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Abstract
Environmental pollution has been a major concern for researchers and policymakers. A number of studies have been conducted to 
enquire the causes of environmental pollution which suggested numerous policies and techniques as remedial measures. One such 
major source of environmental pollution, as reported by previous studies, has been the garbage resulting from disposed hospital 
wastes. The recent outbreak of the COVID-19 pandemic has resulted into mass generation of medical waste which seems to have 
further deteriorated the issue of environmental pollution. This necessitates active attention from both the researchers and policy-
makers for effective management of medical waste to prevent the harm to environment and human health. The issue of medical 
waste management is more important for countries lacking sophisticated medical infrastructure. Accordingly, the purpose of this 
study is to propose a novel application for identification and classification of 10 hospitals in Iraq which generated more medical 
waste during the COVID-19 pandemic than others in order to address the issue more effectively. We used the Multi-Criteria 
Decision Making (MCDM) method to this end. We integrated MCDM with other techniques including the Analytic Hierarchy 
Process (AHP), linear Diophantine fuzzy set decision by opinion score method (LDFN-FDOSM), and Artificial Neural Network 
(ANN) analysis to generate more robust results. We classified medical waste into five categories, i.e., general waste, sharp waste, 
pharmaceutical waste, infectious waste, and pathological waste. We consulted 313 experts to help in identifying the best and the 
worst medical waste management technique within the perspectives of circular economy using the neural network approach. The 
findings revealed that incineration technique, microwave technique, pyrolysis technique, autoclave chemical technique, vaporized 
hydrogen peroxide, dry heat, ozone, and ultraviolet light were the most effective methods to dispose of medical waste during the 
pandemic. Additionally, ozone was identified as the most suitable technique among all to serve the purpose of circular economy 
of medical waste. We conclude by discussing the practical implications to guide governments and policy makers to benefit from 
the circular economy of medical waste to turn pollutant hospitals into sustainable ones.
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Introduction

In 2015, all the member states of the United Nations adopted 
the 2030 agenda for sustainable development as a plausible 
solution to the social, economic, and environmental issues. 
This commitment highlights the significance of sustain-
ability of the environment for the survival of humans as 
well as of organizations. Future economic growth is highly 
dependent on the sustainable business models (Despeisse 
et al., 2012; Akanbi et al., 2018; Sassanelli et al., 2019). 
Sustainability, thus, is one of the major concerns for con-
temporary organizations and it exceeds the environmental 
concerns. Consumers have prompted manufacturers to rede-
sign their products for the purpose of reuse and recycling to 
generate added value (Aitken et al., 2021; Qiu et al., 2021; 
Aboramadan et al., 2021). Consequently, manufacturers have 
moved away from the traditional business models to sustain-
able ones—(Kulkarni, & Anantharama, 2020; Shuv-Ami & 
Shalom, 2020; Purnomo et al., 2021)—models based on the 
concept of circular economy (Eneizan et al., 2019; Al-Abr-
row et al., 2021a; Abdulaali et al., 2019; Khaw et al., 2022a).

Circular economy is a mode of economic development that 
complies with the environmental and ecological standards and 
is based on the principles of “reduce the usage of resources, 
reuse and recycle” (Zhijun & Nailing, 2007). Its economic 
framework seeks to eliminate “waste” and turns it into use-
able materials and, thus, promotes the reuse of resources to 
optimum levels. The entire circular economic system is aimed 
at re-exploitation, regeneration, repair, and recycling of the 
resources to develop a closed-loop system that minimizes the 
input resources (Suresh et al., 2020; Nandi et al., 2021; Silva 
et al., 2021). The reuse of resources works as raw materials for 
the production of other goods (Rume & Islam, 2020; Teymour-
ian et al., 2021). This also reduces the production cost incurred 
on the acquisition of raw materials. Resultantly, greater effi-
ciency in production can be achieved by dismantling the criti-
cal elements and focusing more on the sub-processes which 
increase the overall production cost of the entire production 
process (MacNeill et al., 2020; Moraes et al., 2021).

Circular economy in the production medical item has 
started to catch the attention of scientists, researchers, and 
professionals, especially after the voluminous generation of 
medical waste during and after the COVID-19 pandemic. 
Medical waste management and disposal is closely linked to 
the future sustainability goals. The current practices of man-
aging and disposing medical waste are not according to the 
approved standards of WHO, whereas the situation in devel-
oping and less developed countries is rather graver vis-a-vis 
the developed world. Developed countries are more focused 
on the growth of supply chain of medical equipment industry 
to curtail the medical waste and increase reuse and recycling 
of medical waste (Solomon et al., 2020; Iyengar et al., 2020). 

On the other hand, appropriate management of medical waste 
is an essential matter for the medical organizations in coun-
tries like Iraq which is facing economic development issues. 
The relevant studies have found that medical waste gener-
ated in the wake of COVID-19 is more contagious (Rupani 
et al., 2020; Ibn-Mohammed et al., 2021). Medical waste is 
generated not only in hospitals but also at home by health-
care users. The first one is classified as hazardous and the 
second one as non-hazardous waste (Mekonnen et al., 2021). 
According to the WHO, the hazardous medical waste is more 
harmful to human health than the non-hazardous one (Kumar 
et al., 2020a; Rupani et al., 2020). Though the uses of plastic-
made personal protective equipment (PPE) have protected the 
medical workers form coronavirus, at the same time, it sought 
proper attention toward their disposal as they could become 
carrier of viruses. People have been afraid of infection, and 
the mandatory instructions implemented by many countries 
to use masks, gloves, and other tools have led to increased 
consumption of PPE and the consequent disposal (Debnath 
et al., 2021; Vanapalli et al., 2021). Although the PPE reduced 
the incidence of COVID-19 infection, the discardable PPE 
led to an enormous increase in environmental pollution (Ran-
jbari et al., 2022). Thus, effective methods must be provided 
to ensure safety and reduce infection rates by increasing the 
effectiveness of waste disposal (Teymourian et al., 2021).

Ibn-Mohammed et al. (2021) provided a critical review of 
the negative impacts of the global epidemic in terms of medical 
waste from the perspective of the circular economy. Similarly, 
Chojnacka et al. (2021) and Debnath et al. (2021) comprehen-
sively discussed the issue of medical waste and its disposal tech-
niques. There are various studies to this end but none of them 
has focused on “how to classify the hospitals according to their 
treatment of medical waste?,” especially in the context of Iraq.

Previous studies (e.g., Teymourian et al., 2021; Ranjbari 
et al., 2022) have found that there is lack of evidence as 
to rank hospitals with respect to their medical waste gen-
eration in the view of circular economy. Also, there are no 
appropriate methods on which Iraqi hospitals rely to dispose 
of medical waste. Ranking of hospitals according to their 
respective medical waste generation can help policymak-
ers to devise appropriate methods for dealing the issues of 
increased consumption and usage of medical waste dur-
ing the COVID-19 pandemic (Wuyts et al., 2020). Previ-
ous research suggested a few methods for weighing the 
volume and type of medical waste generated by hospitals 
and other medical facilities. These methods include AHP, 
Technique for Order of Preference by Similarity to Ideal 
Solution (TOPSIS), VIšekriterijumsko KOmpromisno Ran-
giranje (VIKOR), and FDOSM. Among these, FDOSM is 
the latest one (Khaw et al., 2021) which addresses many 
of the issues of uncertainty, increased comparisons, and 
the problem of consistency associated with other methods 
(Mohammed et al., 2022). Generally, all these techniques 
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come under the umbrella of MCDM methods. MCDM has 
some major issues of ambiguity and unclear information. It 
is considered a unique MCDM technique in a fuzzy environ-
ment that employs the idea of an optimal situation and an 
opinion matrix to address the earlier mentioned issues of 
other techniques (Albahri et al., 2022a). In addition, it makes 
reasonable conclusions by seeking experts’ opinions. For the 
comparison process, FDOSM is able to reduce the wasting 
time because of its ability to overcome human unreliabil-
ity. It also mitigates the number of mathematical equations 
required. As a result, this method saves data and makes intel-
ligent decisions. Besides, the normalization and the weight 
of the mathematical method issues are also addressed by 
FDOSM. By using fuzzy numbers, it is possible to overcome 
the uncertainty of the data (Mohammed et al., 2022). Several 
types of fuzzy sets have been used with FDOSM to address 
the issue of uncertainty such as intuitionistic fuzzy sets, 
interval-valued fuzzy sets, and T-spherical fuzzy environ-
ments (Mohammed et al., 2022; Albahri et al., 2022b). Until 
now, according to the best of the authors’ knowledge, there 
is currently no study that expanded the FDOSM method 
with the LDFN environment to rank hospitals based on the 
generation of medical waste and proposed a smart solution 
to the problem of hospitals’ waste. When compared to other 
fuzzy concepts such as hesitant fuzzy sets, Pythagorean 
fuzzy, and T-spherical fuzzy sets, LDFN is considered an 
easy to use and flexible tool (Narayanamoorthy et al., 2022).

Earlier studies have used, specifically, Decision-Making 
Testing and Evaluation method (DEMATEL), to provide 
information about hospitals with a high rate of medical waste. 
However, these hospitals were not ranked according to the 
kinds of medical waste. Our study addresses this issue and 
simultaneously helps to rank hospitals with respect to the 
amount and type of medical waste. Additionally, hospitals in 
Iraq have limited methods to deal with the medical waste dur-
ing the COVID-19 epidemic (Chauhan et al., 2020). Studies 
relevant to medical waste during COVID-19 have presented 
some effective techniques to avoid COVID-19 dissemination 
through waste, such as incineration technique, pyrolysis tech-
nique, microwave technique, autoclave chemical technique, 
vaporized hydrogen peroxide, dry heat, ozone, and ultraviolet 
light (Teymourian et al., 2021; Liu et al., 2021).

The coronavirus global epidemic had already affected the 
world due to the general rise of ecological concerns caused 
mainly by the quantity of used PPE. Besides the need for pro-
tection, the circular economy strategies of plastic recycling 
systems and ecologically benign and renewable alternatives 
for balancing sustainability need to be observed. According 
to the hospital rank in the MCDM analysis, the ANN analy-
sis would suggest an applicable approach to the disposal of 
medical waste by determining the most suitable method of 
disposal of medical waste and providing a solution with high 
consistency and certainty. This study is focusing on hospitals 

in Iraq to rank and prioritized them according to volume 
of medical waste generated and treated in the aftermath of 
COVID-19 using a dual-stage MCDM and ANN approach. 
Thus, the main contribution of this study is the classification 
of hospitals on the basis of medical waste using the novel 
method LDFN-FDOSM. In addition, we have adopted a non-
compensatory method (i.e., ANN) to provide a solution to 
hospitals about the best way to dispose of medical waste.

As we have been living in the times of the coronavirus, 
concern for human health is one of the most important aspects 
of health and environmental institutions. Controlling medi-
cal waste has become a critical challenge confronting medi-
cal fraternity worldwide, particularly during the COVID-19 
pandemic crisis. The waste produced by hospitals is consid-
ered one of the essential sources that caused the spread of the 
virus. Therefore, our study aims to prevent the spread of the 
virus and mitigate environmental phenomena, such as global 
warming and emissions. Besides, the selection and evaluation 
of the best and the worst hospitals contribute to solving envi-
ronmental and economic problems by providing insights into 
policymakers to reduce hospital waste. Furthermore, the study 
tends to inform the decision-makers about the circular econ-
omy’s contribution to decreasing resource waste and misuse. 
The final motivation is to decrease the time and expense of 
disposing of medical waste and to establish the best strategy 
for each institution during the coronavirus outbreak. Theoreti-
cally, when selecting the most suitable hospital, multiple vari-
ables must be taken into account. The situation clearly shows 
that the MCDM method can be used to tackle the ideal and 
worst hospital while AHP with LDFN-FDOSM is the most 
appropriate method of dealing with this condition.

