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Abstract

Nowadays, there exists a global challenge confronting efficient management of municipal solid wastes. Varying degrees
of environmental challenges including regular release of greenhouse gases and scarcity of available space for waste
disposal have been caused by escalating accumulation of these wastes’ materials resulting in inappropriate waste man-
agement. These challenges have aroused alarming public concerns, resulting in political legislation aimed at minimiz-
ing the amount of wastes getting into the environment. These activities attempt to offer solution which will enhance
sustainable waste management, while promoting MSW recycling, and efficient conversion of waste materials to energy,
and other valuable chemicals. These conversion procedures can be achieved through use of either biological processes
such as anaerobic digestion or thermochemical procedures such as pyrolysis. Thus, the current review elucidates novel
routes effectively utilized in converting MSW to energy and other valuable chemicals.
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PP Polypropylene
PE Polyethylene
PS Polystyrene

PvC Polyvinyl chloride

PET Polyethylene terepthallate

WEEE  Waste electrical and electronic equipment
EPA Environmental protection agency

USEPA  United States Environmental Protection Agency
LDPE  Low density polyethylene
HDPE  High density polyethylene

RDF Refuse-derived fuel

1 Introduction

The inherent non-biodegradable nature of petroleum-
based plastics has posed a hazardous threat to the envi-
ronment due to their abundance in the waste stream.
Waste plastics have continually littered the environment
and have constituted critical challenges such as clogging
of drains and escalated cause of health-related issues. Their
abundant presence in the waste stream poses critical chal-
lenges especially without effective waste management.
Many countries accumulate waste plastic pyramids requir-
ing proper disposal; however, due to the cost of waste dis-
posal, many rely on indiscriminate plastics dumping.

According to ASTM, a plastic is defined as a material
composed mainly of an organic substrate of high molecu-
lar weight maintaining solidity in its final state, and, in cer-
tain stage in the manufacturing processing prior to being
turned into finished product, can undergo shaping by
flow [1]. However, this definition did not mention numer-
ous additives, coatings, or treatments included in plastic
blends and composites encountered during plastics recov-
ery prior to re-utilization. Plastics play a vital function in
our everyday living due to its lightweight, versatility, low
cost of production, safety and hygiene, durability, chemi-
cals resistance, electrical and thermal insulation in com-
parison with its competing materials. These properties
have positioned plastics to become relatively indispensi-
ble in every aspect of life [2].

Plastics are applied in engineering, automotive, con-
struction, medical, aerospace, electrical, robotics, and so
on. The rapid growth in global economy and development
has also improved the quest and reliance on these materi-
als, resulting in its accumulation in landfills which poses
danger to human and animal health, environmental pol-
lution issues such as contamination of groundwater and
sanitation challenges. Hence, an effective and sustainable
route of treating these waste materials is critical to elimi-
nating these challenges.

Plastics are composed of a wide range of complex
chemical compounds formed into varying products, and
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various plastic resins are not easily differentiated. Accord-
ing to UNEP, about eight million tonnes of plastic is glob-
ally dumped into the oceans annually, killing marine life
while also penetrating the human food chain. These pose
challenges during collection, separation, and recycling of
PSW. The durability of plastics causes their accumulation
and persistency in the environment with estimated rate of
over 25 MT per year [3].

Moreover, the conversion of plastics to their constituent
chemicals is often technologically difficult and not profit-
able. The management of plastics recovered from MSW is
a most sensitive industry due to the continual increase in
the quantity of plastics recovered from MSW, biodegrada-
bility difficulty, and its hazardous effect on the society. The
escalating quest for plastics has resulted in accumulation
of pyramids of waste plastics in landfills which has occu-
pied vast spaces, thereby contributing to environmental
challenges. Due to the versatile application of plastics in
numerous areas, there has been global increment in plas-
tics production globally. This escalating quest for plastics
has resulted in petroleum depletion as component of non-
renewable fossil fuel because plastics are derived from
petroleum.

MSW techniques can be approached through an LCA
method capable of enabling identification of environmen-
tal influences associated with the alternatives in a funda-
mental manner facilitating identification of most sustain-
able alternatives [4]. It is imperative to note that about
90% of plastics presently utilized undergo synthesis via
non-renewable fossil sources. Hence, it becomes impera-
tive to inculcate IWM systems into plastic production and
modification schemes of PSW. LCA programmes aid in the
selection, appropriate techniques application, technolo-
gies, and management insight to attain specialized waste
management aims.

