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Plastic Recovery and Utilization: From
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Department of Marine Science and Technology, School of Earth and Mineral Sciences, The Federal University of Technology,
Akure, Nigeria

Due to their numerous merits (such as high durability, diverse applicability, ready-
availability, low-cost, reusability, and so on), the presumably inevitable use of plastics
makes their waste ubiquitously dispersed in our environment, especially in the oceans. The
environmental damage posed, especially to the ecosystem, initiated the need for recourse
control of these environmentally refractory pollutants. In this review, the various sources,
classifications, fate, and control measures of plastic wastes were appraised. Further, of the
three primary techniques for resource control, pyrolysis was reviewed in-depth, showing
its relevance and superiority over others. Specific case studies showed that liquid and
gaseous fuels derived from pyrolyzed plastics are a waste-to-wealth system that requires
optimization and intensification. Such an approach would further help rid our planet of the
numerous plastic wastes while improving our economy and achieving our energy demand.
One approach identified to improve the current pyrolysis technology is catalysis. Further
research should devise green methods for organic catalysis, which are environmentally
benign.

Keywords: recycling, pyrolysis, energy recovery, oil and gas, ocean plastic

INTRODUCTION

Globally, plastics are indispensable materials due to their diverse applicability, excellent durability,
hydrophobicity, low thermal and electrical conductivity, ready availability, and relatively low
production cost, leading to an incessant increase in their demand by humans (Syamsiroa et al.,
2014; Khan et al., 2016). Plastics can be used in different applications such as insulations, noise
reduction, sealing, and electronic components (Awasthi et al., 2017). About =280 million tons of
plastics are produced annually, while a proportion of this quantity is recycled, adding to the amount
in the subsequent year (Chanashetty and Patil, 2015). Figure 1A shows the quantity and trend of
primary waste plastic generated in the last 115 years from various industries, while Figure 1B depicts
the production/pollution magnitude by country.

Due to the outright abuse of plastics and their improper waste management, vast quantities are
indiscriminately discarded on bare lands, oceans, sewers, and drainages. When water flows in the
sewers and drainages are blocked in the cities, flooding ensues (Alabi et al., 2019). This condition
often endangers human lives and properties. Whereas, oceanic plastic pollution disrupts ocean
navigation, affecting marine productivity and causing the sudden death of some vulnerable marine
mammals, thereby degrading the ecosystem (Awuchi and Awuchi, 2019).

According to the World Economic Forum 2019, if plastic pollution is not curbed, it will
overpopulate and outweigh the Pisces on or before 2050 (Schwab, 2019). In Figure 2, the
attribution of plastic waste pollution (based on production magnitude, management flaws, and
oceanic pollution) globally is provided.
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FIGURE 1 | (A) Trend of plastic waste production per industry from 1950 to 2015 (Geyer et al., 2018) (B) Magnitude of plastic production/pollution by country
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Plastics are majorly categorized into thermoplastics and
thermosetting polymers. On exposure to sufficient heat,
thermoplastics repeatedly soften and melt. Expectedly, they
harden to their status quo when heat is withdrawn (Manickam
etal., 2015). This property makes them amenable to recycling.
Popular examples of thermoplastics include polyethylene
(PE), polypropylene (PP), polystyrene (PS), and polyvinyl
chloride (PVC). Figure 3 depicts the classification of
plastics according to their demand per sector and amount
found in polymers. On the contrary, thermosets or
thermosetting plastics melt and take shape once upon
exposure to sufficient heat, i.e., they are not amenable for

recycling after first production (Askeland, 1996; Dhinakaran
et al.,, 2020).

Bottling companies, eateries, and packaging companies are the
primary sources of plastics. The European Union recently moved
to enact stricter restrictions on indiscriminate disposal of organic
waste, emphasizing the need to recover and recycle solid wastes,
especially plastics (Wasilewski, 2013).

The chemical bonds that form during the polymerization of
plastics are characteristically strong, resulting in high durability
(i.e., high resistance to natural degradation). The non-
biodegradability of plastics makes their elimination from the
ecosystem very tedious (Chanashetty and Patil, 2015).
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FIGURE 2 | Attribution of plastic waste pollution (in millions of metric tons per year) across the global (d'Ambrieres, 2019).
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FIGURE 3 | Categorization of plastics based on demand per sector and polymer type (PlasticEurope, 2015).
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TABLE 1 | Properties of toxins found in or produced by plastics (Bouchentouf, 2013; Pawar et al., 2016).

