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Abstract

Throughout the world, Coronavirus Disease 2019 (COVID-19) pandemic
possesses an enormous effect on the plastic waste management because of the
unexpected flow of medical waste that has been conducted to a universal
waste management calamity. Inappropriate handling of plastic waste could
conduct to numerous unwanted effects on nature, animals, and human be-
ings. Nevertheless, following appropriate waste management and the valid
techniques, considering in a dissimilar manner of the existing catastrophe
would be a chance. Approximately 40% of the plastic waste ended up in land-
fill, 25% incinerated, 16% recycled and the remaining 19% are discharged in-
to nature. The augmentation of plastic wastes and demand of plastic markets
work as a good economic measure for investors and government initiatives to
invest in techniques that transform plastic waste into value-added products
like fuel and construction materials. This will close the loop of the life cycle of
plastic waste via attaining a sustainable circular economy. This short discus-
sion furnishes insight of the state of plastic waste before and during the
COVID-19 pandemic. The treatment route of plastic waste like sterilization
technology, incineration, and substitutional techniques obtainable in trans-
forming plastic waste into value-added products are briefly assessed. More
performant, flexible and advanced technologies of dealing with the plastic
wastes under dangerous catastrophes ought to be continuously suggested.
Every action followed will participate to the importance of such problem
since this is a key aim of the community to safe a cleaner and greener nature.
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1. Introduction

COVID-19 possesses a coronavirus-specific nucleic acid sequence that is distinct
from already recognized human coronaviruses provoked by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) [1] [2] [3] and is identical to
those observed in bats [4]. As COVID-19 is an airborne disease, the virus could
be diffused readily via air droplets exhale out from a contaminated human’s
mouth or nose [5] [6] [7]. Most of the signs are moderate; however, in intense
cases, the sick persons will suffer from signs like pneumonia, pulmonary oedema
and organ failure that could be fatal [1] [8] [9]. On 30th January 2020, the
COVID-19 pandemic was announced as Public Health Emergency of Interna-
tional Concern [10] following a large evaluation of the epidemic. Because of the
gravity of the trouble, the disease was declared as a pandemic on 11th March
2020 [1] [10].

Throughout the world, numerous protective programs (e.g., washing hands
frequently, social and physical distancing) have been suggested to diminish the
probabilities of diffusing of COVID-19. As seen above, COVID-19 virus propa-
gates via airborne in which liquid droplets are sprayed out from the mouth and
nose when the person coughs or sneezes. Moreover, social gatherings neither
large- and small-scale were banned during the lockdown since when people
come in crowded places, the ventilation of the enclosed space becomes deficient.
Then, it is obligatory to wear face masks to decrease the risks of the airborne vi-
rus entering the human body by nose or mouth. Further, actions like touching
our eyes, nose and mouth must be averted in public areas as a lot of pathogens
can be existing on the surface of the hands after contacting with different objects
[1].

Misfortunes do not come singly as the globe not only confronting the COVID-19
pandemic but as well struggling with the augmentation of wastes mostly from
plastics to both the society and healthcare sectors [1]. Even if the present protec-
tive actions demanded by the governments was to block more wave of COVID-19
spreading, the appearance of plastic waste is being quickly formed unintention-
ally like the plastic bottles of sanitizer, facial mask, and surgical gloves because of
the elevated production and purchasing volume to satisfy the need of the society
[1]. Plastics have outstanding strength, durability and versatility, particularly in