The objective of IWM includes ability of controlling gen-
erated waste in order to attain standard requirements for
ecobenign disposing through waste inhibition, re-utiliza-
tion, and recycling [5]. The IWM scheme is separated into
classes, namely: (i) waste generation (ii) waste transport,
origin sorting and processing, (iii) gathering (iv) separating
and processing (v) transfer base and waste transport man-
agement, and (vi) discarding. These functional groupings
are imperative because of developmental activation and
framework definition for evaluating impact of prospec-
tive variation in solid waste functions. Alternative routes
established for the management of wastes plastic include
recycling and energy recovery technologies. However, the
recycling technique exhibited some limitations relative to
the high cost of labor needed during the separation proce-
dure which also resulted in contamination of water which
in turn minimized the sustainability of the process. Hence,
as result of these deficiencies, interests of researchers
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diverted toward other techniques of energy recovery in
order to compensate for the high demand of energy. Thus,
through wide and intensive research and development of
technology, waste plastics conversion to energy evolved.
Conversely, since petroleum is the major source of manu-
facturing plastics, plastics recovery to liquid oil via ther-
molysis process offered great prospects as the produced
oil exhibited high calorific value in comparison with the
commercial fuel. Fundamentally, the challenges of solid
wastes continue to supersede its disposal issues.
However, despite the technical and environmental chal-
lenges of waste accumulation, there exists varying degrees
of political, administrative, economical, and societal issues
to contend with. Waste management refers to scientific
techniques engaged in solving all these challenges and
entails detailed plan, proper designing, and operational
tools for the collection, transportation, processing, recov-
ering, and finally waste disposal [6]. As a result of increas-
ing depletion of sources of fossil fuel such as crude oil, nat-
ural gas, and coal, the current economic growth rate is not
sustainable. Thus, numerous sources of renewable energy
have been studied [7, 8]. However, prospects of develop-
ing other sources of fuel such as wastes plastics are yet to
assume large-scale economic essence. Recently, emerging
advancement in technology has resulted in large increases
in production of varying types of plastic commodities,
which result in either direct or indirect generation of
waste as result of their versatile range of applications, in
addition to their various forms and relative inexpensive-
ness. Due to the similarity of plastics calorific value to that
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of hydrocarbon fuel, the attainment of fuel from wastes
plastics would offer an excellent avenue to use waste as a
better option to dump sites. Varying techniques of plastics
conversion of waste to fuel such as thermal and catalytic
pyrolysis, microwave-enabled pyrolysis, and fluid catalytic
cracking have been utilized. Also, co-pyrolysis of plastics
waste inconjunction with biomass has also been used [9].

Generally, plastic wastes are referred to as industrial
or municipal plastic wastes relative to their origins. Fig-
ure 1 reveals overall waste composition in United States of
America (USA), China, United Kingdom (UK), and European
Union (EU).

However, these groups have varying attributes and
properties and are aligned to varying management sys-
tems [10]. A major portion of municipal waste is occupied
by plastic wastes. Furthermore, large quantities of plas-
tic waste emanate as by-products or damaged products
emitted as industrial or agricultural waste [11]. However,
thermoplastics account for about 78 wt% of the overall
plastic waste, while the remainders are thermosetting
plastics. Thermoplastics can easily undergo recycling and
consists mainly of polyolefins such as PP, PE, PVC, and PS
[12]. On the other hand, thermosetting plastics mainly
include plastics which are difficult to recycle such as urea
formaldehyde, melamin formaldehyde, and polyurethanes
[13]. Hence, the recycling of PSW has attracted attention
of numerous researchers in previous decades.

These researches are also engineered by variations in
environmental and regulatory challenges [14, 15]. The uti-
lization of plastics has been noted in several applications
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in our daily lives including bags, mulches, covers, wiring
and coating, greenhouses, packaging-films, covers, and
containers [16]. This invariably results in the evolvement of
huge accumulation of PSW in end flow of municipal solid
waste (MSW). There is significant presence of plastics in all
MSW classifications because of their utilization in packag-
ing such as bags, sacks, wraps, containers for milk, soft-
drinks, and water which represent the highest tonnage
[17, 18]. Plastics are also presently utilized in furniture,
appliances, lead-acid battery casings, and other products.
Plastic plays a key role in our daily lives. However, due to its
accruable properties, such as versatility, lightweight, low
cost of production, and economic development, the quest
and dependency for these materials have escalated, result-
ing in its accumulation in landfills, thereby constituting a
high risk on human and animal health, and created other
environmental pollution problems, such as groundwater
contamination, sanitary issues, and so on. Hence, a sus-
tainable and effective plastic waste treatment is vital in
alleviating these challenges. Pyrolysis is a thermochemical
wastes plastic treatment method which can offer a pana-
cea to these pollution challenges, in addition to recovering
valuable energy, and products such as oil and gas [19]. The
pyrolysis of PSW has attained prominence, because of its
numerous advantages channeled toward alleviating envi-
ronmental pollution, and reducing plastic products carbon
footprint through the minimization of carbon monoxide
and carbon dioxide emission, in comparison to combus-
tion and gasification [20].

