6F4922F45568161A8CDF4AD2299F6D23s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6F4922F45568161A8CDF4AD2299F6D23s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6F4922F45568161A8CDF4AD2299F6D23s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6E9797085885213BBE592CC6A11F2C29s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6E9797085885213BBE592CC6A11F2C29s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6E9797085885213BBE592CC6A11F2C29s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib3C59DC048E8850243BE8079A5C74D079s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib3C59DC048E8850243BE8079A5C74D079s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibB6D767D2F8ED5D21A44B0E5886680CB9s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibB6D767D2F8ED5D21A44B0E5886680CB9s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib37693CFC748049E45D87B8C7D8B9AACDs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib1FF1DE774005F8DA13F42943881C655Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib1FF1DE774005F8DA13F42943881C655Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib8E296A067A37563370DED05F5A3BF3ECs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib8E296A067A37563370DED05F5A3BF3ECs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib8E296A067A37563370DED05F5A3BF3ECs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib4E732CED3463D06DE0CA9A15B6153677s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib4E732CED3463D06DE0CA9A15B6153677s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib02E74F10E0327AD868D138F2B4FDD6F0s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib02E74F10E0327AD868D138F2B4FDD6F0s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib34173CB38F07F89DDBEBC2AC9128303Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib34173CB38F07F89DDBEBC2AC9128303Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib34173CB38F07F89DDBEBC2AC9128303Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib34173CB38F07F89DDBEBC2AC9128303Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6EA9AB1BAA0EFB9E19094440C317E21Bs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6EA9AB1BAA0EFB9E19094440C317E21Bs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6364D3F0F495B6AB9DCF8D3B5C6E0B01s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6364D3F0F495B6AB9DCF8D3B5C6E0B01s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC16A5320FA475530D9583C34FD356EF5s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib182BE0C5CDCD5072BB1864CDEE4D3D6Es1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib182BE0C5CDCD5072BB1864CDEE4D3D6Es1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib182BE0C5CDCD5072BB1864CDEE4D3D6Es1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibE369853DF766FA44E1ED0FF613F563BDs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibE369853DF766FA44E1ED0FF613F563BDs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibE369853DF766FA44E1ED0FF613F563BDs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib1C383CD30B7C298AB50293ADFECB7B18s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib1C383CD30B7C298AB50293ADFECB7B18s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib1C383CD30B7C298AB50293ADFECB7B18s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib19CA14E7EA6328A42E0EB13D585E4C22s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib19CA14E7EA6328A42E0EB13D585E4C22s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib19CA14E7EA6328A42E0EB13D585E4C22s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibA5BFC9E07964F8DDDEB95FC584CD965Ds1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibA5BFC9E07964F8DDDEB95FC584CD965Ds1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6C8349CC7260AE62E3B1396831A8398Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib6C8349CC7260AE62E3B1396831A8398Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibA5771BCE93E200C36F7CD9DFD0E5DEAAs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibA5771BCE93E200C36F7CD9DFD0E5DEAAs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD9D4F495E875A2E075A1A4A6E1B9770Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD9D4F495E875A2E075A1A4A6E1B9770Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD9D4F495E875A2E075A1A4A6E1B9770Fs1
https://www.nationalgeographic.com/environment/article/plastic-bottles
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD67D8AB4F4C10BF22AA353E27879133Cs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD67D8AB4F4C10BF22AA353E27879133Cs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD67D8AB4F4C10BF22AA353E27879133Cs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib642E92EFB79421734881B53E1E1B18B6s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib642E92EFB79421734881B53E1E1B18B6s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibF457C545A9DED88F18ECEE47145A72C0s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD645920E395FEDAD7BBBED0ECA3FE2E0s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD645920E395FEDAD7BBBED0ECA3FE2E0s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD645920E395FEDAD7BBBED0ECA3FE2E0s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC0C7C76D30BD3DCAEFC96F40275BDC0As1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibC0C7C76D30BD3DCAEFC96F40275BDC0As1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib2838023A778DFAECDC212708F721B788s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib2838023A778DFAECDC212708F721B788s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib9A1158154DFA42CADDBD0694A4E9BDC8s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib9A1158154DFA42CADDBD0694A4E9BDC8s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD82C8D1619AD8176D665453CFB2E55F0s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibD82C8D1619AD8176D665453CFB2E55F0s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibA684ECEEE76FC522773286A895BC8436s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibA684ECEEE76FC522773286A895BC8436s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibB53B3A3D6AB90CE0268229151C9BDE11s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibB53B3A3D6AB90CE0268229151C9BDE11s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibB53B3A3D6AB90CE0268229151C9BDE11s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibB53B3A3D6AB90CE0268229151C9BDE11s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibA1D0C6E83F027327D8461063F4AC58A6s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibA1D0C6E83F027327D8461063F4AC58A6s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib9F61408E3AFB633E50CDF1B20DE6F466s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib9F61408E3AFB633E50CDF1B20DE6F466s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib17E62166FC8586DFA4D1BC0E1742C08Bs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib17E62166FC8586DFA4D1BC0E1742C08Bs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib17E62166FC8586DFA4D1BC0E1742C08Bs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib72B32A1F754BA1C09B3695E0CB6CDE7Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib72B32A1F754BA1C09B3695E0CB6CDE7Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib72B32A1F754BA1C09B3695E0CB6CDE7Fs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib66F041E16A60928B05A7E228A89C3799s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib66F041E16A60928B05A7E228A89C3799s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib66F041E16A60928B05A7E228A89C3799s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib093F65E080A295F8076B1C5722A46AA2s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibF7177163C833DFF4B38FC8D2872F1EC6s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibF7177163C833DFF4B38FC8D2872F1EC6s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibF7177163C833DFF4B38FC8D2872F1EC6s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib072B030BA126B2F4B2374F342BE9ED44s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib7F39F8317FBDB1988EF4C628EBA02591s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib7F39F8317FBDB1988EF4C628EBA02591s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibF391A103EF76106D584B5372FC117DC7s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibF391A103EF76106D584B5372FC117DC7s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibF391A103EF76106D584B5372FC117DC7s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib03AFDBD66E7929B125F8597834FA83A4s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib03AFDBD66E7929B125F8597834FA83A4s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bib03AFDBD66E7929B125F8597834FA83A4s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibFC490CA45C00B1249BBE3554A4FDF6FBs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibFC490CA45C00B1249BBE3554A4FDF6FBs1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibEA5D2F1C4608232E07D3AA3D998E5135s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibEA5D2F1C4608232E07D3AA3D998E5135s1
http://refhub.elsevier.com/S2405-8440(22)01562-6/bibEA5D2F1C4608232E07D3AA3D998E5135s1

	Integrated TOPSIS-COV approach for selecting a sustainable PET waste management technology: A case study in Qatar
	1 Introduction
	2 Multi-criteria decision analysis of waste systems
	2.1 Municipal solid waste management applications
	2.2 Plastic waste management applications

	3 Materials and methods
	3.1 Performance indicators
	3.2 List of PET waste treatment
	3.3 Technique for order of preference by similarity to ideal solution
	3.4 Analytic hierarchy process
	3.5 Coefficient of variation (COV) approach

	4 Results and discussion
	4.1 Case study
	4.2 Calculation of the weights
	4.2.1 Subjective weights: analytical hierarchy process
	4.2.2 Objective weights: coefficient of variation method

	4.3 TOPSIS
	4.3.1 TOPSIS-AHP
	4.3.2 TOPSIS-COV

	4.4 Comparison
	4.5 Sensitivity analysis

	5 Conclusions
	CRediT authorship contribution statement
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	Acknowledgements
	References