S/N Toxin Plastic Use/Source Concentration range Health effects
type
1 Bisphenol A PVC, PC As plasticizer and can liner 43-483 mg/kg in food Estrogen interference
wrappers
2 Phthalate esters PS, PVC As plasticizer and fragrance 0.5-30.8 mg/kg in food Testosterone interference
wrappers
3 Dioxins All plastics From PVC manufacture and waste Carcinogen, testosterone interference
incineration
4 POPs All plastics As pesticides and flame retardants Neurological and reproductive
interferences
5 Monomeric Polystyrene  Styrene production 1-71 pg/kg Forms DNA adducts
styrenes
6 PCBs All plastics Electronics parts Thyroid interference
7 PAHs All plastics Combustion of fossil fuels Stunted growth and reproductive
interference
8 Nonylphenol PVC As antistatic, antifog, and surfactant 10-3,300 pg/g Estrogen interference

Therefore, a holistic management approach to curb the plastics
pollution menace is imperative.

In this current age, humans cannot do without plastics. Even if
further plastic production is banned, the residual problem
accrued over the years will linger for many years to come
because plastics are already dispersed in every sphere of the
environment (Godfrey, 2019). Therefore, instead of a
production ban on plastics, a more realistic mitigation
approach is to scavenge plastics from waterways, lands, sewers,
drainages, oceans, etc, and recycle them appropriately.
Alternatively, converting waste plastics into liquid fuel via
pyrolysis portends a plausible solution to the environmental
challenges associated with the excessive use of plastics
(Sharuddin et al., 2017). Since energy demand keeps rising
and fossil fuel generation, which is expensive and
environmentally unfriendly, remains the primary source,
biofuel generation through plastic pyrolysis portends a clean
and economical option for energy generation (Al-Salem et al,
2020; Erdogan, 2020; Khan et al., 2016).

Besides providing introductory details about the nature and
routes of plastic pollution globally, this review appraises plastic
recycling and energy recovery technologies, especially via
pyrolysis, to enhance a greener and sustainable environment.
Also, the environmental impact of waste pollution, the recovery
methods, detailed experimental results, and cost implications are
reviewed.

NEGATIVE IMPACTS OF PLASTIC
POLLUTION

The negative feedback from plastic pollution is mainly environmental
and social (Pawar et al., 2016). Plastic debris causes esthetic problems,
and it also presents a hazard to maritime activities, including fishing
and tourism (Li et al,, 2016). Discarded fishing nets causes ghost
fishing, resulting in losses to commercial fisheries (Richardson et al,,
2018). Also, marine organisms can easily colonize floating plastic
debris if it persists at the sea surface long enough, thereby facilitating
the transport of non-native species. However, the problems attracting
most public and media attention are those resulting in ingestion and

entanglement by wildlife. More than 260 marine species have been
susceptible to ingestion of plastics or entanglement within plastic
debris, which retard their movement needed for feeding and mating,
causing various degrees of lacerations, ulcers, even death (Alabi et al,,
2019).

On gaseous release, CO, and CH, are released when landfilled
plastic wastes decompose naturally. Besides, when plastic wastes
are subjected to open-burning, the released CO, (being a
greenhouse gas) traps radiant heat, contributing more to the
already increasing global warming (Royer et al., 2018). Open
burning of plastics and plastic products also releases pollutants
hazardous pollutants, such as toxic metals, persistent organic
pollutants (POPs, like dioxins, polychlorinated biphenyl, and
furans), which induces respiratory disorders carcinogenic
diseases if inhaled or ingested (Verma et al,, 2016).

Most of the additives present in plastics are potential
carcinogens and endocrine disruptors. Ingestion, skin contact,
and inhalation are the main routes of exposure of humans to these
additives. Table 1 lists the uses and various health effects of toxic
compounds in plastic types (Pawar et al., 2016). For instance,
dermatitis has been reported from skin contact with some
additives present in plastics (Salles and Deschamps, 2010).