Decreasing cost and reducing landfill spaces are arous-
ing interests for alternative routes of disposing PSW [21].
With evolving years of research, the plastic sector has suc-
cessfully attained feasible techniques for recovering, treat-
ment, and recycling of waste from used products which
are economical and ecobenign. PSW emanating from com-
mercially established grade resins have successfully gone
through recycling to various end-products such as green-
houses, appliances, automobile-parts, textiles, mulches,
and films. However, treatment of PSW and recycling pro-
cedures could be divided into four main classification
including primary or re-extrusion, secondary or mechani-
cal based, tertiary or chemically oriented, and quaternary
or energy recovery. Notably, each technique offers peculiar
benefits placing it at advantage for specific requirements,
needs or applications [22]. Nevertheless, mechanical recy-
cling technique, also referred to as secondary or material
recycling, entails physical modification, in comparison
with chemical recycling, which entails tertiary treatment,
composed of feedstock recycling, which manufactures
feedstocks for chemically based industries.

The process of recycling plastics has been elucidated as
involving scrap or plastics waste recovery and subsequent
material reprocessing into viable products which entirely
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vary from their original status [23]. The end product
derived from varying techniques of plastic recycling has
enabled classification between various plastic recycling
techniques [24]. This classification can be fundamentally
elucidated in Fig. 2.

Primary recycling where the recovered plastic is utilized
in manufacturing products possessing the performance
attributes equivalent to those fabricated utilizing the pris-
tine plastics. Here, the recycling process involves material
recovery, and plowing back to attain varying applications.
In secondary recycling, the plastic derived is used in prod-
ucts requiring less pressing attributes, in comparison with
original material usage. In tertiary recycling, the waste
plastic is utilized as feedstock in the process generating
the chemicals and fuels. In comparison with glass and
metals, plastic may need higher processing duration. The
combination of two different plastics results in low mixing
entropy; hence, resins must be of almost similar compo-
sition to effectively mix together. When melting two dif-
fering plastic types together, phase separation tends to
occur. The interfaces at the phase boundaries are weak,
causing structural weaknesses in the emanating com-
pounds. Hence, combined and untreated polymer blends
have limited application [25]. Initially, plastic recycling
industry focused on basic recycling of single plastics types
which generate the highest financial reward. The process
of wastes plastics thermolysis is schematically classified as
elucidated in Fig. 3.
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Pyrolysis is a thermochemical plastic waste treatment
technique which can find solution to varying types of
plastic wastes pollution challenges, in addition to other
valuable energy products such as gas and oil. PSW pyrol-
ysis has attained prominence as a result of accruable
benefits toward environmental pollution and reduction
of carbon footprint of plastic products through the mini-
mization of carbon monoxide and carbon dioxide emis-
sions in comparison with combustion and gasification
[26]. Figure 4 shows a block elucidation of waste plastic
pyrolysis route.

In comparison with combustion and gasification,
pyrolysis of PSW has attained prominence due to its
environmental friendliness, and amelioration of plastic
products carbon footprint through the minimization of
carbon monoxide and carbon dioxide emission. Gen-
erally, plastic plays a vital role in our daily lives due to
its versatility, lightweight, and low cost of production.
Plastics have become essential in many sectors of tech-
nological advancements, such as construction, medical,
engineering applications, automotive, aerospace, and so
on. Moreover, rapid economic growth and development
have increased the quest and dependency on plastics
resulting in its accumulation in landfills thereby posing a
risk on human and animal health, causing environmental
pollution challenges including contamination of ground-
water, sanitary-based challenges, and so on. Therefore,
a sustainable and effective plastic waste treatment is
vital to eliminating these challenges. The main param-
eters elucidated in this paper include emerging trends
in catalysts, varying reactors, temperatures effects, res-
idence-time, pressure, fluidizing gas types, and so on.
Additionally, several viewpoints to optimize the liquid
oil production for each plastic are also discussed in this
paper. Thus, the incumbent paper presents state of the
act in plastic thermolysis to liquid fuel and emerging
trends in plastics recycling processes.

