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Abstract: Over the years, the world was not paying strict attention to the impact of rapid growth
in plastic use. This has led to unprecedented amounts of mixed types of plastic waste entering the
environment unmanaged. Packaging plastics account for half of the global total plastic waste. This
paper seeks to give an overview of the use, disposal, and regulation of food packaging plastics.
Demand for food packaging is on the rise as a result of increasing global demand for food due to
population growth. Most of the food packaging are used on-the-go and are single use plastics that
are disposed of within a short space of time. The bulk of this plastic waste has found its way into
the environment contaminating land, water and the food chain. The food industry is encouraged to
reduce, reuse and recycle packaging materials. A wholistic approach to waste management will need
to involve all stakeholders working to achieve a circular economy. A robust approach to prevent
pollution today rather than handling the waste in the future should be adopted especially in Africa
where there is high population growth.

Keywords: food packaging; single-use plastics; plastic disposal; plastic waste management

1. Introduction

Food packaging has evolved to be a key aspect to successful food industries serving
fast foods, ready meals, on-the-go beverages and snacks among others [1]. In 2019, there
was an estimated 7.7 billion people in the world and by 2050, this figure is expected to
reach 9.7 billion [2] with food supplies needed globally projected to increase by 50% [3].
This growth in global population is driving increased demand for food production and
consequently the increase in food packaging materials usage. Food packaging serves to
safeguard food from external factors grouped into physical, chemical and biological [4,5].
Since ancient times, humans have found benefit from the use of polymers. Plastics have
emerged as the most versatile polymer material successfully integrating into our daily
lives [6-11]. The term plastic was derived from “plasticus” a Latin word derived from
“plastikos” a Greek term that was used early in the 17th century for describing something
able to be moulded or fit for moulding [12]. They have unique properties, high functionality
and relatively low cost and different types have been used in different forms for various
applications including food packaging [13-16]. Plastics possess high strength to weigh
ratio. This results in minimal material usage when making packaging containers with the
packaging material accounting for up to 3% of the packaged product weight [17]. From
the global plastic waste, packaging is the biggest contributor accountable for almost 50%
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of the total weight [18]. High income countries have generated more plastic waste per
capita as compared to middle and low-income countries as consumers have more spending
power thus can purchase a variety of plastic packaged products. However, with the advent
of plastic waste management systems, the mismanaged plastic waste from developed
countries is beginning to be on the decline. This has left middle and low-income countries
becoming the main sources of global plastic pollution as there are poor or no plastic
waste management systems resulting in up to 90% of plastic waste being inadequately
disposed [19].

The 1940s witnessed the beginning of production of plastics on an industrial scale,
and ever since then plastic waste generation has increased [20]. The challenge of rising
amounts of plastic waste was first realised in the 1970s as a result of growing consumption.
Particularly in fast food industry which easily provides food products timeously. There
are many fast food outlets in the world today and as a result, waste amounts from this
industry are increasing. Most of the waste from this industry was traditionally thrown
away in landfills and the majority of this solid waste produced is packaging waste [21].
After plastic packaging materials have served their purpose, the bulk of them are disposed
and become post-consumer waste [22,23]. This waste can find its way into recycling plants,
incinerating plants, landfills or the environment [20]. In landfills and the environment
these discarded plastics may persevere for very extensive periods of time determined by
the composition of the plastic and the environment type and conditions in which they are
disposed. Plastics present a wide range of problems when they enter the environment.
They may clog sewers, provide breeding ground for mosquitoes and disease-causing pests,
get ingested, choke and/or entangle animals, leak toxic materials, and find their way into
the human food chain [18].

Sustainable development emerged so that there can be preservation of resources
available in the present day to ensure that the same benefit and opportunities are available
for exploitation in the future. This sustainability concept has brought about the need
to avoid and/or diminish waste amounts, popularise the reuse concept, and incentivise
recycling of products at their end of life [24]. Traditional food plastic packaging solutions
are generally based on linear economies [25] and as such their continued use will lead to the
depletion of nonrenewable resources, emission of greenhouses gases during manufacture
and transportation, and as well as the generation of solid waste. The food industry is
characterised by the reliance on using single use plastic packaging in high volumes. As a
result, there is dire need of design and use of sustainable packaging solutions, as well as
packaging waste disposal management.