This research paper is organized to present literature 
review and the current state of the circular economy for 
medical research. The next section, “Methodology,” explains 
the research procedures, followed by the “Results and dis-
cussion” section. In the end, “Conclusion” has been derived 
based on the findings and discussion.

Literature review

This section describes medical waste management and the 
circular economy. Furthermore, the following subsections 
explain the effectiveness of the circular economy in the dis-
posal of medical waste.

Medical waste

In the recent past, pandemics (COVID-19, Ebola, SARS) and 
other infectious diseases (avian influenza, cholera, diphtheria, 
etc.) have exposed the world health systems and posed major 
health challenges for researchers and medical policymakers 
and practitioners. The spread of these diseases across various 
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countries has posed different medical issues depending upon 
the fragility of the respective health system. To meet the chal-
lenges of pandemics and infectious diseases, the demand for 
medical equipment and other medical supplies has increased 
multifold (Singh, Ogunseitan & Tang, 2022). As a result 
of the mass production, the disposal of medical waste has 
become a humungous task to manage. Medical waste from 
the hospitals and private medical institutions is increasing 
regularly. It has been found that hospitals and other health-
care facilities are one of the major sources of environmental 
pollution and, according to one study, it is estimated to be 
contributing 4.4% of the greenhouses gas emissions (Karliner 
et al., 2020). In addition to environmental issue, the medical 
waste is also expensive to manage. It is reported that the cost 
of managing medical waste will reach to $17.89 billion in 
2026 as compared to $11.77 billion in 2018, which is equiva-
lent to the compound annual increase of 5.3% (RD Reports 
and Data, 2020). Also, due to the strict regulations by the 
governments especially after the outbreak of COVID-19, there 
is huge increase in medical waste particularly in developing 
countries. Thus, the gradual growth in medical waste after 
COVID-19 is posing a major threat not only to the environ-
ment but it is also emerging as a serious health concern all 
over the world (Peng et al., 2020, Singh et al., 2020a).

Pachauri et al. (2019) reported that more than half of the 
globe’s population was exposed to a variety of environmen-
tal and health issues due to the hazardous disposal of medical 
waste even before COVID-19. The hazardous disposal of medi-
cal waste is considered to be one of the major reasons of infec-
tious diseases in economically less developed countries (Wil-
liams et al., 2019). The World Health Organization reported 
in 2018 that due to the repeated usage of infected syringes the 
spread of infectious diseases including hepatitis B has been 
21 million, hepatitis C 2 million, and HIV aids 0.26 million 
around the globe. Similarly, another study of the WHO in 2015 
across 24 countries reported that 18–64% of hospitals in less 
developed countries do not dispose of their medical waste in an 
appropriate way. The study revealed that among the countries in 
South-East Asia region, only 44% of the hospitals have proper 
mechanism of collection and disposal of the medical waste. 
Medical waste refers to all the wastage produced in hospital 
during the treatment which consists of excretions of the patients 
through blood and other ways. It also includes the used medical 
equipment and supplies like syringes, bottles, gloves and other 
personal protective equipment (PPE) (Fadhil et al., 2021; Hadi 
et al., 2018; AL-Abrrow et al., 2021b; Abbas et al., 2022).

COVID‑19 and medical waste

The abrupt upsurge of COVID-19 has increased the require-
ments for medical equipment and other medical supplies. 
There has been spontaneous usage of medical equipment, 
especially the PPE. Accordingly, the disposal of medical 

waste has become a strategic management issue across 
various countries, particularly in those countries where the 
medical infrastructure is not much developed and where 
there are no regulations to medical waste disposal (Singh 
et al., 2020b). Lack of preparedness in many countries to 
combat the challenge of COVID-19 resulted into numer-
ous social, economic, environmental, and medical issues 
due to the limited recycling and inappropriate dumping 
facilities (Kumar et al., 2020b; Ogunseitan, 2020). It has 
been reported that the collection and disposal of harmful 
medical waste have decreased by almost 80% at the start 
of the COVID-19 pandemic. This means that it was much 
difficult to manage and dispose of the additional medical 
waste generated in the aftermath of COVID-19 due to insuf-
ficient management and disposal facilities (Langley, 2020). 
Accordingly, the International Solid Waste Agency (ISWA) 
in 2020 warned against the proper management and dis-
posal of medical waste because of approximately 305–50% 
extra burden of medical waste which would lead to failure 
of entire waste management system, especially in economi-
cally less developed countries. A study revealed improper 
disposal of medical waste (used and infectious equipment 
and supplies) in developing countries where the situation has 
been exacerbated by the infectious diseases (Zafar, 2019; Zar 
et al., 2020). Despite the immediate response to COVID-19 
and other regulatory measures, there are still concerns about 
the safe and proper disposal of medical waste especially in 
less developed countries (Oruonye & Ahmed, 2020; Dieng 
et al., 2022). Public health authorities and other stakeholders 
are constantly raising their concerns about the safe and pro-
tected disposal of medical waste to address the environmen-
tal and public health issues. Countries need to revisit their 
medical waste disposal policies and to regulate the medical 
waste (Alnoor et al., 2022a; Sandberg et al., 2022; Alharbi 
& Alnoor, 2022; Albahri et al., 2022c; Alnoor et al., 2022b).

The World Health Organization has warned that medical 
waste carries agents that spread infections. The improper 
disposition of medical waste can cause the contamination 
of other wastes with virus and result in the wider transmis-
sion of virus into humans. There has been a greater need 
of appropriate disposal and management of medical waste, 
including its separation from other municipal wastes, proper 
collection, accumulation, and storage, and efficient disposal 
of waste (Ilyas et al., 2020). The WHO and other regulatory 
bodies have initiated awareness programs across the coun-
tries to inform and help people understand the importance 
and need of proper medical waste disposal and as in threat-
ening medical issue which can cost long-term consequences 
if not addressed properly (Alnoor et al., 2022c; Alnoor et al., 
2022d; Abdullah et al., 2022; Jabbar et al., 2020). It has been 
reported that the virus can survive for 6 to 8 h on polymer 
and for 5 to 6 h on metals, whereas in case of infectious PPE 
and other equipment, it may survive as long as 7 days if not 
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disposed of properly. There is a need for greater care dur-
ing the disposal; otherwise, it can contaminate the workers 
involved in discharge of waste disposal (Chin et al., 2020). 
Due to the lack of facilities, the situation is alarming in less 
developed countries because medical workers are vulnerably 
prone to infections (Cutler, 2020).

Various medical supplies like masks, aprons, and overalls 
are made from polymer which cannot be recycled due to their 
ability to survive longer in comparison to other materials. The 
workers which come into contact with such material can eas-
ily get contaminated. To protect the workers, certain regulations 
and practices have been made mandatory at hospitals and other 
medical facilities. These include regular cleaning of the PPEs, 
usage of fresh gloves and masks, proper disinfection of the sup-
plies and equipment, and regular hand washing. Such measures 
can effectively control the spread of infection out of the hos-
pitals and medical facilities. Nonetheless, after the outbreak of 
COVID-19, the medial waste is considered to be more infectious 
and dangerous with greater chances of spreading the virus and 
hence requires proper disposal and management (Dharmaraj 
et al., 2021). There is a need for a separate and isolated medical 
waste management system to curtail its hazardous effects. The 
WHO has advised laboratory workers and others who come in 
contact with medical equipment to use proper PPEs and directed 
the medical waste collectors to gather debris and dispose properly 
at the designated facilities without risk. This will decrease the 
harmful effects of the infections on public health and will lessen 
environmental concerns (Sharma et al., 2020).

The usage of medical accessories (hand sanitizers, gloves, 
and masks, etc.) has considerably increased in public places 
to stop the spread of COVID-19; resultantly, hospitals are not 
the only places which produce the medical waste (Ferasso et 
al. 2020). Usually, these protectives are not properly disposed 
of and serve as virus carriers. Studies have found that during 
COVID-19, it has become difficult for hospitals to properly 
and timely manage the medical waste (Singh et al., 2020a). 
The problem is more severe in less developed countries due 
to lack of appropriate facilities, insufficient resources, and 
technological backwardness (Bourouiba, 2020).

Circular economy

The concept of circular economy (CE) is catching the attention 
of both scholars and practitioners as evinced by the tremendous 
increase in the research articles in the recent years (Geissdoerfer 
et al., 2017, b) along with many other working papers and reports 
published on the topic. Some renowned consultancy firms, e.g., 
Accenture, Deloitte, EY, and McKinsey & Company, have pub-
lished their reports on circular economy (Gartner, 2016; Hannon 
et al., 2016). The interest of both scholars and practitioners has 
increased in the topic because of its practical implications for 
business sustainability (Murray et al., 2017) and is viewed as one 
of the major issues to attract research intents. Despite the growing 

research interest, there is no mutually agreed upon definition of 
the concept (Kirchherr et al., 2017). The concept revolves around 
3Rs, i.e., reduce, reuse, and recycle. Circular economy is a mode 
of economic development that complies with the environmen-
tal and ecological standards and it is based on the principles of 
“reduce the usage of resources, reuse and recycle of resources” 
(Zhijun & Nailing, 2007). Yuan et al. (2006: 5) in Kirchherr 
et al. (2017) stated that “the core of circular economy are the 
‘3Rs’ principle – reduction, reuse and recycling of materials and 
energy. The approach is expected to achieve an efficient economy 
while discharging fewer pollutants. The strategy requires com-
plete reform of the whole system of human activity”. Scholars 
have even proposed 4Rs, 6Rs, and 9Rs framework to conceptu-
alize the circular economy (see Sihvonen & Ritola, 2015; van 
Buran et al., 2016 & Kirchherr et al., 2017). However, the widely 
used concept revolves around the 3Rs framework of “reduction, 
reuse, and recycling.” Kirchherr et al. (2017: 229) analyzed 
114 definitions of CE and developed a coding framework and 
defined CE as “an economic system that replaces the ‘end-of-
life’ concept with reducing, alternatively reusing, recycling and 
recovering materials in production/distribution and consump-
tion processes.” They further argued that CE operates at both 
micro- and macro-levels with the purpose to achieve the goal of 
sustainable economic, human, and environment development and 
thus ensures the quality of economic, social, and environmental 
aspects of human life to the benefit[s] of current and coming gen-
erations. Similarly, CE safeguards the remodeling of businesses 
and responsible consumers’ conduct (Alnoor et al., 2023; Khaw 
et al., 2022b; Sadaa et al., 2022; Wah et al., 2022; Ahmed et al., 
2022). The work of Kirchherr et al. (2017) acknowledges the dis-
agreement in the definition of CE among various scholars. Some 
of the authors relate CE to “recycling” only, whereas majority of 
the authors are supportive of the 3Rs framework and argue that 
“recycling” is just one of the components of CE, not the CE per 
se. Similarly, another group of authors claims that the purpose 
of CE is only economic development, while its opponents favor 
the idea that CE chiefly concerns with environmental goals. Still 
there are others who claim that CE overlooks the social consid-
erations or social equity concerns (Murray et al., 2017; Moreau 
et al., 2017).