& R

Waste Final
Plastics Fuel
Fuel
Reactor Purifier
Condenser |jm Fuel
Ullit Tank

Fig. 4 Block elucidation of waste plastic pyrolysis

2 Re-utilization, sorting, and initial
recycling

2.1 Advantages of re-utilizing and major sorting
methods

Nowadays, multiple trip plastics have become a widely
acceptable choice resulting in alleviation of PSW in the
MSW end-stream. The re-utilization of plastic is more
acceptable when compared with recycling because of
the use of less energy and resources. Though, plastics
are used in several applications daily, some plastic prod-
ucts end up in the waste stream after a cycle or after a
brief period after purchasing. Plastics re-utilization has
some benefits including (i) fossil fuels conservation.
This is because plastics production uses about 4-8% of
global oil production, composed of 4% feedstock dur-
ing conversion; (ii) energy reduction and MSW, and (iii)
release of CO,, NOx, and SO, [27]. Several methods have
undergone development for the separation and sorting
of PSW [28]. In the UK, recyclable and returnable plastic
crates used in transport and other purposes have quad-
rupled from 1992 (8.5 million tonnes) to 2002 (35.8 mil-
lion tonnes) [29].

Sorting and identification must rapidly be conducted
in a short period of time during recycling, so as to posi-
tively affect the recycler’s financial base. For a success-
ful recycling procedure, there must be rapid and correct
identification of the main plastic contained in a specific
product, followed by some form of manual or automated
process. With regards to sorting of plastics, automated
methods do occur though not always feasible because
of variation in shape and sizes, or the presence of paint
and coating which delays the route of analysis, and so
on. In order to improve efficiency of density sorting,
hydrocyclones are usually utilized [30]. Hydrocyclones
improve the wettability of the materials while using cen-
trifugal force. A feasible technique of sorting PSW is by
tribo-electric separation, distinguished by rubbing two
resins on each other. Tribo-electric separating device dif-
ferentiates materials based on surface-charge transfer
method [31]. When materials undergo rubbing against
one another, one material becomes positively charged,
while the other becomes negatively charged or main-
tains neutrality. In this cylindrical rotating drum, parti-
cles maintain as a mixture contacting one another while
allowing charging. Here, materials exhibiting particle
sizes in range of 2-4 mm demonstrated highest purity
and recovery in the tribo-electric procedure [32].

Another technique used in separating PSW includes
speed accelerating device developed by Result-
Technology AG (Switzerland). This method utilizes a
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higher-speeding accelerating device in delaminating
shredded waste, while the delaminated material under-
goes separation via air separator, sieving tools, and elec-
trostatic devices. Despite the effectiveness or efficiency
of a recycling system, the most vital step in the recycling
procedure is sorting or separation. A major challenge
encountered by the recycling entrepreneur is paint
elimination from plastics due to potential of compromis-
ing properties of recycled plastics because of the stress
concentration resulting from the coating substrates
[33]. MBA-Polymers-Inc. has established a technological
mechanism capable of separating virgin resin contain-
ing FRs using XRF spectroscopic technique in identify-
ing varying types of FRs. Various techniques are utilized
in paint removal from plastics prior to recycling. These
techniques include grinding, grinding-cryogenic, abra-
sion, and solvent stripping [34].

3 Integrated solid waste management

There exist stiff challenges in the treatment and disposal
of PSW [35]. The total cost of waste management includes
cost of solid waste collection and transportation to the
treatment site or landfills. And since careful transporta-
tion of waste makes for better and secured health and
hygiene, then no cost is spared to secure safe transport
of the waste to the proper facilities. Unless scientifically
managed, landfill sites have affinity to contaminate the
soil and groundwater while waste incineration has dem-
onstrated challenges to do with odor, and air pollution,
and may not be feasible because of the intrinsic attrib-
utes of the waste material. Moreover, the aims of waste

Fig.5 Activities of integrated

management
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management policies include waste quantity and toxicity
alleviation. Figure 5 is a summary of activities of integrated
management.

Generally, waste is ascribed minimal or nil value. How-
ever, waste can be attributed as a material lacking its main
economic value while exhibiting intrinsic secondary value.
The reduction in waste and its efficient treatment is very
challenging in the area of sustainable environment. Vari-
ous types of wastes emanate from different sectors, due to
continual technological advancements in the processing
industries. Therefore, it is anticipated that wastes attrib-
utes are also variable [36]. It is imperative to note that
conventional waste issues can be ameliorated through
reduction in wastes accumulation, in addition to product
substitution, waste recovery, and recycling. Waste accumu-
lation exerts a notable influence on waste management.
Thus, waste materials influence potential precautionary
parameters, and measures to avert, in addition to impor-
tant administrative procedures as regards its transporta-
tion, exportation, processing, sale, and re-utilization [371].
The waste hierarchy elucidates some steps taken in the
reduction and management of waste as schematically
illustrated in Fig. 6.