A WET LOOK ON MICROPLASTICS

Recently, the occurrence of microplastics (MPs) has motivated
researchers into a new direction of research (Smith et al., 2018).
Plastics in the environment undergo photochemical, thermal, and
biological degradation to form MPs (Fok et al., 2020). MPs are
plastics of less than 5 mm in size (Thompson et al., 2004). Most
MPs form from breaking off of large plastics (Cole et al., 2011).
Also, the aging process can result in MPs release into drinking
water, having similar polymer composition to the plastic used for
water transportation (Mintenig et al., 2019) Because of their
relatively small size, large specific surface area, and strong
adsorption capacity, MPs pose more ecological risks than their
bulkier counterparts by adsorbing persistent organic pollutants
(POPs), toxic metals, and pathogens in the environment (Bakir
et al., 2014).
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FIGURE 4 | Possible toxicokinetic routes for microplastic pollution on aquatic species (European Environmental Agency, 2019).

MP pollution has become popular in water environmental
protection research. Yet, the environmental factors influencing
MPs production are not fully understood and inadequately
investigated. Pollution sources, human activities, and
hydrodynamic factors have been reported to influence MP
accumulation and transportation in the ecosystem and the
food chains (Horton et al, 2017). One of the hydrodynamic
factors that affect MP sizing and dispersion is the river width; the
wider the width, the faster larger MPs are transported (Warnock
and Ruf, 2019). Other properties are pH, temperature, and
salinity.

Horton and coworkers found that 70-80% of MPs waste in
marine systems was imported by rivers. MPs from point sources
include direct input from sewers, drains, and others (Horton et al.,
2017). Those from non-point sources are runoff from different land-
use types, having a more complicated impact on the distribution of
MPs in river systems MP pollution is spatially different and strongly
affected by land-use types (Jang et al,, 2020).

In vitro and in vivo studies show that micro- or nano-plastics
might overcome tissue barriers, thus interacting with single cells
and inducing the activation of cell responses, especially effects on
the immune system (Lehner et al, 2019a). Yet, the potential
toxicity of MPs to the human body has not yet been extensively
studied.

Humans are exposed to MPs via inhalation, ingestion, or dermal
absorption (Lehner et al,, 2019b). Of these, drinking water is the most
prominent exposure route (Novotna et al., 2019). For example, MPs
were found in all the treated water samples, having an abundance
range of 338 + 76 to 628 + 28 MP L™". In the effluent of a drinking
water treatment plant in the Yangtze River Delta, 1-5 um MPs were
found at 930 + 72 MP L™" (Ren et al., 2020). In China, MPs (at 440 +
275 MP?L™") were found in 38 tap water samples from various cities

(Tong et al., 2020). Earlier, Mason and colleagues found 93% MP
concentration from 259 bottled water samples of 11 various brands
(Mason et al., 2018).

Usually, MPs get into drinking water during water
purification, transportation, and packaging, suggesting that
plastic forms of equipment or containers are likely the entry
points (Eerkes-Medrano et al., 2015). For instance, some MPs
(>1 um) were detected in bottled mineral water, at a level of
2,649 + 2857 MP L' contained in a disposable PET bottle.
Here, PET was the predominant MP, indicating that packaging
was the likely contamination source (Schymanski et al., 2018).
Elsewhere, MPs (>20um) were found in wastewater
purification systems. The abrasion of plastic equipment
during the purification or transport was opined as the MP
source in the drinking water (Mintenig et al., 2019). In China,
polyethylene (PE, 26.8%) and polypropylene (PP, 24.4%) were
the most abundant MP polymer types observed in drinking
water because PE and PP are abundant pipe material used
(Tong et al., 2020).

Figure 4 depicts the potential routes by which marine
microplastic  pollution could hinder biological species
(Enerkem, 2018; European Environmental Agency, 2019).
From this illustration, we could deduce that the enormous use
of plastic bottles globally is largely responsible for the current
hindrances microplastics are inducing on marine lives.