A number of scholars, for example, Andersen (2007), Ghis-
ellini et al. (2016), and Su et al. (2013), refer to the work of 
Pearce and Tuner (1989) as the pioneer study to have intro-
duced the concept of circular economy. They studied the fea-
tures of economic system[s] of the time and discovered how 
natural resources affect an economic system through provision 
of input for variety of products and their consumption by the 
end users. They argued that natural resources also serve as a 
“sink” in the shape of wastage. They discussed the concept 
of CE in terms of “loop economy”—an industry’s strategies 
are focused on the prevention of industrial waste, provision of 
employment opportunities, efficient utilization of resources, 
and dematerialization of the industrial economy. To achieve 
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sustainability, Stahel (1982) argued that it would be better to 
sell “use” of the goods and not the “ownership.” This pro-
tects businesses from extra cost and risk associated with the 
industrial and other business wastes. The current conceptu-
alization of CE and its economic implications has grown out 
of different concepts with different features and characteris-
tics. Similarly, another promising definition of CE was given 
by the Ellen MacArthur Foundation (2013: 14) stating that 
circular economy is “an industrial economy that is restora-
tive or regenerative by intention and design.” Yet in another 
definition, Geng and Doberstein (2008: 231) described CE as 
a “realization of closed loop material flow in the whole eco-
nomic system.” Likewise, according to Webster (2015), the 
objective of CE is to ensure maximum utilization and value 
of the products and material[s], whereas Yuan et al. (2008) 
emphasized that the CE is related to the flow and usage of raw 
materials and energy during different stages in an economic 
system. Finally, Geissdoerfer et al. (2017, b: 759) gave one of 
the most precise and comprehensive definitions of CE. They 
defined it as “a regenerative system in which resource input 
and waste, emission, and energy leakage are minimized by 
slowing, closing, and narrowing material and energy loops. 
This can be achieved through long-lasting design, mainte-
nance, repair, reuse, remanufacturing, refurbishing, and 
recycling.”

The essence of the circular economy is that it turns the 
products which are nearly at the end of their useful life into 
“input resources” for the other products and thus reduces the 
industrial waste, termed as “closing the industrial loop[s].” 
It aims to convert “un-useful” to “useful” through optimum 
utilization, recycling, repairing, and manufacturing. A study 
across different European regions found that CE would lower 
the greenhouse gas emissions by 70% and increase employ-
ability by 4% (Stahel, 2008). Stahel contended that there are 
two business models which align with the concept of circular 
economy. One is based on the “reuse” of goods and services 
through repair and upgradation and the second is based on 
the notion of “recycling,” i.e., converting old into new ones. 
In both cases, people [human resources] are central as they 
are involved in all the phases of the two models. In this way, 
CE does not only extend the life of old goods but it also cre-
ates employment opportunities during the different phases 
of the two models. Stahel further argued that CE resembles 
a lake—the reprocessing of products and material creates 
employment and preserves energy while also curtails the 
resource utilization and waste.

The concept of circular economy is largely followed by the 
European and other developed countries, i.e., China, Canada, 
and Japan. In 2018, European Commission reported that cir-
cular economy can generate a revenue of 600 billion euros 
annually for European manufacturing units. Similarly, it has 
been estimated that Finland can benefit from circular econ-
omy worth 2.5 billion euros annually and global economy can 

generate economic gain of $1000 billion per annum. China 
is reported to be the first country to formally regulate the 
circular economy (Korhonen et al., 2018; CIRAIG, 2015). 
Circular economy is considered to be closely linked with the 
sustainable economic and environmental growth. It provides 
an alternative economic system based on the flow of goods 
and material (3R), low industrial waste, and less harm to the 
environment with more business opportunities. More than 
theoretical, the nature of the concept is closer to its practical 
implications. It has been argued that the concept is largely 
developed by the practitioners, businessmen, policymakers, 
and consultants, while the theoretical aspect of circular econ-
omy remained unexplored and unattended. Nonetheless, CE 
draws it theoretical understanding form the ecological eco-
nomic system which is attuned to the recycling of products.

Environmental pollution

Last year, the COPE conference was held from November 16 
to 18 in Egypt where 198 countries gathered to discuss one 
of the biggest environmental challenges of climate change 
in the recent times. The five major issues discussed dur-
ing COPE were nature, food, water, industry decarboniza-
tion, and climate adaptation. In recent times, we have seen 
some serious concerns from the governments around the 
world and the UN about the climate change and its negative 
implications for human beings. A number of movements 
have been launched to address the issues related to climate 
change and environmental pollution. Scholars, practition-
ers, governments, NGOs, and many other bodies agreed 
that environmental pollution is a serious threat to humanity 
and is emerging as a major health issue in the recent years. 
WHO called environmental pollution as a “silent killer” as 
it damages unnoticeably which can go beyond the estimates. 
Surveys and various studies by the WHO and other organiza-
tions show that environmental pollution is a major cause of 
death, especially in newborns in African and South Asian 
regions. WHO further reported that 90% of the global popu-
lation is not able to get clean air to breathe and in 2015, 4.2 
million deaths were reported around the world because of 
environmental pollution and another 100 million deaths are 
expected to be caused annually along with disability issues. 
The European Environmental Agency (EEA) observed that 
environmental pollution is a common problem worldwide 
and a bad atmosphere at one place can impact the neighbor-
hood. For instance, the agents which cause environmental 
pollution travel faster in the air from one territory to another. 
Similarly, industrial waste of one country easily pollutes the 
water in the adjacent country[ies]. Same is the case with 
the wildfire in different regions and the environment pol-
luting agents travel through air and reach the distant areas, 
thus causing various diseases especially related to the res-
piratory system, such as asthma. Other sources causing 
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environmental pollution agents to travel are dust storm, 
ozone concentration, burning of industrial waste and drugs, 
pollen, etc. Pollen allergy is a common disease caused by 
air-polluting agents. Studies have found that there exists a 
relationship between the production of air-polluting agents 
and the inhabitants of a certain region with respect to the 
workplace setting. For example, the movement of work-
ers from rural areas to the factories in the urban area might 
commute the infecting agents. The movement from rural to 
urban areas for the economic opportunities thus enhances 
industrial activities and emission of industrial waste into 
air, consequently damaging the environment. Additionally, 
change in living patterns and lifestyle, especially when peo-
ple prefer indolence at home or stay longer at offices, results 
in indoor pollution.

Liu and Lin (2019) argued that environmental pollution 
in China is directly related to the industrial structure which 
is heavily mechanical and coal based. In earlier studies, the 
major factors identified as causes of environmental pollution 
include investment in research and development activities, 
foreign direct investment, and technological development 
(Lau et al. 2014). Urbanization has brought the socio-eco-
nomic growth but at the same time it has hasten the con-
sumption and misuse of limited natural resources which has 
triggered environmental pollution at larger scale (Wu et al., 
2014). The continuous growth in urban population resulted 
into a number of environment-related issues like carbon 
emissions, industrial pollutants, smoke and dust, industrial 
solid waste, and pollution in the atmosphere due to fuel con-
sumption. These environmental pollution-related issues have 
burdened the economies of various countries and the govern-
ments have started taking initiatives of green economy, sus-
tainable development, and newer housing policies to lessen 
the burden on cities and to conserve the resources (Yang & 
Peng, 2017). In recent years, the development of smart cities 
and ecological societies is being promoted. However, it is 
not sufficient to take practical steps only to address the issue 
of environmental pollution, but there is a need to initiate the 
research efforts across the disciplines to better address the 
challenges of environmental pollution (Acuto et al., 2018).

Waste Management Theory

The dawn of the nineteenth century brought with it the tech-
nological revolution and a lot of research across various 
scientific disciplines. With the development of informa-
tion technology, the availability of luxurious electronics 
reached millions of people and their usage resulted into 
different areas to be dealt with by the scientist, legislators, 
and environmental bodies. This technological development 
probably ignored the need for parallel advancement in envi-
ronmental science. Technology[ies] continued to develop, 
and products evolved without considering the manipulation 

and depletion of materials and other resources. No atten-
tion was paid to “reuse” and “recycling” of the products 
and materials. This resulted into mass generation of elec-
tronic waste because electronic products were not designed 
keeping in view the reuse and recycling. This arises the 
need for proper legislations to deal with the issue of [elec-
tronic] waste. However, only legislation is not enough as 
there seems to be a wider gap between science and technol-
ogy which needs to be filled with the development of more 
sophisticated technical theories.

Waste management theory accomplishes the same pur-
pose and has been designed to help scientists and technolo-
gist address environmental issues during product design, i.e., 
engineering design. Waste Management Theory (WMT) pro-
vides a comprehensive and deeper theoretical understanding 
of the waste and waste management. The theory is aimed to 
accumulate and organize the variety of variables relevant to 
the waste management. WMT has emerged from the field 
of industrial ecology and it has been gradually building on 
other related theories, for instance, the design theory. It is 
a relatively recent approach which provides useful insights 
into the development of other technical theories. Hempel 
(1966, 1965) argued that the purpose of any scientific theory 
is to provide an explanation of a system of regularities which 
otherwise is difficult to explain through scientific laws. The 
basic purpose of WMT is that it defines the term “waste” 
clearly. The issue of defining “waste” surfaced during the 
conference of European Commission and Member States in 
Leipzig in early 2004. The participants were of the opinion 
that it is important to define “what constitutes ‘waste’ and 
what does not?” It was important to define and classify the 
waste treatment. WMT suggests that there are four classi-
fications of “waste.” The first class consists of the things 
and materials which are not required—created without any 
purpose. The second class contains those things and materi-
als which can be used for a limited time and afterwards they 
become useless. The third category constitutes the products 
and materials with specific purpose, but their performance 
has decreased from the required performance standards 
because of flaws in their design. The last category consists 
of products and material which have been designed for a 
definite purpose and have acceptable performance standards 
but are not used for their intended purpose.

The above classifications of waste help us to identify 
wastes according to the class they belong to and then sug-
gest appropriate treatment for operation. For example, 
reuse of a product happens when it has met the purpose 
assigned and a new purpose is assigned to it. A product 
which has fulfilled its purpose is not necessarily consid-
ered waste because it can be used for other purposes. This 
means that “being waste” is dependent on the structure 
and design of a product not on the purpose of the product. 
As long as the design of a product allows it to be used for 
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other purposes, it cannot be considered “waste.” An empty 
bottle of “coke” is not a waste until its structure allows to 
be used for a variety of other purposes (water, juice, petrol, 
etc.). Same is the case with the equipment and vehicles. 
They cannot be considered “waste” when they reach their 
end of useful life. The replacement and repair of faulty 
parts can extend their life and make them useful beyond 
the designated useful life. WMT has been developed under 
the umbrella of industrial ecology (IE). The principles of 
ecology suggest that industries should avoid the use of 
toxic materials in product design and development and 
products must be designed in a way to preserve the utility 
of materials used in products. IE principles further argue 
that industries need to obtain required maximum material 
through recycling and the products should be designed in a 
way that at the end of their life they can be productive and 
useful for other purposes. Industries should design their 
operations in ways to minimize the hazardous effects on 
the natural resources and the environment. Industries also 
need to build closer networks with suppliers and consum-
ers, and local and other legislative authorities to mini-
mize the packaging, develop eco-friendly packaging, and 
encourage the reuse and recycling of products and materi-
als. IE asks for designing the products keeping in view the 
dual purpose of product competitiveness and environment 
friendliness. Product design and entire manufacturing 
process should be aligned with the environmental goals. 
An understanding and application of WMT is instrumen-
tal in optimum use of resources. The notion of optimum 
resources utilization is derived from the paradigm of IE. 
In addition to the concerns of IE, WMT also takes into 
account social concerns related to morals and responsi-
bilities and thus derives its tenants from social theory as 
well. The existence of “real world” cannot be overlooked 
and human needs and expectations must be incorporated 
into the objectives of WMT. Scholars are of the view that 
WMT is not mature yet and new realities, facts, and obser-
vation must update the continuous development of WMT.