It is worth noting that many reviews have discussed the challenges presented by the
use of plastics. This current work seeks to present a detailed summary of consolidated key
aspects of food packaging plastic waste management beginning from the production of
plastics, their usage and disposal, and focuses on the reduce, reuse, and recycle concepts to
achieve a circular economy. It also presents an update on the plastic waste management
situation in Africa, a continent feared to contribute more plastic food packaging waste in
the future.

2. Packaging

In the modern world, packaging of goods is essential from their inception, through
their processing and handling right up to the end of their lifecycle. In developed countries,
packaging accounts for about 2% of the gross national product and the majority of pack-
aging materials is used in the food industry [26]. In the year 2000, the global packaging
market was at USD 383 billion and is expected to reach USD 980 billion in 2020 [27]. Ma-
terials used in packaging serve to preserve, protect, merchandise, market and distribute
foods in a cost effective manner to the satisfaction of industry and consumers as well as
minimise negative impact on the environment [28,29].

Packaging solutions are a product of years of design improvements where some
developments were by unintended luck. In the early years, humans would consume food
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at the source and the societies were self-sufficient and only made or caught what they used
and thus materials for packaging were not needed [30]. When the need for packaging
came, nature provided the first materials to be used for packaging in the form of hollowed
logs, woven grasses and animal organs [30,31]. Newer materials with unique shapes were
used for specific needs as civilisation developed, these materials included ceramics, glass,
metal and paper [31]. Packaging materials can be either rigid or flexible. Rigid packaging
includes bottles, jars, cans and tins, whilst flexible packaging includes plastic films, papers,
foil, cloth and sacks.

2.1. Types of Packaging
There are three types of packaging namely primary, secondary and tertiary [29,32-35];

1.  Primary packaging is one that is in direct contact with products and will be handled
by the consumer.

2. Secondary packaging groups individual units (primary packages) together for trans-
portation and can be designed to be shelf-ready where it can display primary packag-
ing for advertisement in retail outlets.

3.  Tertiary packaging is for storage and handling of the secondary packaged products.

2.2. Plastic Packaging

The packaging industry requires materials that are lightweight so as to reduce the
amount used to package a product, thus reducing product weight for transportation cost
savings as well as reducing amount of end of life packaging waste material. Plastics have
managed to fulfil this role very well and have remained unchallenged. As an example, one
study by Marsh [36] revealed that the replacement of glass bottles with plastic bottles for
beverage packaging in airlines resulted in savings of over USD 1 million in fuel costs as a
result of the weight loss.

Fossil fuels are the main raw material used in the manufacture of plastics and in 2009
it was reported that up to 8% of world oil is channelled towards their production with
50% of it serving as feedstock and the other 50% as fuel for the conversion process [6,17].
In 2019, 10 years later, 10% of global oil production was used for plastic production with
40% of it dedicated to making single use plastics [37]. The annual growth of plastics
consumption shows that the estimated global plastic consumption by 2050 will be standing
at 500 million tonnes of which single use products will be the major consumer [38,39]. The
most used polymers for packaging are thermoplastic accounting for 84% of the plastic
market share [36,40]. The following Table 1 shows some uses of thermoplastics in packaging
of food.

Petroleum based polymers which include polypropylene (PP), polystyrene (PS),
polyvinylchloride (PVC), polyethylene (PE) and polyethylene terephthalate (PET) have
been used extensively for packaging as a result of their light weight, good mechanical
performance, good barrier properties among many other properties [41-43]. Many of these
end up in landfills where they take centuries before they degrade [44]. They are responsible
for a great amount of environmental pollution as they are nonbiodegradable [40,45].

The packaging industry has begun using recyclable plastics in their designs as a means
of reducing waste disposed into the environment. However, recyclers must maintain
contaminants in the reformed plastic to sufficiently low levels acceptable for intended
use of the resulting packaging [31]. This has proved difficult, time consuming and costly
since the collected plastic waste consists of different plastic types that have to be sorted
and separated. After which, the plastic wastes may have to be washed clean to remove
the different contaminate residues from products they were packaging [22]. Additionally,
plastic additives such as the popular phthalates have been shown to be persistent in
recycled plastic and continue posing health problems as they have low molecular weight
and can easily migrate from plastics into packaged food or water [46].
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Table 1. Food packaging application from thermoplastics. Adapted from [41].