Human consumption of animals exposed to microplastics and
plastic additives can be detrimental. Generally, humans are
exposed through inhalation, ingestion, or dermal absorption
(Lehner et al., 2019b), as drinking water has been opined as
the main route (Novota et al, 2019). In particular, the
microplastics abundance (MP) found in treated water ranged
from 338 + 76 to 628 + 28 MP L™ (Pivokonsk et al., 2018).
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PLASTIC RECOVERY

Despite the diverse and intense efforts devoted to curbing
plastic pollution, it is still uneconomical to segregate the
various plastics found in our water bodies or landfills before
any further treatment. Ideally, each plastic type should be in a
separate stream to ensure cleaner and efficient recycling,
enabling a higher percentage of the expected outcome
(Hopewell et al., 2009). An easy way out is to sort at the
source, i.e., household sorting of plastic bottles after

prewashing and drying. Figure 5 shows the recent and
projected treatment and fate options of plastics that enter
the ecosystem.

Mechanical Recycling

Mechanical recycling involves two processes: physical methods to
homogenize the waste (ie., storage, shredding, washing, and
sorting) and melt processing (i.e., re-granulation and
reprocessing) (Vannessa, 2007). A generalized mechanical
recycling process for plastic recovery is depicted in Figure 6.
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The flakes are further processed by compounding into a more
turgid material (Ragaert, 2019).

The recyclates can effectively replace the original plastics. The
process after re-melting could involve injection molding,
extrusion, rotational molding, and heat pressing (Lettieri and
Baeyens, 2009; Ignatyev et al., 2014).

Generally, the mechanical recycling method is only applicable
to thermoplastic materials. Examples of mechanical recycling of
post-consumer plastics waste include 1) collecting, cleaning,
sorting, pulverizing of PP crates, followed by blending with
plain polymer for molding new crates (Coulier et al., 2007), 2)
collecting, washing, pulverizing, re-washing, sorting, drying, re-
granulation, and converting of low-density polyethylene (LDPE)
films into refuse bags (Ragaert et al., 2017), and 3) collecting,
sorting, pulverizing, washing, sorting, drying, and processing PET
bottles into polyester fibers, used to make diverse forms of sheets
and containers (Lopez-Fonseca et al, 2011; European
Environmental Agency, 2019).

Chemical Recycling

Chemical recycling occurs by chemically reducing a polymer to
its original monomeric form for reprocessing (re-polymerization)
into brand new plastics (Figure 7) (Andrady, 2003; Karayannidis
and Achilias, 2007; Al-Salem et al., 2009; Francis, 2016; Das and
Tiwari, 2018). Here, the thermal and catalytic depolymerization
of long polymer chains into oligomers can either be deployed
solely or used to complement mechanical recycling (Grigore,
2017). The option of reproducing the original polymer or a

Plastic Pollution Control and Utilization

different kind suffices because the derived monomers,
oligomers, or mixtures of other hydrocarbons are suitable
feedstock materials (Olah et al., 2008; Francis, 2016).

For example, through microwave irradiation in the
presence of (di)ethylene glycol and metal salt catalyst, PET
monomerizes into the intermediate monomer bis(2-
hydroxyethyl)terephthalate (BHET) (Pingale and Shukla,
2008; Achilias et al., 2010). The BHET can then be used to
reproduce PET via polymerization with the release of ethylene
glycol (Scheirs, 1998; Scheirs and Long, 2003).

The chemical processes for depolymerizing plastics include
glycolysis, gasification, methanolysis, and pyrolysis. This review
focuses on the pyrolysis route.

During the chemical recycling of PET via glycolysis, ethylene
glycol molecule is incorporated into the PET chains, forming
bis(hydroxyethyl) terephthalate (BHET), which is a substrate for
PET synthesis and other oligomers (Colomines et al., 2005;
Karayannidis and Achilias, 2007; Lépez et al., 2011).
Generally, BHET catalyzes PET glycolysis of several ionic
liquids. For instance, with basic ionic liquid, 1-butyl-3-
methylimidazolium hydroxyl ([Bmim]OH), it exhibits higher
catalytic activity ~ than 1-butyl-3-methylimidazolium
bicarbonate  ([Bmim]HCO3), 1-butyl-3-methylimidazolium
chloride ([Bmim]Cl), 1-butyl-3-methylimidazolium bromide
([Bmim]Br) (Yue et al., 2011). Elsewhere, the purification of
glycolysis products was catalyzed by ionic liquids, a process
simpler and more efficient than the wuse of traditional
compounds (such as metal acetate) (Wang et al., 2009).