To develop an effective waste management system, there 
is a need for the theoretical understanding of waste-related 
issues to which is sufficiently addressed by WMT. For the 
understanding of the scientific system and the establishment 
of an explanatory model to gauge the problems of waste man-
agement, a theory is prerequisite. Though the WMT is built on 
the notion of IE, a consideration of the other relevant issues 
(social and environmental) is important for enriching WMT 
in order to attain the agenda of sustainable development. The 
WMT is built on the principles of prevention and effective 
management of waste that can help avoid the harm to humans 
and environment and aid to conserve the resources for future 
generations. There is a need for continuous research efforts 
to further develop WMT and to incorporate environmental 
concerns into industrial processes and design.

COVID‑19

The outbreak of a pandemic is not a novel phenomenon 
in the human history. A number of pandemics have been 
reported in different regions at different times causing loss 
of thousands of lives along with myriads of social and 
economic consequences. For instance, Plague of Athens 
430Mbc, Antonine Plague AD 165–180, Plague of Cyprian 
AD 250–271, The Black Death 1346–1353, Great Plague 
of London 1665–1666, Spanish Flu in 1918–1920 at the 
end of the World War I (affected the young people mostly 
between the ages 15 and 45), smallpox pandemic in North 
America during 1775–1782, Swine flue 2009–2010, West 
African Ebola 2014–2016, and Zika virus 2015 to date are 
just few of the horrific instances that humans have faced. 
The recent outbreak of COVID-19 is addition to this long 
list of pandemics. Before COVID-19, the Spanish Flu was 
considered the last of the deadliest pandemics which affected 
around 500 million people and caused 50 million deaths 
around the affected regions. The medical scientists are of 
the view that COVID-19 is among the deadliest pandemics 
witnessed so far. According to WHO as of January 5, 2023, 
the total number of confirmed COVID-19 cases is more than 
650 million; more than 6 million deaths have been reported 
since it began. Europe is the most affected region with more 
than 270 million confirmed cases followed by America (186 
million), Western Pacific (107 million), Southeast Asia (60 
million), East Mediterranean (23 million), and Africa (9 mil-
lion). The novel coronavirus is highly contagious and easily 
transmittable which makes it even more harmful.

Medical research reveals that there are numerous types 
and numbers of viruses which are from the coronavirus 
family and there are only few which cause respiratory issues 
in humans. Among these two widely known viruses, i.e., 
sever acute respiratory syndrome coronavirus (SARS-Cov) 
and Middle East respiratory syndrome coronavirus (MERS-
Cov) were reported in November 2002 and September 2012 
respectively. These were reported to be transmitted from 
animals to humans, causing complex respiratory issues and 
deaths. In December 2019, a novel type of coronavirus was 
identified and reported in the city of Wuhan, China, when 
a number of people were rushed to hospitals with respira-
tory issues due to unknown reasons. The virus was named 
as novel severe acute respiratory syndrome coronavirus-2 
(SARS-Cov-2). Over the next few weeks, the virus spread to 
18 more countries and on January 30, 2020, WHO declared 
COVID-19 as Public Health Emergency of International 
Concern (PHEIC). Later on, the virus spread to 113 coun-
tries with rapid speed affecting more people, especially the 
elderly people and taking big toll on human lives in vari-
ous countries. WHO prognosticated it as a serious health 
risk and threat to humans and on March 11, 2020, WHO 
declared it a global pandemic and asked for more aggressive 
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initiatives to curtail the spread of the virus. Due to unprec-
edented speed and unpreparedness of the hospitals, the 
virus proved to be more harmful not only taking toll on 
human lives but also incurred massive financial losses. In 
addition to the health issues, COVID-19 also resulted into 
number of psychological social and economic problems and 
challenged the intellectuals, policymakers, and other stake-
holders to seek saner ways to address the situation. A series 
of initiatives were taken yet the spread of the virus badly 
exposed the loopholes in the healthcare facilities across the 
globe. Unavailability of medical treatment, less space in 
hospitals, absence of vaccine, lack of trained medical work-
ers, and international travel were the major reasons which 
accelerated the pace of COVID-19. It took more a year 
when the first vaccine Pfizer BioNTech was prepared and 
WHO allowed it for emergency usage. Before the arrival of 
vaccines, WHO advised for personal protection and other 
measures such as wearing masks, social distancing, and 
quarantine arrangement. Once vaccines arrived, countering 
propaganda against it was another difficult task as people 
were hesitant to inject vaccines.

Though the efforts to curtail COVID-19 have been suc-
cessful, recent re-emergence of viruses in China has alerted 
the authorities to go for extraordinary efforts. The world 
is facing a constant medical emergency due to the upsurge 
in COVID-19 cases from time to time. Recently reported 
new variant “Omicron” in some countries means that the 
virus is extremely smart and yet these countries are not fully 
guarded against the disease. Many of the countries are still 
in emergency situation and preventive measures like social 
distancing and isolation which pose multiple mental health 
and psychological issues (Ribot, Chang, & González, 2020). 
According to the reports of different health organizations, 
such as The Pan American Health Organization (PAHO) and 
Global Health Council (GHC), the Delta variant of corona-
virus is the most widely spread and transmittable among all 
other variants.

The World Health Organization emphasizes on wide-
spread vaccination campaigns to counter propaganda and 
increase public awareness to effectively curtail the virus 
transmission of COVID-19 (Romero et al., 2021; Wang 
et al., 2021). Different variants of coronavirus have been 
identified in different countries since the occurrence of 
the pandemic; the Delta variant was first reported in India 
and then transmitted to the USA. Similarly, the newly 
reported variant Omicron is spreading rapidly across dif-
ferent countries and is found to be more contagious than 
Delta. However, with the availability of various vaccines 
and their administration to a large portion of population, 
these variants are now less mortal and the psychological 
impact has been dampened. Medical scientists are positive 
that timely identification of various emerging SARS-Cov-2 
variants can help develop the medical treatment and other 

non-medical measures to curtail their spread and transmis-
sion (Dong, 2021).

Current state of the art of circular economy 
for medical research

WHO recommended that health waste should be placed in 
containers and unique bags as more than its infectious nature 
waste can exacerbate climate change and environmental pol-
lution. Thus, treating and destroying medical waste are a 
critical need (Pandey et al., 2020). Many countries focus on 
medical waste treatment by handling it quickly, tidily, effec-
tively, and harmlessly (Manupati et al., 2021). To this end, 
an enormous stream of research and empirical contributions 
have been shown on the best hospital waste disposal prac-
tices (Kandasamy et al., 2022). Many studies focused on a 
single company (e.g., Despeisse et al., 2012; Huysman et al., 
2017; Akanbi et al., 2018). Most of the studies that focused 
on industries of developed countries have not fully provided 
a comprehensive understanding and conclusive evidence of 
the effects on the environment in this context. Rolewicz-
Kalinska (2016) investigated the logistical issues of hospi-
tal waste management and suggested short- and long-term 
solutions. According to Devi et al. (2019), proper hospital 
waste management reduces health risks and mitigates envi-
ronmental damage (Singh et al., 2021).

The inefficiency of the medical waste management 
system is exacerbated by factors, such as incorrect use of 
funds, a shortage of funds, overbuying of pharmaceuticals 
instruments, poor logistics, carelessness on the part of the 
staff, and a general lack of knowledge (Wei et al., 2021). 
Minoglou et al. (2017) investigated the impact of medi-
cal waste on economic, social, and environmental param-
eters. In this context, many factors were found exacerbating 
the problems of improper management of medical waste. 
Tabash et al. (2016) proved that the lack of professional and 
systematic training of healthcare workers affects medical 
waste management. Few previous studies have utilized the 
concept of circular economy for medical waste treatment. 
The challenges of adopting a circular economy in medi-
cal waste management were identified. Reprocessing and 
lack of infrastructure are among the biggest challenges to 
hospital waste management (Kandasamy et al., 2022). The 
COVID-19 epidemic has made it difficult for governments 
to control medical waste. This is the reason they completed a 
state-of-the-art assessment to identify difficulties in manag-
ing medical waste both during and after COVID-19 (Felix 
et al., 2022; Mahyari et al., 2022; Nandy et al., 2022; Ran-
jbari et al., 2022). Previous literature adopted MCDM meth-
ods to design effective medical waste disposal systems. A 
dynamic multi-objective immune system has been used to 
improve the performance indicators of wastewater plants 
(Li et al., 2021; Jafarzadeh Ghoushchi et al. 2022). In order 
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to compensate for the drawbacks of failure modes and the 
impact analysis approach, we implemented a multi-objective 
optimization using ratio analysis in the domain of spheri-
cal fuzzy sets. In addition, a multi-criteria evaluation model 
based on type-2 neutrosophic numbers was adopted to assess 
the factors causing the failure of blockchain and IOT adop-
tion for medical waste management (Torkayesh et al., 2021).

According to our knowledge, the scarcity of literature in 
ranking hospitals on the basis of medical waste and pro-
posing the best circular economy method for removing 
hospital waste would render the results of the previous lit-
erature inconclusive. This lack stimulates research in target-
ing several sectors and industries in developing countries, 
making the results more generalizable and decisive (Laso 
et al., 2016; Kirchherr, Reike, & Hekkert, 2017; Nandi et al., 
2021). Furthermore, there is an apparent lack of literature 
on merging the medical waste problem during the corona-
virus pandemic with the circular economy to mitigate the 
effects of healthcare waste on environmental pollution and 
climate change. Therefore, by closing the loop, the circu-
lar economy contributes to the development of products in 
many industries. The adoption of the MCDM approach has 
been increasing in many aspects. For instance, it has been 
used in the electrical and renewable energy sectors (Ecer, 
2021) and transportation sectors lately (Lin et al., 2020) 
as well as in online commerce in order to recommend the 
most appropriate products for customers (Bączkiewicz et al., 
2021; Tirkolaee & Aydın, 2021). Since medical waste treat-
ment significantly affects many healthcare stakeholders, the 
MCDM approach has been considered effective in address-
ing medical waste issues by opting it for healthcare sup-
pliers (Stević et al., 2020). Besides, MCDM methods are 
also adopted to determine the best way to help physicians 
expedite the treatment of COVID-19 (Albahri et al., 2020).

On this basis, this study attempts to bridge the gaps 
found in the literature. The current research is in line with 
the recent trend to address a critical problem that resulted 
from the emergence of the COVID-19 epidemic. Among the 
opportunities available, multiple and diverse industries will 
give this study more accurate results and further possibility 
of adding implications for theory and practice. Besides, dis-
cussing the economic importance of the topics under study 
at the national and company levels will benefit academics 
and practitioners. According to the accumulated medical 
waste, the rank of hospitals is critical for many governments 
when choosing an appropriate method for removing hazard-
ous medical waste based on the weight assigned through the 
ANN method (Kargar et al., 2020; Liu et al., 2021).