healthcare sector with major application in single-used plastic medical tools,
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equipment, and packaging [11]. The Personal Protective Equipment (PPE) could
be formed of different kinds of plastics like Low-Density Polyethylene (LDPE),
High Density Polyethylene (HDPE), Polyethylene Terephthalate (PET), Poly-
vinyl Chloride (PVC), Polypropylene (PP), Polycarbonate and Polystyrene (PS)
[1]. Employing PPE can be life-savior throughout such pandemic; however, the
collection, mismanagement and littering of such plastic wastes could lead to an
abrupt collapse of waste management chains that will provoke grave environ-
mental contamination in both terrestrial and marine ecosystems. In addition, the
deluge of medical wastes augmented considerably throughout the COVID-19
disease. For example, Wuhan (China), the famous city from which COVID-19
broke out, produced 200 tons of clinical trash on the exact day, 24th of February
2020 [1]. The quantity of trash is four times the quantity the city’s only dedicated
facility can incinerate per day [12]. For 7.8 billion population across the globe,
the monthly consumption is evaluated at 129 billion for facial masks and 65 bil-
lion for surgical gloves [13]. The demand and supply of plastic-based PPE
against the actual catastrophe have been anticipated to augment around 40% per
month in the supply chain of different safety products worldwide [1].

As a consequence, Khoo et al [1] discussed the present state-of-the-art of
plastic wastes prior and throughout the COVID-19 outbreak. They estimated the
technologies implied in the treatment pathway of plastic waste management [1].
The present review gives a brief insight of the techniques obtainable in fate of
converting plastic waste into value-added products. Since global plastic waste
persists to augment, scientists have to use such waste resources and transform
them into value-added products via merging the actual obtainable techniques,

transforming the actual crisis into an opportunity for the future industries.

2. Substitutional Technologies Transforming Plastic Waste
to Value Added Products

Despite the fact that incineration is a frequent application for dealing with plas-
tic waste, it possesses numerous unfavorable effects on the nature (Figure 1) [1].
Some investigations [14] revealed that waste incineration possesses approx-
imately 50 effects on the nature. The four highest ecological effects remain ma-
rine aquatic ecotoxicity, marine sediment ecotoxicity, acidification and ionizing
radiation [14]. Consequently, substitutional techniques with less unwanted in-
fluences on the nature and human health appeal more studies and amelioration.
Such situation is worsen by the effect of medical waste on plastic waste because
of the actual COVID-19 pandemic [1]. Such circumstance could present an oc-
casion to exploit in techniques for transforming plastic waste into value added
products. The augmenting production of plastic wastes and the augmenting de-
mand of plastic markets work as a good economic index. In addition, building
novel company can even form more job chances. Because of the COVID-19
pandemic, as of 6th April 2020, 20 million jobs had been lost only in the United

States with an elevation in the unemployment rate of 12.2% [1]. As a result, the
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Figure 1. Unwanted influence of plastic waste on the nature [1].

presently obtainable substitutional techniques for transforming plastic waste into
value added product could assist the actual COVID-19 pandemic crisis convert-
ing it into occasions and diminish the undesirable influence of plastic waste on
the nature and human health.

Transforming plastic waste to fuel has been investigated during several years
and it is not a fresh path [1]. Because of the augmentation of plastic waste gener-
ally, there has been a switch in study attention where there has been numerous
investigations on enhancing the processes applied in transforming plastic waste
to fuel. Several techniques may be cited like chemo-lysis, pyrolysis, fluid catalytic
cracking, hydrogen technologies, catalytic pressure-less depolymerization process
(known as KDV process, KDV is a German acronym for Katalytische Drucklose
Ver6lung or the catalytic pressure-less depolymerization process, it was sug-
gested by the German company Alphakat GmbH, it affirms the catalytic conver-
sion of biomass and plastic waste towards liquid fuels at nearly atmospheric
pressure) and gasification as listed in Table 1 [15].

One of the popular techniques implied in the transformation of plastic waste
into fuel is known as pyrolysis [1]. Pyrolysis could be further divided into ther-
mal pyrolysis, catalytic pyrolysis and microwave-assisted pyrolysis [16] [17] [18]
[19]. As a fresh development, microwave-assisted pyrolysis had attracted much
interest from scientists thanks to its numerous benefits like faster heating rate
and cost effectiveness juxtaposed to different kinds of pyrolysis [20]. Through-
out pyrolysis, plastic waste is intensely heated (~500°C) in a short time and oxy-
gen deficient medium; in such circumstances, long chain, macromolecular

structures of polymers decompose into smaller polymer molecules or oligomers
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Table 1. Large assessment of the different techniques employed in transforming plastic
waste to fuels [1].