Gasification involves partial combustion, initially developed
for coal and oil industries. There are several system variations,
depending on the gas used, such as pure oxygen, air, steam,
oxygen-enriched air, or CO, (Mishra et al., 2018). In turn, the
temperature required depends on the fuel type, usually within
800-160°C. Gasification is beneficial for fuel gas production
because one gaseous product is formed. However, the process
is too energy intensive, cost-ineffective, and potentially unsafe
(Sikarwar et al., 2017). The synthetic gas generated is graded
based on its composition, heat capacity, and applicability.
Usually, more than 73% of the waste’s carbon content is
converted to gas, leaving behind benign ash residue for
subsequent and terminal disposal (Vannessa, 2007).

Elsewhere, a typical example of methanolysis is one whereby
polyethylene terephthalate (PET) is degraded by methanol at
180-280°C and 2-4 MPa, yielding dimethyl terephthalate (DMT)
and ethylene glycol (EG), among other minor by-products (Al-
Sabagh et al., 2016; Geyer et al., 2016). The chemical process of
PET methanolysis is presented in Figure 8.

PYROLYSIS OF PLASTICS

As depicted in Figure 9, pyrolysis is a process when plastics are
heated in the absence of oxygen till the waste plastic material
decomposes into gases and oils. During pyrolysis, plastic
polymers break down into small molecules (Sharuddin et al.,
2017). Pyrolysis at high temperatures (>600°C) favors the
production of small gas molecules, while low temperature
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(<400°C) produces more viscous liquids. This process is a viable
route for recycling waste plastics and converts into fuels and gases
and also solves the environmental problem because most of the
plastic commonly contains toxic and halogen flame retardants
(Maafa, 2021).

Pyrolysis helps convert post-consumer waste plastic into
produce valuable hydrocarbons and a unique approach for
catalytic recycling of plastic waste (Awasthi et al., 2017).

Energy Recovery

Energy recovery usually refers to the recovery of the inherent
energy of a material (Eriksson and Finnveden, 2017). Because
most polymers oil-based materials, it is understandable that they
are excellent sources of liquid fuel. The quantity of energy
recoverable from a plastic when incinerated largely depends
on the calorific value of the plastic. The approximated average
calorific value of mixed plastic waste is 35 MJykg, superior to

those of paper (16 MJykg) and organic waste (3 MJykg)
(Hopewell et al., 2009). Aside from incineration, waste-derived
fuel and recovery of methane from landfill are other energy
recovery approaches.

Comparatively, Japan and the United States are nations on the
frontline of implementing energy recovery technologies. For
instance, Japan subjects about 78% of its municipal waste to
energy recovery mechanisms, while Denmark and the
United Kingdom only use 58 and 9%, respectively (Goodship,
2007). These wide differences among the nations can be
attributed to the varying degree of acceptance of landfilling as
a waste disposal option. However, with the growing cost and strict
restrictions on landfilling, the prospect of energy recovery is
expected to improve.

Many European countries have adopted routine use of
municipal solid waste combustors with modern energy
recovery and fiue gas cleaning technologies to improve
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meeting the high domestic electricity demands. It is more energy
efficient when the combustor is coupled with a local municipal
heating system, thereby producing and supplying hot water and
steam to homes and other structures where needed (Ryu and
Shin, 2013). In some areas in Paris, France, residential buildings
are equipped with combustors, enabling domestic waste
incineration that also provides readily available and low-cost
heating systems for the residents (Larané, 2000). The first ever
electricity generating plant that operates solely on waste plastics
as fuel was built in Japan. The plant can manage 700 tonnes of
plastic wastes a day, generating enough power for 30,000 Japanese
homes (Vannessa, 2007).