Medical waste management

Efficient waste management is vital to the development 
of societies in developing countries (Kandasamy et  al., 

2022). The increasing global economic growth has natu-
rally expanded the need for medical equipment in line with 
the expansion of healthcare systems. As a consequence, the 
continued use of medical equipment and tools increases 
medical waste (Singh et al., 2021). The medical waste con-
sists of 67% of general waste (e.g., food and others), 27% 
of infectious or toxic waste from pharmaceutical and path-
ological waste, and nearly 4% of sharps and contraptions 
such as syringes and scalpels (Klemeš et al., 2020; Singh 
et al., 2021). Expired medicines, chemicals, disinfectants, 
dressings, caps, sharps, and needles also constitute medical 
waste (Rolewicz-Kalinska, 2016). Healthcare organizations 
naturally generate medical waste because of treatment, medi-
cal diagnosis, or other medical activities. Healthcare waste 
may be toxic or infectious and cause diseases (Windfeld & 
Brooks, 2015; Ibn-Mohammed et al., 2021; Kumar et al., 
2021). Inefficient removal of medical waste affects climate 
change, increases greenhouse gas emissions, and affects 
community health (Kandasamy et al., 2022). Consideration 
of the sustainability elements in managing medical waste 
is a critical issue in mitigating environmental pollution and 
health damages (Babaee Tirkolaee & Aydın, 2021). With the 
spread of the coronavirus pandemic, the risk of contagious-
ness caused by medical waste has increased. Medical waste 
disposal has become a critical challenge because failure in 
its disposal can threaten human lives (Chauhan et al., 2020). 
The trash included PPE such as gloves, masks, medical gar-
ments, testing, sampling tools, and vaccines. Healthcare 
equipment is considered a critical way of spreading the 
disease (Krishnan et al., 2021; Mekonnen et al., 2021) due 
to the increased demand for personal protective equipment 
for physicians, nurses, and all other health workers. Thus, 
used PPE and its associated devices are dangerous because 
they contain polymers, bacteria, and viruses (Parashar & 
Hait, 2021). The generated waste from health facilities is 
also considered hazardous and can be a vector for causing 
COVID-19 (Ilyas et al., 2020). Hence, the appropriate man-
agement of this waste is essential to deter the spread of the 
epidemic. Sustainable medical waste management would 
reduce improper medical health management (Kandasamy 
et al., 2022).

Circular economy in the medical system

Healthcare waste should be disposed of immediately, and 
special care is needed during disposal operations (Kulkarni, 
& Anantharama, 2020; Mekonnen et al., 2021). Empirical 
evidence confirmed that the circular economy is a system-
atic and vital approach to mitigate the impacts of medical 
waste on population health, environmental pollution, and 
climate change (Ma et al., 2020). It is defined as the effec-
tive participation of the economy in the production process 
to expand the productive culture and achieve sustainable 



60483Environmental Science and Pollution Research (2023) 30:60473–60499 

1 3

production (Korhonen et al., 2018). It allows the use of 
material more than once because it deals regenerated waste 
as a new raw material. The circular economy operates on 
societal and industrial systems and contributes in environ-
mental friendly development (Korhonen et al., 2018). The 
COVID-19 pandemic caused significant disturbances which 
led to the deterioration of social and economic life and 
disruption in supply chains and financial markets. These 
issues decreased overall efficiency and created a need for 
recycling under the circular economy precepts (Neumeyer 
et al., 2020; Singh et al., 2021). Reusing many medical 
tools and devices will lower discard and destruction costs. 
In addition, getting rid of waste also reduces the spread 
of the epidemic (Van Straten et al. 2021; Ibn-Mohammed 
et al., 2021). Creating a closed loop for materials will sig-
nificantly enhance organizational effectiveness (Fregonara 
et al., 2017; Han, Liu, Liu, & Cui, 2017). The effect of 
COVID-19 on health infrastructure and waste treatment 
was significant because it caused health risks and escalated 
the spread of coronavirus (Sarkodie & Owusu, 2020). The 
medical tools of COVID-19 led to a rise in hospital waste 
management system problems (Huysman et al., 2017). As 
a result, waste recycling could innovate current products to 
reach sustainability through the circular economy perspec-
tive (Vanapalli et al., 2021).

Several businesses have embraced circular economy in 
order to reduce waste. They have been aware of the fact 
that adopting the circular economy perspective contributes 
to the development of many emerging industries and sec-
tors (Amicarelli et al., 2021; Chirani et al., 2021). Recy-
cling and reusing organizational resources are a vital issue 
for the survival of organizations as modern organizations 
are attempting to replace the linear concept with the circu-
lar one (Sassanelli, Rosa, Rocca, & Terzi, 2019; Lal et al., 
2020). Several examples of the implementation of the prin-
ciples of circular economy are obvious such as in construc-
tion and building industry (Akanbi et al., 2018; Moham-
mad et al., 2019), water and environmental sustainability 
(Angelis-Dimakis et  al., 2016), electrical equipment or 
electronic waste (Awasthi et al., 2018), and transportation 
sector (Berzi et al., 2016; Delogu et al., 2017). The circular 
economy mainly contributes to two important aspects: the 
first is to reduce costs by reusing resources or production 
tools in the best possible way to achieve economic benefits 
for organizations in the short term; secondly, the circular 
economy contributes to sustainability in the long term (Des-
peisse et al., 2012; Awasthi et al., 2018). The benefits of a 
circular economy include achieving sustainability, reducing 
overall costs, and environmental improvements (Eastwood 
& Haapala, 2015). The circular economy is related to the 
economic, environmental, and social aspects, and integrat-
ing such dimensions in product development or innovation 
processes is widely desired (Favi et al., 2017; Fregonara 

et al., 2017). Additionally, the circular economy creates 
value for materials during the last stage of the resource life 
cycle (Franklin-Johnson et al., 2016; Favi et al., 2017). Fig-
ure 1 illustrates the basic principles of circular economy for 
mitigating and disposing of the hospital waste (Teymourian 
et al., 2021).

1. Incineration technique: It disposes of medical waste and 
converts it into energy based on level of temperature to 
kill bacteria and viruses.

2. Pyrolysis technique: Pyrolysis operates on a tempera-
ture range of approximately 540 to 830 °C and includes 
induction-based pyrolysis, laser, and pyrolysis oxidation.

3. Microwave technique: Microwave disinfection works by 
adopting electromagnetic waves with wavelengths rang-
ing from approximately 1 to 1000 mm. Such technology 
helps reduce energy consumption, increase heat produc-
tivity, and reduce toxic waste.

4. Autoclave chemical technique: Autoclave chemical tech-
nique works on heat and uses water vapor for sterili-
zation. Water vapor releases heat that kills viruses and 
bacteria and eliminates medical waste.

5. Vaporized hydrogen peroxide: Disinfection for used 
devices (such as respirators) to eliminate bacteria and 
viruses.

6. Dry heat: The temperature is at 60 degrees for not less 
than 30 min, causing structural damage that prevents cell 
attachment.

7. Ozone: Ozone works to disrupt oxidation by exposing 
the essential embryonic materials in its shell and breaks 
down the proteins and fats it contains.

8. Ultraviolet light: The radiation that damages molecules 
and destroys the DNA of viruses with a photodimeriza-
tion procedure.

Methodology

Consistent with the study’s aims, we will first attempt to 
sort the types of medical waste and match them with hos-
pitals which will be followed by a weight assigned to each 
type of medical waste. According to the assigned weight, 
a benchmark will be proposed among hospitals based on 
medical waste generation. Finally, the study suggests the 
best ways to treat medical waste using the ANN approach. 
Classifying hospitals based on the generated clinical waste is 
a multipart process that must be resolved. According to the 
literature, MCDM methods are considered effective also in 
the healthcare sector. MCDM is the fastest-growing method 
of problem-solving in multiple disciplines under uncertainty 
(Triantaphyllou, 2000; Weistroffer & Li, 2016; Krishnan 
et al., 2021).
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MCDM methods are divided into two types. The first is 
to assign the weight, and the second is to rank the alterna-
tives. For weight methods, there are many types, such as 
Analytic Hierarchy Process (AHP), Best Worst Method 
(BWM), Fuzzy Weighted with Zero Inconsistency (FWZIC), 
and Analytic Network Process (ANP). The AHP method is 
commonly used, and it is in fact the first method which found 
support among scholars to assign weight to criteria (Albahri 
et al., 2020; Alsalem et al., 2022). The literature review sug-
gested that researchers in the past adopted many methods 
such as VIKOR, multi-objective optimization based on ratio 
analysis (MULTIMOORA), and Fuzzy Decision by Opin-
ion Score Method (FDOSM) to rank the alternatives (Khaw 
et al., 2021). Nevertheless, the LDFN-FDOSM method has 
been confirmed to outperform existing MCDM ranking tech-
niques (Albahri et al., 2022a; Narayanamoorthy et al., 2022). 
Consequently, the methodology was implemented in three 
phases. Firstly, the decision matrix phase proposal involves 

hospitals (alternatives) and the five critical concepts for 
waste types. Secondly, the development phase explains the 
integration of AHP and LDFN-FDOSM methods. Thirdly, 
the ANN method recommends proper medical waste dis-
posal based on the hospital’s ranking. Figure 2 shows the 
recommended solution for this study.

Proposal of decision matrix phase

At this stage, two main steps need to be defined: (1) pre-
processing for the five fundamental medical waste types, 
and (2) hospital (alternatives) concepts. To this end, this 
section discusses and proposes matrices for assessing 
hospitals according to medical waste types, and creates 
two decision matrices. Each decision matrix is a cross 
between alternatives and criteria. As previously men-
tioned, five main types of medical waste have been iden-
tified (Mekonnen et al., 2021):

Fig. 1  Key concepts of a circular economy for medical waste disposal
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1. General waste: The result of the most significant per-
centage of waste produced by health activities.

2. Sharps waste: This waste includes sharps often used in 
surgery, being dangerous and must be handled with care.

3. Pharmaceutical waste: This waste comes from medi-
cines, vaccines, and plastic containers that may be infec-
tious.

4. Infectious waste: This waste comes from items used for 
prevention while dealing with pathogens (e.g., gloves 
and masks).

5. Pathological waste: Comprises the hazardous waste 
generated in hospital halls, especially for gynecological 
diseases.

These five fundamental concepts of medical waste types 
(criteria) allow the assessment of hospitals in the aftermath 
of the COVID-19 pandemic. This study underlines the dis-
infection technologies for waste infected by coronavirus 2, 
such as incineration technique, autoclave chemical tech-
nique, microwave technique, pyrolysis technique, vaporized 
hydrogen peroxide, dry heat, ozone, and ultraviolet light. By 
matching the hospitals’ ranking based on medical wastes and 
disinfection technologies for coronavirus 2–infected wastes, 
the study attempts to overcome medical waste disposal chal-
lenges and issues. As discussed in the following section, the 

intersection between the identified alternatives and criteria 
created a decision matrix which is presented and discussed.

Decision matrix

As can be seen in Table 1, the decision matrix was con-
structed using the crossover of a set of hospitals representing 
the alternatives and a set of five criteria representing differ-
ent categories of medical waste.