Here, prevention of waste is accorded the best alternative
in waste management and expressed as combinations of
source minimizations in addition to materials re-utilization.
Thus, the percentage of product to be thrown away after use
is reduced while the motivation to reuse a specific product
in varying applications is increased. Hence, product efficient
designing, manufacturing, and packaging with decreased
content of volume and toxicity can result in effective attain-
ment of source minimization thereby enabling improve-
ment in prolonging shelf life of the particular product. Thus,
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facilities
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waste
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Fig.6 Schematic representation of waste management hierarchy

product reuse follows source minimization in the hierarchy
of waste management and elucidated as a waste minimiza-
tion strategy that encourages consistent re-utilization of a
particular product for varying purposes devoid of the occur-
rences of any physical variation.

Product re-utilization, when feasible, is a preferred alter-
native to recycling because the product does not undergo
any form of reprocessing prior to its utilization. Post-waste
prevention, materials recovery for recycling and compost-
ing is attributed high importance. Re-utilization varies
from recycling or remanufacturing because it elucidates
the utilization of accrued waste materials with poten-
tials of being used as raw material for a novel compound.
Hence, it presents opportunity of reclaiming resources
that are valuable and capable of minimizing the amount
of waste transferred to landfills [38]. Thus, relative to the
polymer characteristics, it may or not undergo recycling.
However, the process of recycling plastics poses some
technological challenges relative to high contamination
propensity which requires special attention. Thus, insight
into important processes of minimization, re-utilization or
reuse, and recycling is extremely relevant to the sustain-
able development idea. As a result of potentials of contra-
dicting the precepts of environmentally friendly waste pre-
vention, the parameters including incineration, resource
recovery, and land filling are less preferred alternatives in
the hierarchy of waste management [39].

4 Municipal solid waste management
Solid wastes apart from toxic and radioactive materials are

considered as MSW and are mainly composed of all solid
and semi-solid materials thrown away by society. Notably,
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Fig. 7 Typical composition of MSW

waste is a necessary societal product. Figure 7 illustrates
typical composition of MSW while Fig. 8 summarizes activi-
ties of MSW management.

In general, MPW are usually categorized as part of MSW
because of their mode of discarding and subsequent col-
lection as household wastes. Numerous plastic sources of
MSW includes domestic wastes such as (food packaging
containers and foams, disposable cups, plates, and cutler-
ies, CD and cassette cases, fridge liners, vending cups, elec-
tronic equipment cases, drainage pipes, carbonated drinks
bottles, plumbing pipes and guttering, flooring [40]. Oth-
ers include cushioning-foams, thermal insulation foams,
surface coatings, and so on. Agricultural waste includes
mulch films, feed bags, fertilizer bags, coverings for hay,
silage, and so on, wire and cable, automobile wreckages,

Recycle
& Use

Disposal

Fig.8 MSW management activities
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and so on. Hence, plastic wastes collected under the aus-
pices of MSW are major components of PP, PE, PS, PVC, PET,
and so on [41]. Though all accruable solid wastes emanat-
ing from sources such as commercial, residential, indus-
trial, and institutional sources may be regarded as MSW,
they do not include waste production from construction
sites, automobile wreckages, municipal sludges, combus-
tion ashes, and industrial-based waste not considering
these wastes are also disposable to municipal landfills.

As a significant component of WEEE, waste emanating
from computer is attracting great attention because of its
great generation and susceptibility to environmental chal-
lenges [42]. The complicated and varying material compo-
sition in the computer places them ideally for recycling.
On the other hand, abundance of hazardous constituents
including fire retardants and heavy-metals creates hurdles
during recycling process [43]. A large quantity of computer
wastes undergoes either landfilling or incineration result-
ing in chemicals leaching and the release of hazardous
gases, respectively. Research opines that methodological
separation and recycling of computer waste parts is more
economic in comparison to landfilling and incineration.
Hence, conventional petroleum resources can undergo
conservation by recycling waste materials resulting in
sustainable formation of new products [44].