Thermoplastic Material Abbreviation Packaging Application
Water /juice/soft drink bottles
Polyethylene Terephthalate PET Food jars

Microwavable containers
Plastic films

Drinking bottles
Polypropylene PP Bottles for milk
Food containers
Plastic bags
Poly vinyl chloride PVC Frozen foods stretch films

Container lid
Take away clamshells
Meat trays
Bottle caps
Straws
Disposal cups
Plates
Spoon
Bread bags
Custom packages
Grocery bags
Water /milk /juice containers
Cereal and snack liners

Polystyrene PS

Low density polyethylene LDPE

High density polyethylene HDPE

3. Food Packaging Waste

There are high amounts of food packaging waste entering the environment causing
pollution. Snack food packaging is one good long term case of a visually irritating example
of environmental pollution [47]. Most food packaging plastics culminate in waste streams
within a short time after purchase especially for single use packaging applications used in
short lived goods [6,15,22,46]. This is as a result of an increase of on-the-go consumption of
food and drinks that is driving the growth of single use plastic packaging [48,49]. In some
locations, the challenge of low availability of bins can lead to increased littering [14]. A
large proportion of food packaging plastics easily end up in open spaces as litter, municipal
waste, landfills and even in oceans, whilst a few can be recycled. This is as a result of
the human throw away culture [50] which is more prevalent in developing countries.
When consumers purchase food on-the-go, after consuming they more often throw away
the packaging at any location where they finished eating or drinking the packaged food.
This culture can also be linked to social trends and individual behaviours which can be
quite complex to deal with. Waste collection systems are seemingly failing to deal with
waste resulting from this culture. Poor waste management systems also compound to this
problem or nonexistence of enforcements or absence of substitute materials [41].

Globally, there are low recycling rates for single-use plastic packaging materials with
only 14% of plastic packaging being collected for recycling and only 5% of it being suc-
cessfully recycled into new plastic [51,52]. The common single-use plastic packaging
waste materials polluting the environment in order of quantity include drinking bottles,
bottle caps, food wrappers, grocery bags, lids, straws, stirrers and foam take away con-
tainers [18,53]. The food industry is encouraged to adopt the reduce, reuse and recycle
waste control options rather than adopt the easy direct disposal method. This waste that
is disposed in landfills results in methane gas creation, a greenhouse gas that surpasses
carbon dioxide by more than 2000% in causing global warming [54].

Global plastic waste generated in 2015 had packaging contributing about 50% [18].
This figure has remained high with food packaging estimated to be more than a third of the
world total packaging market [55]. A 12% annual growth is being experienced by the food
packaging industry raising more environmental concerns including greenhouse gases and
greater carbon footprints [56]. Annually, Europe alone produces 23 million tonnes of plastic
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packaging and current projections will see 92 million tonnes by the year 2050 [3]. The
European union has championed amendments to directives of packaging waste to demand
that 75% of it be recycled by the year 2030. A comparative lifecycle study to investigate
the extent of recycling that can yield favourable impacts on the environment has been
done [57]. Results showed that recycling can greatly reduce environmental burdens posed
by food packaging waste. Therefore, to deal with food packaging waste, there is need
for integrated waste management schemes that can sustainably control waste generation
without compromising the needs of the society and those of the environment.

4. Plastic Waste Disposal

After their use, products made from plastic can be disposed, recycled or incinerated.
Up to 1980, almost all of plastic waste was discarded as recycling and incineration were
negligible [19]. Incineration as a method for plastic waste management started growing
from 1980 and in 1990 recycling started to be appreciated as well. In 2015, approximately
6300 million tonnes of cumulative plastic waste had been generated and about 9% was
recycled, 12% was incinerated, and 79% was accumulated in landfills or in the natural
environment [20]. From these three routes of plastic waste disposal, incineration was
the only permanent route of eliminating the waste and this thermal treatment involves
combustion.

Most synthetic plastics that are disposed in nature have a very unreasonably slow
degradation process that takes long periods spanning hundreds to thousands of
years [18,54,58-60]. When plastics are thrown away by consumers, some are blown off
by wind to cover more area and some are washed away by rains to even find their way
into water bodies. Plastics are one of the biggest pollutants of oceans [10,61-65]. Living
creatures like sea animals, birds and livestock have even been affected by the plastic waste
that is being dumped in water bodies and on land. Figure 1 displays the cumulative plastic
waste generated and disposal.
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Figure 1. Generation and discarding of plastic waste [20] (Available online: https:/ /creativecommons.org/licenses/by-nc/
4.0/ (accessed on 25 November 2020)).