Ten hospitals in Iraq that showed excellent performance 
during the COVID-19 pandemic were targeted. Manag-
ers with long experience in medical waste disposal were 
selected to obtain data. The data collection process lasted 
about a month through a questionnaire prepared to identify 
and sort the kinds of clinical waste. Table 1 shows the study 
results of medical waste during the coronavirus disease out-
break. Hospitals have stocked common trash along with haz-
ardous waste. Based on the global reports about healthcare 
in Iraq, there were no designated waste storage areas in the 
investigated hospitals. In addition to the administrated ques-
tionnaire, online interviews were performed with inventory 
managers that work in the ten investigated hospitals. The 
interviews provided complementary information to fill the 
first matrix data regarding the volume according to the types 
of medical waste. Table 2 shows hospitals’ characteristics.

Fig. 2  An intelligent medical waste management framework
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Results showed the capacity of the investigated hospitals, 
where the Baghdad Teaching Hospital (Baghdad Medical 
City) has the highest capacity. At the same time, Central 
Children Teaching Hospital, Ibn Al-Baladi, Al-Imam Ali, 
Al-Kindi Teaching Hospital, and Al-Shaheed Al-Sadr Gen-
eral Hospital have the lowest capacity. The hospitals have a 
high degree of generated medical waste. Therefore, there is a 
critical need to determine the appropriate method to dispose 
of medical waste. Table 3 illustrates the decision matrix of 
disinfection technologies for coronavirus 2–infected wastes.

Table 3 shows the disinfection technologies that will 
be weighed using ANN. The classification of the hospitals 
relied on integrating LDFN-FDOSM and AHP based on 
medical waste types.

Development phase

Weighing and ranking MCDM methods must be addressed 
to develop a dynamic hospital approach. The weighing 

Table 1  Decision matrix of 
medical waste types

Medical waste types General waste Sharps waste Pharma-
ceutical 
waste

Infectious waste Pathological waste
Alternatives

Hospital 1 1356 1165 1092 1345 1275
Hospital 2 7635 7479 7261 7294 7550
Hospital 3 7267 8098 6292 6023 7434
Hospital 4 6804 6457 6745 5092 5099
Hospital 5 4136 3429 3981 3834 3320
Hospital 6 10,563 11,112 12,093 10,346 10,290
Hospital 7 3268 3562 3199 3391 2795
Hospital 8 1506 1106 1092 1035 1853
Hospital 9 9267 9246 9235 9220 9356
Hospital 10 3108 3379 3091 3294 3694

Table 2  Surveyed hospitals and total bed capacity

No. Hospital Total 
bed 
capacity

1 Baghdad teaching hospital-Medical City 956
2 Al-Yarmook teaching hospital 647
3 Ghazi Al-Hareeri-Medical City 538
4 Al-Imamain Al-Kadhumain medical city 655
5 Central Children Teaching Hospital 400
6 Al-Karama teaching hospital 445
7 Ibn Al-Baladi 400
8 Al-Imam Ali 400
9 Al-Kindi teaching hospital 400
10 Al-Shaheed Al-Sadr General Hospital 400

Table 3  Decision matrix of disinfection technologies for COVID-19 wastes

C1 high/low heat technologies, C2 chemical disinfection, C3 dry heat, C4 vaporized hydrogen peroxide, C5 ozone, C6 UV light during the out-
break, H0 hospital

Disinfection technologies 
for COVID-19 wastes

High/low heat 
technologies

Chemical disinfection Dry heat Vaporized hydro-
gen peroxide

Ozone UV light 
during the 
outbreakPi alternatives

Hospital 1 C1 / HO 1 C2 / HO 1 C3 / HO 1 C4 / HO 1 C5 / HO 1 C6 / HO 1
Hospital 2 C1 / HO 2 C2 / HO 2 C3 / HO 2 C4 / HO 2 C5 / HO 2 C6 / HO 2
Hospital 3 C1 / HO 3 C2 / HO 3 C3 / HO 3 C4 / HO 3 C5 / HO 3 C6 / HO 3
Hospital 4 C1 / HO 4 C2 / HO 4 C3 / HO 4 C4 / HO 4 C5 / HO 4 C6 / HO 4
Hospital 5 C1 / HO 5 C2 / HO 5 C3 / HO 5 C4 / HO 5 C5 / HO 5 C6 / HO 5
Hospital 6 C1 / HO 6 C2 / HO 6 C3 / HO 6 C4 / HO 6 C5 / HO 6 C6 / HO 6
Hospital 7 C1 / HO 7 C2 / HO 7 C3 / HO 7 C4 / HO 7 C5 / HO 7 C6 / HO 7
Hospital 8 C1 / HO 8 C2 / HO 8 C3 / HO 8 C4 / HO 8 C5 / HO 8 C6 / HO 8
Hospital 9 C1 / HO 9 C2 / HO 9 C3 / HO 9 C4 / HO 9 C5 / HO 9 C6 / HO 9
Hospital 10 C1 / HO 10 C2 / HO 10 C3 / HO 10 C4 / HO 10 C5 / HO 10 C6 / HO 10
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method was achieved using AHP, while LDFN-FDOSM was 
used to rank the alternatives (Albahri et al., 2020; Albahri 
et al., 2022a; Narayanamoorthy et al., 2022).

AHP for weighting criteria

This part focuses on applying the AHP for weighing criteria 
(Tirkolaee et al., 2019).

Step 1: The hierarchy contains the decision matrix and 
the conditions in each decision matrix. This procedure is 
adopted to establish the connection between the criteria 
in the decision matrix of the hospitals.
Step 2: The AHP builds a pairwise matrix comparison 
using Formula (1) to locate a weighing decision:

Where Xii = 1,Xii =
1

Xij

.
Step 3: This stage clearly shows the questionnaire’s 
design to the parameters for each judgment matrix of the 
hospital’s prioritization and according to the experts’ per-
ceptions (for more details, check “Weight determination 
using AHP”).
Step 4: At this step, each element in matrix A (1) is stand-
ardized to construct the normalized matrix Anorm, Anorm 
(aij) as follows.

where A (xij) is given by Eq. (2).
Step 5: This phase includes AHP pairwise analysis using 
statistical equations, translating decisions, and assigning 
weights for each prioritization in the decision matrix.

Step 6: This step checks the consistency ratio (CR) to the 
pairwise comparison matrix.

(1)A =

⎛⎜⎜⎝

X11 ⋯ X1n

⋮ ⋱ ⋮

Xn1 ⋯ Xnn

⎞⎟⎟⎠

(2)aij =
Xij∑n

i=1
Xij

(3)Anorm =

⎛⎜⎜⎝

a11 ⋯ ain
⋮ ⋱ ⋮

an1 ⋯ ann

⎞⎟⎟⎠

(4)Wi =

∑n

j=1
aij

n
and

�n

j=1
Wi = 1

(5)CR =
CI

RI

(6)CI =
�max−n

n − 1

To accept expert judgment, the CR value must be less 
than 0.1.

LDFN‑FDOSM steps for prioritizing hospitals

The FDOSM method supports practitioners in making deci-
sions with a high degree of certainty. In this context, a deci-
sion matrix is created, and after that, min, max, and critical 
values are determined, and the opinion matrix is generated. 
Furthermore, the opinion matrix is transformed into fuzzy 
numbers. Adopting the aggregation based on the arithmetic 
means helps in making the final decision.

This discussion presents the LDFN-FDOSM stages used 
in prioritizing hospitals on a medical waste basis. The first 
stage of LDFN-FDOSM is data conversion and the second 
stage is data processing.

The data was transformed by selecting the best solution 
based on three parameters: the critical, maximum, and mini-
mum values. The critical value is considered the optimal 
solution; the minimum value is the cost of the criteria, and 
the maximum value is the benefit criteria.

Using a 5-point Likert scale, the significance of the dif-
ferences between the perfect solution and the value of the 
alternatives is found.

where ⊗ symbolizes the comparison between the alterna-
tives and the best solution. This operation creates an opin-
ion matrix containing linguistic numbers. Using the LDFN 
fuzzy set, the matrix of linguistic numbers is converted to 
fuzzy numbers.

To convert the opinion matrix to ambiguous numbers, 
Table 4 displays linguistic terms and their corresponding 
LDFN.

According to Narayanamoorthy et al. (2022), the LDFN 
concerning linguistic terms were described based on 
intuitionistic fuzzy set. Therefore, the 5 Likert scale was 
employed to convert the linguistic terms into LDFN fuzzy 
set to produce the fuzzy opinion matrix. To aggregate the 

(7)RI =
1.98 (n − 1)

n
CI

(8)A∗ =

{((
max

i
vij | j ∈ J

)
.

(
min
i
vij|j ∈ J

)
.
(
Opij ∈ I, J

) | i = 1.2.3.…m

)}

(9)

OpLang =

{((
∼
v

ij

⨂
vij | j ∈ J

)
.| i = 1, 2, 3…m

)}

(10)OpLang =

A1

⋮

Am

⎡⎢⎢⎣

Op11 ⋯ Op1n
⋮ ⋱ ⋮

Opm1 ⋯ Opmn

⎤⎥⎥⎦
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value of each alternative, the aggregation process has been 
used after completing the fuzzy decision matrix. Defuzzi-
fication phase has been accomplished to arrive at the final 
scoring rate and rank for each alternative. Hence, the highest 
score is considered the best alternative.

Artificial neural network

ANN approach deals with linear and non-linear interactions. 
ANN is a parallel distributed processor made up of processing 
units with a neural bias toward storing data. The simple units 
are nodes or neurons, similar to human neurons, preserved and 
retrieved by ANN through learning procedures in the commu-
nication weights of neurons (Féraud & Clérot, 2002). Multiple 
layers were adopted using the Feedforward-Back algorithm. 
Regarding error signals recorded, the reverse direction technol-
ogy was used, and it includes three layers which are input layer, 
hidden layer, and output layer. Inward signals are fed forward 
order. Furthermore, there is an interconnection between the 
neurons of the other layers with each layer of neurons.

The movement is nourished onward through the hidden 
layers from input to output (Leong et al., 2020).

And for the kth output neuron:

The color space of a function with a real-world x-function 
ranging from 0 to 1 (that is, a monotonic and differentiable 
increase) is processed with the aid of a parameter. Equa-
tion 14 applies the weight modification procedure to the final 
layer weights V; Eq. 15 extracts the weights from the hidden 
layers. The dpk reflects the desirable result from neuron-k, 
while opk symbolizes the actual results of neuron-k of the 
input type. Weight values are reduced to try to minimize the 
square of the sum of the SSE (Eq. 17) across training modes.

(11)

(12)neth
j
=
∑N

i=1
Wjixi and Yi = f

(
neth

j

)

(13)net0
k
=
∑J+1
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Vkjyj and ok = f

(
net0

k

)

(14)f (net) =
1

1 + e−�net

(15)Vkj(t + 1) = vkj(t) + c�
(
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)
ok
(
1 − ok

)
yi(t)

(16)
Wji(t + 1) = Wji(t) + c�2 yj

(
1 − yj

)

xi(t)
(∑k

k=1

(
dk − ok

)
ok
(
1 − ok

)
Vkj

)

(17)SSE =
1

2P

∑p

p=1

∑k

k=1

(
dpk − opk

)2

Table 4  Linguistic terms and their corresponding LDFN

Linguistic terms LDFN

Nondifference (〈 0.15, 0.95 〉, 〈0.2, 0.8 〉)
Slight difference (〈 0.55, 0.71 〉, 〈0.4, 0.6 〉)
Difference (〈 0.64, 0.62 〉, 〈0.5, 0.5 〉)
Big difference (〈 0.88, 0.41 〉, 〈0.7, 0.3 〉)
Huge difference (〈 0.99, 0.25 〉, 〈0.8, 0.2 〉)

Results and discussion

This part introduces the discussion on ranking hospitals 
according to medical waste types for COVID-19. “Weight 
determination using AHP” describes the weight assignment 
of the estimate criteria for the decision matrix by adopting 
the AHP method. In contrast, “Prioritization of hospitals 
using the LDFN-FDOSM method” exhibits the ranking of 
hospitals with the LDFN-FDOSM method.