Commercial Benefits: Experimental

Reports

Al-Salem et al. (2020) pyrolyzed plastic waste in an Auger
Pyrolysis Reactor at 500°C. Their research gathered that plastic
waste reclamation from landfills and subsequent conversion into
hydrocarbon products was efficient and commercialized, judging
by the mass balance and product characterization. Further
analysis confirmed that the liquid fractions shared similar
properties with petrol and diesel, while the wax products were
viable and could be used for coating, covering, and lubrication
(Gabbar et al., 2017). Before then, Demirbas (2004) pyrolyzed
conducted three plastics types viz. polystyrene,
polyethylene, and polypropylene, retrieved from landfill. The
pyrolyzed polystyrene yielded higher liquid (especially styrene,
with minor quantities of naphtha, gasoline, and light gas oil). In
contrast, the others were more efficient in generating gaseous
fuels (mainly paraffinic hydrocarbons and olefins).

Onwudili et al. (2009) carried out Co-pyrolysis of PS and PE
at 300-500°C in a closed batch reactor. Specifically, PE degraded
to oil at 425°C. Beyond this temperature, the amount of fuel oil
(mainly aliphatic hydrocarbons) product reduced as more char
and fuel gas were produced. On the other hand, PS degraded at
=350°C into a viscous dark-colored aromatic oil, mainly
toluene and ethylbenzene, often used as raw materials in
the paint industry. Thus, a closed batch system can
effectively degrade LDPE and PS into high-grade liquid
fuels, new industrial raw materials, and/or chemical
feedstock for the petroleum refinery.

About a decade ago, Adrados et al. (2012) collected waste
plastics (of various types, such as PE, PP, PS, etc.) from a local
material recovery facility. They pyrolyzed the waste plastics in a
non-stirred, semi-batch reactor, at a heating rate 20°C/min to
500°C, and held for 30 min. The final products consisted of
409 wt% of oils, 25.6 wt% gases, and 53 wt% of char, with
282 wt% of inorganic residue, derived from the non-plastic
packaging materials in the waste. The oils consisted of C5-C9,
C10-C13, and >C13 compounds, while the pyrogas comprised of
light hydrocarbons (such as methane, ethane, ethene, and <C6
molecule), CO2, CO, and hydrogen. The char, with 29.3% carbon
content, is potentially an excellent solid fuel.

Elsewhere, Chanashetty and Patil (2015) carried out pyrolysis
of waste LDPE to derive liquid fuel similar to petrol or diesel. The
team found that the properties of the fuel obtained were similar to

waste
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those from petrol. Also obtained from the thermal cracking were
some light gases, such as methane, ethane, propane, and butane.

More recently, Budsaereechai et al. (2019) pyrolyzed four
waste plastic types viz. PS, PP, LDPE, and HDPE in the
presence of pelletized bentonite clay as a catalyst. They
reported that the oils from PS were primarily aromatics in the
gasoline range (C5-C9). At the same time, PP, LDPE, and HDPE
yielded aliphatic hydrocarbons with longer chains, making them
suitable fuels for diesel engines.

Reduced Environmental Pollution

Due to the incessant increase in the production, use, and abuse of
plastics on a global scale, the rate and magnitude at which plastic
wastes are generated have also increased astronomically in the
past 3 decades. This scenario has led to severe environmental
problems arising from the need to dispose of such huge quantities
of waste daily (Miteva et al., 2016). Because plastics are non-
biodegradable, eliminating them from the ecosystem is
cumbersome. Their common treatment via indiscriminate
burning has been indicted to contributing to greenhouse gas
emissions. Thus, incineration has sufficed as a major treatment
option for plastic waste in reducing greenhouse gas emissions
(Oasmaa et al., 2020).

Of the three main plastic waste maintenance methods
(i.e., incineration, mechanical recycling, and chemical recycling
(pyrolysis)), landfilling is more responsible for
environmental issues because of the environmental load
involved (Miskolczi et al., 2009). Plastic waste disposal via
landfills provides habitats for insects and rodents, causing
various diseases among nearby residents (Alexandra, 2012).
Because landfilling is time-consuming before noticeable results
can be observed, the method has been found to induce
environmental burdens, acting as stressors to the soil, aquifers
and promoting air pollution in the form of odor release (Al-Salem
et al., 2020).