Nowadays, as a result of consensus improvement in
environmental conservation, the techniques used for
waste management have become highly sophisticated.
Continual variations in wastes classes instigate environ-
mental conservation interests while also stimulating the
necessity for recovery of resources [45]. In recent times,
scientific landfills have taken over open dumps, while
incinerating techniques have remarkedly improved with
improved energy efficient and pollution controlling
devices. Also, waste recycling has also become economi-
cally more viable. Severally processes are connected in a
bid to estimate MSW quantities capable of being gener-
ated in a community [46]. Such processes include input
evaluation, secondary data evaluation, and output anal-
ysis. Here, output analysis which directly measures the
quantity of MSW by weighting waste products discarded
at a dump sites which is more preferable because of poten-
tials of direct quantification [47].

A significant increase in plastics percentage in MSW has
been noted [48]. Plastics wastes amounted about 20% of
the total volume and 8% of overall weight of MSW in USA
during 2000 with significant increment to about 11.7%
by 2006 (EPA) 2006 reports and about 15-25% in Europe
(2004) [49]. In 2015, USEPA revealed modes of municipal
plastic wastes management from 1960 to 2015 as illus-
trated in Fig. 9.

Plastics have rapidly grown more than man-made mate-
rials and have posed environmental challenges. However,
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escalating global awareness, especially with regards their
shelf life is not noted. Nevertheless, through identification
and synthesizing distributed data on production, appli-
cation, and end-of-life management of polymer resins,
synthetic fibers, and additives, the first global analysis
of overall mass manufactured plastics have been pre-
sented. Estimatedly, about 8300 million metric tons (Mt)
as of pristine plastics have been produced presently. Also,
approximately 6300 Mt of plastic waste had undergone
generation, and about 9% of these had undergone recy-
cling, 12% has been incinerated, and 79% has undergone
accumulation in landfills or in the environment. If the pre-
sent manufacturing rate and waste management trends
continue, it is estimated that 12,000 Mt of wastes plastics
will be released in the landfills or in the natural environ-
ment by 2050 [50].

Prior to 1980, plastic recycling and incineration were
insignificant. Nowadays, mostly non-fiber plastics had
undergone significant recycling. Thus, globally for non-
fiber plastics, the rates of recycling and incineration
have gradually increased and accounted for 18 and 24%,
respectively, of non-fiber plastic wastes generated by
2014. Based on limited data available, the highest rates
of recycling in 2014 persisted in Europe (30%) and China
(25%), while in the USA, plastic recycling has remained
consistent at 9% since 2012 [50]. In Europe and China,
the rates of incineration rates escalated with time to
attain 40 and 30%, respectively, in 2014 [50]. However,
in the USA, non-fiber-plastics incineration peaked at
21% in 1995 before reducing to 16% in 2014 as rates of
recycling increased, with rate of discarding remaining
consistent at 75% during the period [50]. It is estimated
that if the rate of production continued on this trend,
man will have produced 26,000 Mt of resins, 6000 Mt of
PP and A-fibers, and 2000 Mt of additives toward end-
ing of 2050. With assumption of constant use patterns
and projecting present global waste management trends
to 2050, 9000 Mt of plastic waste will have undergone
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recycling, 12,000 Mt incinerated, and 12,000 Mt under-
going discarding in landfills or in the environment [50].

In a bid to facilitate recycling of municipal wastes plas-
tic, plastics segregation from other household wastes
is essential. For mixed plastics, mechanical separation
equipment is presently utilized. For instant, through the
utilization of wet separation procedure, mixed plastics
can undergo separation into two groups: those possess-
ing density higher than water such as PS and PVC, and
possessing density less than water such as PE, PP, and
expanded PS. Thus, the latter group is larger than the
initial group. Thus, municipal plastic wastes recycling
deal with plastic mixtures of PE, PP, and PS, as long as
the aforementioned separation procedures are used [51].

5 Application of IWM for MSW management

The concept of IWM inherently incorporates feasible
waste management schemes inconjunction with waste
stream, collecting, treating, and disposing techniques.
The main aim is to attain environmental advantages,
economic optimization, and societal acceptance. IWM
efficiently minimizes solid waste quantity through
recycling, incineration, composting, or discarding of
waste-residue via scientific route [52]. Waste manage-
ment cannot be dealt successfully in an environmentally
sustainable route with economic efficiency by a single
technique. It involves a combination of numerous closely
interrelated and integrated processes.

Ab initio, solid waste management techniques
were developed to eliminate dangerous health effects
inflicted by increasing levels of waste generated within a
given society. Previously, the management of solid waste
generally involves collecting, land disposing, and incin-
erating of household waste. Industrial waste discarding
did not arouse much interest. However, consuming less
exhibits numerous advantages such as saving the wastes
which would have terminated in the municipal waste
stream, while also minimizing the energy, materials, and
waste linked with providing these items [53]. Hence, the
objective of sustainable solid waste management should
include recovering more viable products from waste
stream while using less energy and simultaneously cre-
ating more conducive environmental influence relative
to human health and safety. The IWM concept utilized
at communal levels mainly consists of the following
five steps: waste characterization and identification of
source; effective and scientific waste collection; waste
volume and toxicity reduction; selection of suitable
technologies with regard to varying waste characteris-
tics [54].