Weight determination using AHP

In this part, we offer the evaluation score of measurement 
weights for each decision matrix used to rank hospitals by 
medical waste. Besides, it explains the AHP result for the 
assigned weight to the medical waste types.

Three experts with experience higher than 20 years in mat-
ters related to medical waste were requested to complete the 
assessment and preferences processes. These experts measured 
multiple standard levels through comparison questions. These 
questions were reassigned twice among experts as the first 
round presented the problem of inconsistency in the experts’ 
answers. Table 5 displays the weights scores for the three 
experts related to the multiple criteria for each decision matrix.

Table 5 shows the criteria used by experts for ranking hospi-
tal’s priorities. The experts’ relative importance ratings for dif-
ferent criteria varied. All experts assigned the most significant 
weight to pharmaceutical waste; in contrast, general waste took 
the lowest weight. Moreover, the consistency ratio results indicate 
the weighting result of the criteria extracted from all experts has 
acceptable values because the value was less than 0.1.
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Prioritization of hospitals using the LDFN‑FDOSM 
method

To determine which hospitals should immediately receive 
direct interventions to treat medical waste, these hospitals 
should prioritize hospital waste during the coronavirus epi-
demic. As mentioned in Section 3.1.2, the LDFN-FDOSM 
method has been used to prioritize different hospital levels 
during the coronavirus outbreak. The results and discus-
sions were explained individually because the matching rate 
between hospitals was 100%. Hence, the need for grouping 
MCDM is considered worthless.

Individual LDFN‑FDOSM prioritization 
for the investigated hospitals

This section presents LDFN-FDOSM-based hospital indi-
vidual decision-making context results using the weight 
specified for assessment criteria derived from expert opin-
ions (“Weight determination using AHP”). The results of 
priority ranking for hospitals are shown in Table 6.

Table 6 shows that hospitals were prioritized according 
to Q value in ascending order. According to all experts, hos-
pital 6 ranked the best of the ten hospitals with a score of 
0.925 followed by hospital 9 with a score of 0.879, while 
0.894 and 0.887 for the first, second, and third experts, 
respectively. While hospital 1 was the worst with a score of 
0.596 for all experts. In short, there is no unanimity among 

the experts involved in determining the rank of hospitals. 
Furthermore, all the experts assigned unique rankings across 
all the hospitals. Since there existed such a variety of ranks 
among hospitals, a unified ranking based on group decision-
making is important to solve the variance problem in order 
to provide powerful evidence for academics and policymak-
ers, as illustrated in Table 7.

In short, there is agreement among the experts involved 
in determining the weight of types of medical waste during 
COVID-19 since their weights for criteria of this level were 
close to each other. Furthermore, in the 1st scenario, the 
ranking between hospitals was 60% matched by the opinion 
of the experts. Hence, there is a difference between each 

Table 5  Weights determination utilizing AHP according to experts

Criteria Expert 1 Consistency ratio Expert 2 Consistency ratio Expert 3 Consistency ratio

General waste 0.076 0.003 0.125 0.085 0.109 0.086
Sharps waste 0.126 0.209 0.171
Pharmaceutical waste 0.391 0.261 0.305
Infectious waste 0.184 0.182 0.185
Pathological waste 0.223 0.222 0.229

Table 6  Individual LDFN-
FDOSM prioritization for the 
investigated hospitals according 
to experts

Expert 1 Expert 2 Expert 3

ID Q Order ID Q Order ID Q Order

1 0.596 10 1 0.594 10 1 0.594 10
2 0.829 3 2 0.894 2 2 0.860 3
3 0.808 4 3 0.884 4 3 0.843 5
4 0.765 5 4 0.866 5 4 0.838 6
5 0.730 8 5 0.788 8 5 0.761 8
6 0.925 1 6 0.925 1 6 0.925 1
7 0.743 7 7 0.814 7 7 0.849 4
8 0.681 9 8 0.690 9 8 0.703 9
9 0.879 2 9 0.894 2 9 0.887 2
10 0.746 6 10 0.824 6 10 0.834 7

Table 7  Group LDFN-
FDOSM prioritization for the 
investigated hospitals

Final

Hospitals Q Rank

Hospital 1 0.590 10
Hospital 2 0.836 5
Hospital 3 0.829 6
Hospital 4 0.815 7
Hospital 5 0.767 9
Hospital 6 0.940 1
Hospital 7 0.861 3
Hospital 8 0.785 8
Hospital 9 0.890 2
Hospital 10 0.845 4
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expert and ranking hospital priorities. Given the sensitivity 
of the medical waste treatment procedure for COVID-19 
according to the circular economy perspective, the bench-
marking should be standardized for all hospitals to get more 
decisive results. Therefore, the group decision-making 
would provide powerful evidence for academics and poli-
cymakers, as illustrated in Table 7.

Table 7 provides insight into the ranking of hospitals 
based on medical waste production. Hospital 6 ranked in 
first place with a score of 0.940, followed by hospital 9 
with a score of 0.890, and hospital 7 with a score of 0.861 
emerged third in rank with the lowest production of medical 
waste, while hospitals 8, 5, and 1 occupied the bottom of 
the ranking with a score of 0.785, 0.836, and 0.590, respec-
tively. The combination of the AHP with LDFN-FDOSM 
method provided insight into the hospitals with an envi-
ronmental impact. Nevertheless, the issue of proposing a 
solution for the treatment of hospital waste on the basis of 
production is a critical issue. After getting the result of the 
group decision-making (GDM), this result should be evalu-
ated for stability using the systematic ranking (evaluation) 
given in the next section.

Sensitivity analysis

Hospitals were prioritized and then split into three groups 
to verify the findings of the group prioritization process for 
each scenario. Several hospitals make up each group inside 
each tier. Depending on the situation, each group contains 
fewer or more hospitals vis-a-vis other groups. The number 
of subgroups inside each subgroup will not have any effect 
on the validation outcomes. However, the latter group should 
have the most prominent or equal number of hospitals com-
pared to the others. The statistical approach (i.e., the mean) 
was calculated for the grade information of the priority hos-
pitals to ensure the priority hospital group was subject to 
systematic ranking (Eq. 18).

The first group should achieve the highest value which 
should be proved when taking measurements of the aver-
age. The average of the first group must be higher than the 
second group. However, for the second group, the scores for 
the mean must be more than the third group. In terms of the 
third group, the average should be less than those in the first 
group and second groups. The results of the verification are 
shown in Table 8.

In the validation, the comparisons were made for every 
hospital. Based on the validation outcomes, group 1 is 
superior to groups 2 and 3. This is due to the fact that the 
LDFN-FDOSM method’s normalization methodology has 

(18)mean =
1

n

∑n

i=1
xi.

broadened the data range of each hospital in the bottom-up 
phase, thus causing the mean value to be the greatest. To 
authenticate the significance of the proposed method, the 
sensitivity analysis predicts the impact on the ranking results 
of the hospitals with changing criteria weights. To start, the 
most important criterion should be identified for the purpose 
of analyzing sensitivity. Pharmaceutical waste was the most 
important consideration for all criteria listed in Table 9 in 
this research.

Experimentation with different weights of criteria was 
done to figure out how changing the weights of criteria 
would affect the outcomes. The relative change for each cri-
terion over the most important one (pharmaceutical waste) 
with respect to 1.3 is shown in Fig. 3.

where w∗
z1

 indicates the max criterion’s weight coeffi-
cient at its revised value. The considered criterion’s value is 
diminished by w∗

n
 . wn providing the initial value of the cri-

terion under consideration. The maximum criterion’s initial 
value is shown in wz1.

Hospitals one, six, and nine remain at the same rank in all 
scenarios which are ten, one, and two respectively. Hospital 
2 ranked fifth in all scenarios, except for the original and 
first scenarios where it was in the third rank. In addition, 
hospital 3 remained fourth in the original and first scenario 
but dropped to the sixth rank in the second to 10th scenario. 
Moreover, the fourth hospital ranked fifth in the initial and 
first scenarios but dropped to seventh in the remaining sce-
narios. Hospital 5 continued in the eighth place until the 
third scenario, after which it fell to the ninth place in all 
remaining scenarios. Hospital 7 raised to the 3rd rank from 
S2 to S10 and kept the sixth rank in the original and first 
scenarios. In contrast to the fifth hospital, the eighth hospital 
was in the ninth place until the third scenario, after which it 
takes to the eighth place in all remained scenarios. Finally, 
hospital 10 was in the seventh place in only two scenarios, 
but in the rest of the scenarios, it was in the fourth rank.

In general, there were no significant changes; almost 
every five to six scenarios were similar to one alternative; 
for example, in hospital 2, hospital 3, and hospital 4, there 
was a change in only 2 scenarios from 10 scenarios, and the 
rest is similar, while in hospital 1, hospital 6, and hospital 9, 
it was stable in all scenarios. Spearman’s rank is one of the 

(19)wn ∶
(
1 − wz1

)
= w∗

n
∶
(
1 − w∗

z1

)

Table 8  Validation results Rank

Group 1 0.897
Group 2 0.837
Group 3 0.739
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most powerful techniques for determining the correlation 
between a set of variables. It measures the strength of the 
correlation between two variables. Spearman’s rho (Spears’ 
rho) is the correlation coefficient between two ranking ran-
dom variables. According to importance, pro and con factors 
are ranked according to their relative size.

The results showed that hospitals had a high correlation, 
as shown in Fig. 4.

For the ranking of hospitals, correlation analysis results 
are shown in Fig. 4. The rank correlation is 0.818 in two 
out of ten scenarios (S2 and S3). The rest seven scenarios 
had rank correlation values of 0.806 for S4 to S10, and 1 
for S1. The combination of the AHP with LDFN-FDOSM 
method provided an insight into the hospitals’ environmental 
impact. Nevertheless, the issue of proposing a solution for 

(20)rs = 1 −
6
∑

i d
2
i

n3 − n

the treatment of hospital waste based on production is criti-
cal. This study adopted the non-linear and non-compensa-
tory relationship method based on the ANN approach. The 
following sections explain the recommended solution.

Table 9  Sensitivity analysis 
scenarios

Notice: S scenario

Hospitals Original rank S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Hospital 1 10 10 10 10 10 10 10 10 10 10 10
Hospital 2 3 3 5 5 5 5 5 5 5 5 5
Hospital 3 4 4 6 6 6 6 6 6 6 6 6
Hospital 4 5 5 7 7 7 7 7 7 7 7 7
Hospital 5 8 8 8 8 9 9 9 9 9 9 9
Hospital 6 1 1 1 1 1 1 1 1 1 1 1
Hospital 7 6 6 3 3 3 3 3 3 3 3 3
Hospital 8 9 9 9 9 8 8 8 8 8 8 8
Hospital 9 2 2 2 2 2 2 2 2 2 2 2
Hospital 10 7 7 4 4 4 4 4 4 4 4 4

Fig. 3  Sensitivity analysis of 
the hospitals benchmarking

Fig. 4  Rank correlation in ten scenarios
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The ANN model used the sigmoid functions to activate 
the concealed and results layers. Through several stages of 
the learning procedure, failures can be limited, prediction 
accuracy enhanced, and 90% allocated to training processes. 
The remainder of the samples were utilized for testing. The 
accuracy of the ANN model was evaluated by computing 
the square root of the RMSE error (Leong et al., 2020). The 
results of the ANN activation function are shown in Fig. 5.