The solid lines show historical data from 1950 to 2015 whilst dashed lines show
projections up to the year 2050 based on historical trends. Following these projections,
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environmental pollution with plastic waste is set to rise to alarming levels. Pollution from
plastics is a global challenge requiring a complete paradigm shift on how to produce, use
and dispose of plastics [66].

5. Management of Food Packaging Plastic Waste

Packaging plastics have a short lifecycle ranging from a day up to 3 years [67,68].
Examples of 1 day lifespan include disposable cups, plates and take away containers which
can be referred to as single-use plastics. Several strategies from plastic ban, taxes, extended
producer responsibility to recycling have been used in the management of plastic packaging
waste. Given the fact that a dramatic amount of plastic packaging is still in use to date,
recycling is a very important method that can contribute positively to the alleviation of
plastic packaging waste pollution. Collecting, sorting and processing are the three main
steps of the food packaging recycling process carried out under strict monitoring to prevent
contamination [69,70].

In the attempt to recycle plastics, chemicals added during plastic production including
the finishes like dyes for printing and coatings present unique challenges [6,51]. In addition,
recycling of food packaging plastics also requires the waste plastics to be clean from food
contaminants as well as desorption is required of any food substances that may have found
a way into the packaging polymers. Plastic recycling processes are largely focused on
primary and secondary recycling methods thereby calling for growth in adoption of other
recycling processes to improve the recycling capacity and efficiency [71]. It is worth noting
that as the plastic waste is continually recycled using these methods, it loses its physical and
chemical properties resulting in low quality end products warranting incineration at this
point [41,54,71]. Recycled plastics of good quality would cost 60-70% of the price of virgin
plastic but this value drops as properties are compromised from repeated recycling [72].

The food and drug administration (FDA) has noted with concern the recycling of
plastics for food contact packaging [1,73]. As such, these primary packaging plastics
may be best incinerated or chemically recycled. Secondary and tertiary packaging have
less material variation and thus are easily sorted for recycling or reuse unlike primary
packaging that is assorted, contaminated and habitually damaged and hence presents
problems in sorting, recycling and reuse [8,25,74].

In comparison, developed countries generally have better plastic management policies,
for example in Europe, recycling and energy recovery rates have increased over the past
decade resulting in reduction of landfilling [22]. The packaging sector in Canada has the
highest plastic waste recovery rate [67]. Whilst developing countries do not have waste
infrastructure to cope with the rising plastic waste [51].

The fate of global plastic packaging materials is depicted in Figure 2 which shows that
most of the packaging waste ends up in the environment. This high amount of unrecycled
plastic packaging is a cause for concern. The impacts can be reduced by sustainable waste
management systems that recover materials and energy [55].
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Figure 2. The fate of plastic packaging materials. Data from [51,75].

5.1. Collecting and Sorting

In recycling of plastics, the first and most important steps are collection and sorting.
Plastic waste is generally collected through “bring schemes” and kerbside collection [68].
Sorting involves the selection of waste which is suitable for recycling using manual or
automated means. This can be done at the source of the waste and by using separate
collection systems or at facilities by mechanical processing and sorting of mixed waste [76].
It is reported that the recycling industry is operating at 40% capacity due to lack of differ-
entiated collection and separation at source that affects the raw material supply [67]. Thus,
packaging sorting plants have a crucial role in waste management and material recovery
systems [76]. There are several techniques that can be applied to separate and sort plastic
solid waste and these should be applied in the most efficient way during a short period of
time so as to be cost effective [6,77]. Different machines including near-infrared (NIR) sort-
ing machine can be used in new plants together with colour or induction sensors [76]. More
techniques can employed for sorting that include laser-induced breakdown spectroscopy;,
triboelectric separation, X-ray fluorescence, Fourier transformed infrared technique and
froth flotation method [11,54]. Another upcoming promising technique for monitoring the
separation of plastic waste and process quality information is ultrasound technology [11].

Plastic waste comprising mixed plastic types is difficult to recycle and not cost effec-
tive [17]. Additionally, intensive sorting technologies are not economically attractive [78].
For recycling to be effective, source separation and separate collection of the waste are
the best routes to follow [76,79]. Food packaging waste sorting right from household
waste at source forms a crucial part of waste management systems [55,80]. A study by
Nemat et al. [81] showed that food packaging design possesses the potential to influence
consumer behaviour when making decisions on disposal post use, however current food
packaging is not adequately doing so. Through properly communicating to the consumer,
packaging can convey specific information with regards to separating and sorting of the
packaging post use. Household waste comprises several mixed products of different types,
shapes and colours. Black plastic food packages are not easily detected by sorting machines
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Main polymer

*PET
PP
*PVC
*PS
*LDPE
*HDPE
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—

as a result of the carbon black that makes them invisible [67]. This is because most sorting
technologies for household plastics use NIR [80] and carbon black, the most common black
colourant for plastics, absorbs NIR [70].