5.1 Utilization of IWM fundaments and source
reduction in plastic waste management

Waste regression, waste alleviation, or source reduction
are regularly positioned at the apex of conventional waste
treatment process pyramid [55]. Source minimization is
a form of waste management concept attained through
the design and manufacture of products and packag-
ing with reduced quantity and toxicity in order to enable
prolongment of the product shelf life. With regards to the
consumer or consuming household, source reduction
implies minimized consumption and reduced throwing
away [54]. Source alleviation implies technological varia-
tion, raw material, process design, packaging, and materi-
als or products utilization in routes aimed at minimizing
wastages or toxicity prior to final disposal. Source reduc-
tion initiates efficiency at improved waste management
and involves material reuse, which presents a superior
management process due to reduction in cost of waste
management.

6 Plastics waste recycling

Recycling involves the combination of varying technolo-
gies on plastics waste in order to facilitate production
of secondary raw materials. Almost, all waste materials
present in MSW can undergo the process of recycling
with varying degrees of proficiency. However, important
parameters include environmentally friendliness, techni-
cal feasibility, and economic profitability. High priority is
accorded recovery of secondary raw materials via recycling
and composting after source reduction and reuse in the
hierarchy of solid waste management [55].

As already mentioned, plastics are categorized into
two major categories, namely thermoplastics and ther-
mosetting plastics. Approximately, 80% of plastics wastes
are thermoplastics which undergo repeated formation
to novel products via heat application. These recyclable
thermoplastics include polyolefins such as polyethylene
terepthalate (PET), LDPE, HDPE, or PP. Polyolefin plastics
are globally utilized in applications such as carbonated
drink bottles, clear-films used in packaging such as PET
containers, LDPE pipes, milk and water bottles, house-
wares, industrial wrappings and HDPE films, automo-
tive parts, battery casing, drinking straws, and electrical
components. Addition polymers such as PE are not easily
recycled using simple chemical techniques unlike conden-
sation polymers [56]. A general schematic elucidation of
varying polyolefin recycling routes is shown in Fig. 10.

Hence, thermochemical recycling techniques (pyrolysis)
are utilized in production of varying refined petrochemi-
cal products similar to gasoline. A schematic illustration
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Fig. 10 Varying routes of recycling wastes polyolefins

of thermochemical recycling techniques is elucidated in
Fig. 11.

Plastic recycling includes both chemical recycling
(pyrolysis) and incineration. The varying routes proposed
for waste plastics recycling include: primary and mechani-
cal recycling. Primary recycling involves the in-plant waste
recycling of scrap materials. Mechanical recycling involves
separating plastics from its attendant contaminants and
further processing via melting, shredding, or other similar
procedures. Plastics mechanical recycling involves separat-
ing various plastic resins in accordance with their chemical
orientation. As a result of varying melting points occur-
ring at specific temperatures, a batch of plastic resins may

Fig. 11 Thermochemical recy-
cling techniques

change entirely while another batch may exhibit partial
variation.

Hence, mechanical plastics wastes recycling is mainly
conducted using a single-polymer waste stream so as to
attain optimum efficiency and homogenous mechanical
attributes for produced goods [57]. Mechanical recycling
majorly occurs at about 200-300 °C resulting in emission
of toxic gases. Another notable form of recycling plastic is
chemical recycling or feedstock recycling, which ultimately
results in complete or partial plastics depolymerization.
Chemical or feedstock recycling also involves hydrogena-
tion, pyrolysis and gasification as illustrated in Fig. 12.

Any of these techniques can be used for plastics recy-
cling depending on the requirements of secondary materi-
als and availability of technology, in addition to economic
viability. Chemical recycling involves full depolymerization
of associated monomers or partial deterioration in order
to produce secondary commercial products.

Pyrolysis is a significant alternative chemical recycling
procedure. As a result of thermal instability of organic
compounds, pyrolysis occurring in a zero oxygen condi-
tion results in combination of thermal cracking and con-
densation reactions which finally result in generation of
numerous liquids, gaseous and solids fractions.