Technologies Function Conditions

Methanolysis:

Temperature: 180°C - 280°C.

Depol . lastic into it Pressure: 20 - 40 atm.
epolymerizes plastic into its
POy P . Hydrolysis. the reaction of plastic
monomer through various g o
. . with water under neutral, acidic
Chemo-lysis depolymerization routes: . . .
or basic conditions at high

thanolysis, glycolysis, hydrolysis,
methanolysis, glyco ysis, Aycerolysis temperature and pressure.

ammonolysis and hydrogenation. Glycolysis.

Temperature: 180°C - 250°C with
excess of glycol.

Breaks down macrostructure of the
polymer to form smaller molecules

Pyrolysi by depolymerization or random Temperature: 500°C.
rolysis
IO fragmentation. The pyrolysis products Pressure: 1 - 2 atm.
of plastic waste can be in the forms
of gas, liquid and solid residue.
Converts plastic waste into fuel,
Fluid catalytic commodity chemicals and fine
. vt . ty Temperature: 300°C - 350°C.
cracking chemicals through thermal and
catalytic decomposition process.
Temperature: 375°C - 400°C.
Hydrogen Convert plastic waste into liquid fuel P
technologi th h hvd i i Pressure: 70 atm.
echnologies rou, rocracking reactions.
& gy & With the addition of hydrogen gas.
Catalytic depolymerization: conversion
yt. POty K . Temperature: 250°C - 320°C.
KDV process of biomass and plastic waste into .
L. . K Pressure: Atmospheric pressure.
liquid fuels such as diesel oil.
Converts plastic waste to a gaseous
mixture containing CO, CO, Ha, CHa Temperature: 1200°C - 1500°C.
Gasification and other light hydrocarbons via Pressure: 50 - 100 atm.

partial oxidation. The gaseous With oxygen and steam.
mixture is known as syngas.

and monomeric units [1]. In this technique, the fuels generated are in the form
of liquid, oil and gas with char as the by-product. Such products could be em-
ployed in the field of petroleum chemical industries, refineries, boiler for energy
or power application; whilst, char generated may be utilized in the domain of
wastewater treatment [21] [22] [23]. Researchers noted that the percentage of
liquid fuel formed from pyrolysis of various kinds of plastics like PS, PP, LDPE,
HDPE and mixed plastic are 81%, 80%, 73%, 70% and 46% of liquid fuel, respec-
tively [21] [24]. It must be mentioned here that mixed plastic generates the low-
est quantity of liquid fuel; thus, the sorting stage of plastic waste is so crucial [1].
Plastic waste has to be separated into its respective kind of plastic to form the
highest quantity of liquid fuels when undergoes pyrolysis. Moreover, the draw-
back of liquid fuels that renders them not appropriate for the transportation fuel

is related to the occurrence of high aromatic chemicals. Consequently, the up-
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grading of fuel with various post-treatment processes (e.g., distillation [25], re-
fining or blending with traditional diesel) is requested for the application of
transportation fuel [21]. However, this has conducted to the suggestion of mi-
crowave-assisted pyrolysis. Mahari et al [22] noticed that the liquid oil formed
via microwave-assisted co-pyrolysis (employed frying oil and plastic waste) de-
picted interesting green features including low oxygen content, free of nitrogen
and sulfur and higher energy content (42 - 46 MJ/kg). In fact, more investiga-
tions should be dedicated to the domain of microwave-assisted co-pyrolysis on
the suitability of liquid oil for the application of transportation without upgrad-
ing the fuel [1].