Alternatively, the incineration of plastics produces a large
amount of thermal energy, which is often accompanied by
some air pollutants. When not properly operation, incinerators
release carcinogens in the form of dioxin, furan, and toxic metals
in the smoke, causing secondary environmental problems
(Chanashetty and Patil, 2015). Based on these facts,
researchers have agreed that the most prospective route for
plastic waste management (i.e., control and utilization) is via
pyrolysis (Miskolczi et al, 2009; Syamsiroa et al, 2014).
Moreover, the oil produced from biomass pyrolysis is a
“green” fuel because it is combustion contributes to lowering
CO2 emissions. Overall, pyrolysis is a more efficient, economical,
and cleaner plastic waste management technology (Abnisa et al.,
2004).

severe

Enhanced Energy Recovery of Plastic
Pyrolysis Via Catalysis

To improve the energy recovery efficiency of plastic waste
pyrolysis and shorten the recovery time, numerous catalysts
(such as zeolite, silica-alumina, and fluid-cracking catalyst)
have been used.
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Catalytic pyrolysis of plastic waste with binder-free bentonite
clay pellets was carried out by Budsaereechai et al. (2019). The
clay pellets successfully ensured the production of liquid fuels
with improved calorific values and lowered viscosity. Also, the
study demonstrated that using the catalyst in a powdery form
induced unwanted pressure drop in the catalyst column, a
scenario avoided by using pellets. Also, with the pellets, the
operation time was reduced to only 10 min/kg of plastic waste.
Moreover, no wax was formed in this particular system.

Elsewhere, Suhartono et al. (2018) reported plastic pyrolysis using
natural zeolite as a catalyst in the search for alternative fuel. The
catalyst achieved the highest fuel oil yield derivation. The researchers
obtained 650 ml (65% vol/w) and 550 ml (55% vol/w) of fuel oil from
1 kg of HDPE and LDPE, respectively. However, without catalysis,
the respective yields were 250 ml (25% vol/w) and 300 ml.

In another study, Miteva et al. (2016) performed catalytic
(A1203-Si02) pyrolysis on waste plastic. The researchers reported
that SiO2 exhibited the most significant effect on the quality and
quantity of liquid fuel produced. Another research on fuel
production from municipal plastics wastes using Y-zeolite and
natural zeolite as catalysts was reported (Syamsiroa et al., 2014).
Here, the catalyst reduced the liquid fraction at the expense of the
gaseous fraction. The authors attributed this result to the presence of
impurities in the waste. When the two catalysts were later compared
against each other, it was found that the natural zeolite catalyst was
more efficient of the two materials. Elsewhere, zeolite catalyst has
been credited with lowering the impurities’ levels derived from the
oil of pyrolyzed municipal plastic waste (Miskolczi et al., 2009).

Apart from using zeolite, bentonite, and silica/aluminum, spent
Fluid Cracking Catalyst (FCC) has been adopted as a catalyst to
improve the plastic conversion during pyrolysis (Lee et al., 2003). The
efficiency of FCC was compared with that of thermal degradation
(without catalyst). FCC was observed to have lowered the degradation
temperature, hastened the liquid fuel product rate, and reduced the
residue content than the conventional thermal degradation.

Cost Implications

Although the environmental benefit of plastic pyrolysis has been
established, there is a need to evaluate the cost of operating a plastic
pyrolytic process for commercial purposes (Enerkem, 2018). In this
scope, the production cost is the consumption of Liquid Petroleum
Gas (LPG) for the pyrolysis of plastic waste, excluding equipment
investment cost. Suhartono et al. (2018) evaluated production cost and
the price of oil fuel produced per unit 2 kg of plastic waste raw. In their
research, they concluded that the operational cost of pyrolysis using
LPG as a thermal source was IDR 12,300/L (=$170/L) of fuel oil, while
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CONCLUSION

Since the production and use of plastics cannot be halted in the
foreseeable future, due to the immense benefits of plastic to the
modern world, the way forward includes the following:

1. Where unavoidable, more thermoplastics, which is recyclable,
should be produced for essential use, rather than
thermosetting plastics, which are unrecyclable;

2. The pyrolysis option of resource recovery should be prioritized
because of its inherent benefits, such as being a waste-to-
wealth scheme and environmental benignity.

3. For source control, household energy recovery from plastics
has exemplified in Paris, should be encouraged.

4. Where possible, governments should monetize the scavenging
of plastics from the ocean and other waterways to reduce the
eventual environmental cataclysm that results from flooding
and endangered aquatic lives.
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