Pyrolysis is regularly referred as destructive distil-
lation, an endothermic route in contradiction to most
combustion procedures which are exothermic in nature.
The major compounds generated via pyrolysis are func-
tions of the organic attributes of the compounds which
mainly consist of a gas stream composed of carbon
dioxide, hydrogen, carbon monoxide, and methane, in
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addition to a liquid fraction consisting of tar-oil stream
composed mainly of acetic-acid, acetone, and metha-
nol and a char composed of almost purified carbon in
conjunction with some inert materials. The effectual
pyrolysis temperature for waste plastic-streams varies
from 400 to 650 °C or even higher. However, the proce-
dures are mainly fractioned into three categories includ-
ing low, medium, and high temperature depending on
the appropriate temperature for full or partial plastics
deterioration.

The chemical recycling of plastics wastes depends
mainly on feeding plastics, feed rate, effectual tempera-
ture, time of residence, and on reactor efficiency [58].
However, attainment of liquid compound occurs more
at lower temperatures in comparison with gaseous com-
pounds occurring at higher temperatures. However, a
study reported the generation of catalysts, oil and gase-
ous fractions from the chemical recycling of HDPE, LDPE,
and PP. The gaseous and oil fractions generated exhibit
prospects of being reused as feedstock in the petro-
chemical industries.

Chemical recycling has been established as effi-
cient route for production of fuel such as gasoline. The
chemical recycling of PE and PP at low temperatures
(400-500 °C), results in generation of high-calorific
value gases, and waxes, in conjunction with admixture
of hydrocarbons. The gaseous by-products produced
exhibit high calorific value with potentials of been reu-
tilized as feedstock and liquid fractions composed of lin-
ear olefinic and paraffinic mixtures. At elevated tempera-
ture beyond 700 °C, PP and PE release olefinic mixture
exhibiting prospects of being reused in the production
of corresponding polyolefins. However, HDPE and LDPE
thermal cracking are relatively difficult due to their poor
heat dissipation properties [59].

7 Incineration of plastic waste

An efficient route of reducing solid waste is though burning
in an appropriately designed and operation condition via
the incineration process [60]. Usually, during incineration,
combusted residue chemically combines with molecular
oxygen to facilitate generation of CO, and H,0O, while the
residue generates metallic oxides and minerals.

The main benefits of municipal incinerator include the
need for less land and effective utilization in energy amass-
ing. Despite this awareness, waste incineration expresses
accruable benefits such as volume minimization, rapid dis-
posal devoid of slow biodegradation, minimized require-
ment for land, destruction of toxic wastes, and wastes value
addition, and electricity generation [61].

7.1 MSW incineration: comparison of technologies

Numerous techniques are available for MSW incineration
based on conversion-plant and potential inclusion of waste
pretreatment units. Incinerating for energy recovery is typi-
cally conducted via two procedures [62]. Acquired MSW
may directly be utilized for mass-combustion incineration
or preprocessing for production of a more homogenous
product known as RDF [63] This is composed of combus-
tible MSW which is generally produced via shredding and
sorting of relatively uniform portion of MSW. Going from the
perspective of energy generation, MSW incineration via RDF-
gasification exhibits optimal efficiency, though with several
environmental disadvantages and side effects. In a bid to
attain environmental sustainability, a specified incinerator
haven air pollution control implements enables optimal
results [64].

However, with regards to economic profitability, gasifica-
tion accrues highest revenues from energy sales. The choice
of an appropriate route for an MSW incinerating mechanism
is function of the size of the facility under consideration. Sev-
eral studies have utilized natural fiber wastes as reinforce-
ment in fabrication of polymer nanocomposites [65-77]. The
gasification process portrays suitable electrical conversion
efficiency while exhibiting higher operation costs. A report
has concluded that gasification is superior to the conven-
tional process of combustion. A higher degree of electricity
is generated by gasification resulting in lowered total costs
in addition to minimized CO, emissions.

8 Conclusion
As regards existing statistics, there is continual increase in

plastics consumption as a result of its wide scope of appli-
cations, resulting in increased plastics waste. However, the
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large quantity of plastic wastes released may undergo
treatment with properly designed techniques to enable
production of alternatives to fossil fuel. The technique
should demonstrate superiority in all aspects especially
ecologically and economically. The escalating amount of
MSW poses a great challenge as regards monitoring and
control, in order to alleviate their environmental effects.
Conventional waste management techniques such as
burning and landfilling exhibit a severe impact to the envi-
ronment and humanity. Novel techniques capable of con-
verting waste to valuable products and energy are consoli-
dating as established routes of waste management. These
techniques include both biological and thermochemical
conversions, and researches have been carried out in pre-
vious decades resulting in enhanced energy and products
yield in addition to reduced impact on the environment.
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