Apart from transforming plastic waste to fuel, researchers mentioned lately
that employing plastic waste in the field of construction materials such as road,
cements and concrete is promising. Indeed, blending demolition waste and po-
lyethylene plastic granules with up to 5% content is found convenient for road
construction material [26]. Moreover, researchers as Jassim [27] explored the
chance of generating plastic cements from polyethylene waste and Portland ce-
ment with ratio proportion of 3:2, respectively. Other scientists [28] evaluated
the mechanical characteristics of the integration of metallized plastic waste and
geopolymer concrete. In addition, some studies depicted that substituting 10%
sand by volume with recycled plastic has the capacity to save 820 million tons of
sand every year [29]. Further, this could even lower the price of house construc-
tion that let low- or mid-income family to afford a house. On the other hand, the
roads, house, concrete or cement are open to sunlight the whole day. This is why
it remains fundamental to determine whether recycled plastic blended in the
concrete will undergo thermal degradation that could form microplastic that
may be dangerous to human health. Family members living in the house con-
structed of recycled-plastic based concrete could be open to toxic microplastic in
the long term. Different value-added products like synthesis of graphene nano-
sheets [30], carbon nanomaterials [31], and synthesis of metal organic frame-
works [32] have as well been mentioned in several investigations. Valorizing
plastic waste demands more studies and amelioration in the performance and
practicability of obtainable techniques. By 2040, around 80% of the plastic pollu-
tion trouble could be solved via employing present grasp and processes and at a
lower price for waste management [1]. Figure 2 illustrates a global estimation of

the diverse way in transforming plastic waste into value-added products [1].

3. Future Trends and Dares

Throughout the globe, the traditional processes employed to deal with the plastic
wastes are mechanical recycling, incineration and landfilling [1]. Mechanical re-
cycling procedure occupied 16%, whilst 25% of the plastic wastes are recycled via
incineration and another 40% were disposed to the landfills. The residual 19%
were not duly treated and discharged into the nature. Such techniques of treating

the plastic wastes yet are not the best manner to deal with such trouble. Upon
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Figure 2. Large estimation of the different process ways in transforming plastic waste to
value-added products [1].

the eruption of COVID-19 pandemic, the situation become graver. There are
several restrictions like the presence of preservatives in plastics, cross contami-
nation of polymer and incomplete decomposition of polymer when utilizing
mechanical methods to recycle the plastic wastes. In order to deal with sin-
gle-used plastics with minimal impurities, the most efficient procedure remains
by recycling. In countries such as India, almost 80% of PET bottles are recycled.
Nonetheless, such technique is not usable to all kinds of plastics, particularly
those with weak integral structure. Throughout the COVID-19 catastrophe, the
request of recycled plastics appeared to be extremely competitive in the market.
Insufficient workers and lockdown in the nations provoke the gathering and
treating plastic wastes to become more demanding for the plastic recycling in-
dustries. Because of insufficient capital cost, the industries are incapable to em-
ploy its full potential and management. Consequently, such circumstance con-
ducts to mismanagement of wastes and disposal to the nature provoking dan-
gerous ecological consequences [1].

In the heart of combating the COVID-19 outbreak, collaboration at a univer-
sal level stays demanded to treat the problem of plastic wastes [1]. Concerning
plastic contamination, fresh attention was dedicated to substituting plastics with
bioplastics. It is well understood that plastic debris of biodegradable plastic
would stay in the soil and marine environment for more than three years. For
compostable bag, even it will break up in the marine environment during three
months, yet the debris stay intact in the soil. Researchers even illustrated that the
decomposition of bioplastics into micro- and nano-plastics could threaten ma-
rine organisms and conduct to air and soil contamination. Outrageous aggrega-
tion of microplastics in the ecosystem constitutes a bigger ecological danger than
the initial intact litter. As a result, even if the PPE is formed from bioplastic ma-
terials, considering the actual calamity, it would not be a suitable solution since
biodegradable plastic solutions alone will not correspond to marine litter reduc-

tion. The most fundamental parameter is PPE and all wastes must be conve-
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niently disposed and handled. With a view to diminish the trouble of plastic
waste, combined solutions (comprising efficient technology, safe goods, under-
standing of litter prevention and enforcement of illegal dumping activities by
law) will stop huge plastic contamination [1].