The three experts’ responses were distributed using the 5-point 
Likert scale. Table 10 illustrates the artificial intelligence to iden-
tify appropriate technologies for the circular economy perspective 

for hospital waste removal according to the ranking of hospitals 
generated by MCDM. Table 10 shows the variable importance. 
Hence, the circular economy perspective was applied to recom-
mend appropriate hospital waste removal techniques depending 
on the hospital ranking during the COVID-19 pandemic.

Hospital’s data shows that the ozone method has the 
highest weight, while the autoclave chemical technique 
heat and the dry heat methods receive the worst weight. 
Table 11 presents the parameter estimates. The hidden neu-
rons of H (1:1) are the chief contributing neurons, while H 
(1:2) are the most inhibitive neurons; following is H (1:3).

Fig. 5  The ANN model. Note: IT incineration technique, PT pyrolysis technique, MT microwave technique, AC autoclave chemical technique, 
VH vaporized hydrogen peroxide, DH dry heat, OZ ozone, UL ultraviolet light, HR hospitals rank, H hidden layer
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Theoretical implications

The coronavirus outbreak has led to multiple health and envi-
ronmental problems; for instance, medical waste has been 
exacerbated because of the increased use of PPE and other 
medical tools by the frontline health workers and people. 
Managing medical waste has been quite a big challenge for 

countries like Iraq, which lack strong medical infrastructure. 
This study has been conducted in the context of hospitals 
in Iraq and it seeks to theoretically understand the medical 
waste issue and medical waste management in a developing 
country. Though the issue has been studied in the developed 
countries (MacNeill et al., 2020), it has different dimensions 
in the context of Iraq. The study investigated the role of 
circular economy in dealing with the medical waste. There 
are indications that circular economy can address the medi-
cal waste issues and be relevant, especially in developing 
countries (Suárez-Eiroa et al., 2019). Similarly, discussing 
the circular economy from the perspectives of the COVID-
19 pandemic has proffered exciting and essential results. 
Therefore, the results obtained in this research can benefit 
scholars in two ways. Firstly, this research provides insights 
to deal wisely with the economic aspect (ongoing expenses 
because of the reinvestment of waste and the sustainability 
of the supply chain) of the effects of COVID-19. Secondly, 
the results may encourage many projects and investments in 
medical waste recycling, which will create new job opportu-
nities. The current study was complementary to a technical 

Table 10  Independent variable importance

Disposal techniques Importance Normalized 
importance

Incineration technique 0.149 53.3%
Pyrolysis technique 0.131 47.2%
Microwave technique 0.066 23.7%
Autoclave chemical technique 0.065 23.2%
Vaporized hydrogen peroxide 0.125 45.0%
Dry heat 0.049 17.7%
Ozone 0.279 100.0%
Ultraviolet light 0.136 48.8%

Table 11  Parameter estimates

IT incineration technique, PT pyrolysis technique, MT microwave technique, AC autoclave chemical technique, VH vaporized hydrogen peroxide, 
DH dry heat, OZ ozone, UL ultraviolet light, HR hospitals rank, H hidden layer

Predictor Predicted

Hidden layer 1 Hidden layer 2 Output layer

H(1:1) H(1:2) H(1:3) H(1:4) H(1:5) H(1:6) H(1:7) H(2:1) H(2:2) H(2:3) H(2:4) H(2:5) HR

Input layer (Bias) .417 .483 −.274 −.266 .349 .386 −.319
IT .019 .016 −.216 −.354 .880 .112 −.386
PT .648 .425 −.890 −.738 .872 −.363 −.539
MT −.134 .065 −.198 −.586 .730 −.094 −.199
AC .632 .193 −.094 .452 −.263 .067 .357
VH .174 −.170 .181 .816 .328 −.171 .207
DH −.537 −.137 −.590 −.504 −.052 .032 −.461
OZ −.640 −.038 .048 .171 −.156 .058 .212
UL −.721 .504 .688 .448 .116 .043 .166

Hidden layer 1 (Bias) .315 .022 −.119 −.303 −.355
H(1:1) .154 .388 .368 .224 .596
H(1:2) −.301 −.028 .130 .053 .132
H(1:3) −.960 −.463 −.365 −.140 .216
H(1:4) −1.020 .584 −1.078 .342 −.283
H(1:5) .875 −.441 .703 .029 −.021
H(1:6) −.306 −.605 .218 −.847 .600
H(1:7) −.326 −.296 −.448 .293 .437

Hidden layer 2 (Bias) .514
H(2:1) −2.098
H(2:2) .079
H(2:3) −.535
H(2:4) −.147
H(2:5) .088
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aspect of many studies that used circular economy in the 
light of the coronavirus epidemic (e.g., Teymourian et al., 
2021; Ibn-Mohammed et al., 2021; Nandi et al., 2021). The 
current research contributes in terms of ranking and clas-
sifying the hospitals with respect to the volume and type of 
medical waste generated and thus bridges the gap mentioned 
in the preceding studies (e.g., Wuyts et al., 2020; MacNeill 
et al., 2020; Nandi et al., 2021). By classifying hospitals 
based on the generation of medical waste using LDFN-
FDOSM and providing a solution about the best circular 
economy method for medical waste disposal by employing 
the neural network approach, this study contributed to the 
literature by identifying the best and worst circular economy 
method for medical waste disposal. It also contributed to the 
literature by adopting the MCDM approach based on the 
LDFN-FDOSM method and the non-compensatory relation-
ships approach according to the ANN approach to provide an 
insight into the circular economy of medical waste in a novel 
context. This research involved integrating AHP, LDFN-
FDOSM, and ANN methods to classify and select the best 
alternative for ranking hospitals. The ranking of hospitals is 
essential for many governments to choose a proper technique 
for the disposal of hazardous medical waste based on the 
weight of the medical waste disposal determined by the size 
of the collected medical waste through artificial intelligence.

Practical implications

This study bears practical implications for hospitals and 
policymakers in Iraq. Private and governmental hospitals in 
Iraq are still growing, and as a consequence, the amount of 
medical waste produced will rise in the near future. At the 
same time, the Iraqi Ministry of Health has set recommen-
dations to ensure appropriate medical waste management. 
However, little commitment and will is shown in adhering 
to guidelines and health standards rules. Decision-makers 
disregard apathy toward practices for waste management 
exacerbate climate change and environmental pollution sig-
nificantly (Mensoor, 2020). Hospital waste is thrown directly 
into the Tigris River, contaminating it with harmful chemi-
cal and biological toxins. This requires immediate attention 
to lower the amounts of such toxic chemicals in the envi-
ronment. The situation is compounded by the fact that that 
medical waste gets mixed with general waste in the studied 
hospitals of Baghda to make the matter worst.

The main practical implication of this study is the devel-
opment of a methodology for prioritizing hospitals based on 
the MCDM and ANN approaches. This methodology assists 
professionals in the hospitals to be specialized in medical 
waste disposal and be assertive in decisions when choosing 
the appropriate medical waste disposal technology depend-
ing on the hospital rank and the types of medical waste in 
the aftermath of COVID-19. This study adopted multiple 

decision-makers (experts) in selecting weights for evaluation 
criteria and standardized measurement. This study provides 
many benefits and practical implications for practitioners and 
scholars by designing an application to identify hospitals that 
are generating medical waste the most in the aftermath of 
the COVID-19 pandemic. Moreover, MCDM and ANN tech-
niques were used to identify the suitable technology for each 
hospital according to the rank obtained from MCDM methods 
and improve the possibility of recycling medical waste. This 
study suggests an opportunity to reduce the time and costs of 
disposing of medical waste and determine the most appropri-
ate method for each hospital during the coronavirus global 
epidemic. Scholars and policymakers can benefit from the 
intelligent framework developed by this study to overcome the 
challenges of climate change. This study provides a guide for 
the development of the most important criteria to be adopted 
to assess the sustainability of many hospitals. In addition, the 
study complements the findings of previous literature by pro-
viding insights to policymakers about the role of the circular 
economy in reducing waste and misuse of resources.

The study suggests some important research guidelines 
for future scholars. It is recommended for future research 
that the consideration of assortment of sectors will provide 
more precise results and improve theoretical implications. 
The study recommends that Iraqi government take rapid 
action to overhaul incinerators and replace them if need be 
for hospitals that have been destroyed (Falih et al., 2021; 
Hama et al., 2021). The Health Ministry must strive dili-
gently to educate waste management workers in hospitals. 
Additionally, the Iraqi government should consider imple-
menting stricter rules prohibiting improper storage or trans-
portation of medical waste to reduce environmental pollu-
tion. Reusing and recycling resources can create more robust 
and sustainable supply chains and enhance the transition to 
a circular economy society, allowing further expansion and 
innovation of blockchain technology.

Conclusion

A recent study about the current challenges in medical waste 
management and future sustainable management by Singh 
et al. (2022) revealed that many countries worldwide are 
facing challenges of proper disposal and management of 
medical waste generated during the COVID-19 pandemic. 
The cost of managing medical waste is estimated to the tune 
of $17.89 billion, which was $11.77 billion in 2018. The 
outbreak of the COVID-19 pandemic has aggravated medi-
cal waste production and thus caused immediate issues of 
environmental pollution and human health crises. Previous 
studies showed that even before the outbreak of COVID-19, 
almost half of the world population was facing environmen-
tal pollution and health issues due to unsafe and improper 
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medical waste disposal. Hospitals around the world needed 
novel medical waste management techniques in addition 
to the already available ones. One possible solution to the 
problem could be the recycling of medical waste, especially 
plastic materials used in packaging and personal protection 
equipment. Recycling and other green measures can ensure 
future sustainability. This study has focused on the medi-
cal waste generated during COVID-19 in Iraqi hospitals. 
MCDM methods were used to make choice of hospitals for 
this study based on the production of medical waste. By 
using the ANN method, we proposed few medical waste 
management and disposal techniques for the selected hos-
pitals. Our study has provided a detailed account of vari-
ous coronavirus disinfection techniques including incinera-
tion, pyrolysis, microwave technique, autoclave chemical 
technique, vaporized hydrogen peroxide, dry heat method, 
ozone, and ultraviolet light. We proposed LDFN – FDOSM 
methods for prioritizing hospitals which need immediate 
interventions for medical waste management. Our proposed 
novel intelligent medical waste management framework can 
help hospitals to redefine their waste disposal strategies and 
design them within the perspective of circular economy.

Like all other research studies, we submit certain limita-
tions of our study. First, only three experts were involved in 
prioritizing the hospitals based on the LDFN-FDOSM method. 
We believe that inclusion of more experts could further refine 
the prioritization of hospitals. Secondly, the application of 
the proposed methods in other contexts may be varied due 
to contextual differences and we proposed the application of 
proposed methods to other contexts for robust results. Circular 
economy is an evolving concept in the field of medical waste 
management and hence, we recommend using the proposed 
methods for its effectiveness. This is one of the possible ways 
out that the damage caused to environment and public health 
by medical waste can be mitigated and governments and policy 
makers can seek help to devise environmental policies aimed 
at minimizing the greenhouse gas emissions.
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