With a view to reform the plastic waste management, it is suggested to induce
personal behavioral and social developments [1]. Ameliorations could be at-
tained if both these features happen at the same time. Founded on a thorough
analysis, numerous short-term and long-term guidelines are listed in Table 2 for
policymakers to adopt the requested adjustments to treat the unavoidable eleva-

tion in the usage and disposal of single-use plastics after a pandemic [1].

Table 2. Ten guidelines for policymakers to adopt the requested adjustments to deal with
the unavoidable augmentation in the usage of single-use plastics after a pandemic [1].

Guideline Description

Creating policies that beat psychological and behavioral barriers, comprising
Guideline #1 suspicion of reused and recycled product and augmenting public consciousness
of the view of single-use plastic as security rather than a dare.

The authority has to furnish specific colored bags to dispose and seal up the
Guideline 42 employed PPE for every h(.)useho.ld. In such conditi(.)n, it is more éppropriate
to separate and treat the biomedical wastes. In public area, a specific color of

bin shall be provided for the PPE items.

Promoting investments in the production of good along with hygienic and
Guideline #3 recycling purposes. This will spark the innovations and making the current
products fit for different uses.

Promoting study in the suggestion of novel techniques to deal with the plastic
Guideline #4 packaging [33] [34] [35]. Investing in fresh technology like chemical recycling
appears to be apt to furnish good quality chemicals from plastic wastes.

Suggesting bioremediation techniques in wastewater treatment plants
Guideline #5 (e.g., microalgae-bacteria consortium [36] [37] [38]) for biodegrading
microplastics [39] [40] [41].

Involving topic related to plastic contamination and the consequences to the
Guideline #6 nature in the education. It remains one of the fundamental procedures to
induce awareness of the citizens in the long term.

Government must apply rules and regulation like charges for usage of plastic

Guideline #7
uidettne bags. When the demand lowers, the production will as well diminish.
Policy remunerations for productivity in the recycling sector (that frequently
- give remunerations for renewable technology) must to be organized differently.
Guideline #8

It is crucial to define and provide remunerations to the recycling plants that work
efficiently and cite them through the media to stimulate and motivate others.

Concerning the long-term program to ameliorate the performance of recycling the
Guideline#9  plastic wastes, it is important to amend policies to diminish multilayer packaging
and promote homogenous plastic packaging materials that are easier to recycle.

Companies have a contribution in funding waste management sector field and

o foster entrepreneurial avenues in plastic waste management. Thus, the funds

Guideline #10 . .
and services allocated by the corporations must be counted as one of the

producer responsibilities.
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4. Conclusion

Following the COVID-19 outbreak, the production of plastic wastes has raised
greatly [1]. One of the sequels induced throughout the COVID-19 pandemic is
the unexpected augmentation of plastic waste, particularly for personal protec-
tion and healthcare products. Plastic has a key contribution among of fighting
against COVID-19 pandemic since most of the protective equipments are fabri-
cated from plastic materials. The propagation of the pandemic drops a monstr-
ous effect on nature. Tons of plastic wastes have been fabricated throughout the
world and most of the wastes are disposed to landfills with lower fractions being
recycled. The dependence on plastics has augmented and this will modify our
long-term objectives of transitioning towards a circular economy. In a long run,
sequels like health-related troubles and ecological contamination will worsen if
plastic wastes are not treated correctly. The present system and infrastructure to
deal with plastic wastes remain restricted and not efficacious to dominate the
fluxes of waste production. Innovations that would stimulate present products
and techniques are requested to ameliorate economic and environmental per-
formance. Governmental support with more contingency plans will be required
to deal with the plastic wastes problem in the next decades. More efficient and
advanced technologies for dealing with the plastic wastes under dangerous ca-
tastrophes must be continuously suggested. Every action followed will partici-
pate to the importance of such problem since this is a key aim of the community

to safe a cleaner and greener nature [1].
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