The quality of the feedstock material into recycling has a bearing on the suitable
recycling process, efficiency of recycling, quality and application of the resultant product.
Food packaging plastic waste can be characterised using four levels as shown in Figure 3
in order to determine the recycling route. Visual inspection can be done to identify the
product type. Polymer identification and food contact labelling can be useful tools to
separate the wastes. Technologies can also be utilised to identify the polymers so as to
separate the wastes. The different sorting methods have been widely used and are now
being investigated for optimisation [71]. State of the art sorting technologies have proved
capable to process mixed waste of sizes as small as 2 mm [11].

Polymer design
and separability

Product type

*Food eSingle polymer *Other colours
packaging *Multiple *Black
*Non-food polymers -
packaging Seperable
eNon-packaging *Multi polymers
-Non-seperable
— — —

Figure 3. Four levels of plastic waste characterization for recycling. Data from [80].

Germany is developing a tracer-based sorting for post-consumer packaging waste [82].
They are employing trivalent lanthanide elements to serve as photoluminescent tracer
materials that have bright emission lines in green, red, and NIR when subjected to electro-
magnetic irradiation. These tracer elements are applied in the part per million application
range directly on the packaging material or in printing inks used on labels. This technology
will outperform current NIR sorting capabilities as it can separate food from nonfood
packaging even if they are all made from the same polymers. This will go a long way in
improving recycling rates. It is important to separate food packaging waste from nonfood
related products as they do not adhere to mandatory requirements expected of packaging
thus can compromise the quality of recycled products [80].

5.2. Reducing Materials

The reduce principle aims at lowering the material quantities used in products and
processes [25]. It is also referred to as downgauging [68]. In food packaging, this translates
to the reduction of the amount of material used to make a package but still maintaining the
optimum function of the packaging. Material reduction principles can result in packaging
products with considerably lower environmental impacts [83]. Packaging reduction should
be carefully carried out not to compromise the overall product system [84]. Coca cola
has managed to reduce the material used in making bottles and is now making use of
redesigned smaller bottles with shorter necks [51]. The target is to eventually make 100%
recyclable packaging by 2025 [78]. In addition, their plastic usage comprises up to 10%
recycled plastics [51] and this figure is projected to rise to 50% in 2030 [78].

In addition, the reduction of use of nonbiodegradable materials and uptake of biobased
biodegradable polymers for food packaging plastic material is a viable option with so
much research interest and potential to yield a sustainable circular economy in food
packaging [33,85-94].
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5.3. Reusing

This involves the use of discarded plastic packaging waste for several more times [95].
Source reduction by lowering demand and consumption of virgin raw materials can be
achieved by reusing packaging material which otherwise would have been disposed [96].
This is the most preferred route as it involves less energy and resources to carry out [6].
Through reuse, waste materials can find a secondary route to obtain value rather than be
disposed [41]. Reusable plastic packaging can also give the benefit of reducing packaging
cost and can be used for primary, secondary and tertiary packaging [97]. The packaging
can be reused as many times as it can retain its functional requirement before it is disposed
or recycled. However, reused plastic packaging may be contaminated from their use as
such, to avoid migration of contaminants to food during reuse packaging may be washed
first [73]. As a result, the reuse principle is not very common for primary packaging [25].

A study by Del Borghi et al. [84] on food crates made from different materials showed
that by using the life cycle assessment (LCA) the multiuse plastic crate had better environ-
mental performance if it was reused many times. The LCA was done according to product
category rules for crates for food using environmental indicators and impact categories that
included global warming potential, cumulative energy demand, human, marine and terres-
trial toxicity. Another study by Popovic et al. [98] developed a reusable X-bin container to
replace wooden crates and single-use packaging. The success of the reuse model in primary
food packaging is largely dependent on consumers as it requires a change in habits [25]. In
real life applications, reusable and disposable packaging both generally present advantages
and disadvantages with regards to environmental emissions, cost and logistics complexity.
Thus, some food packaging application scenarios may require a compromise. A biobjective
model was proposed by Bortolini et al. [99] that can provide a quantitative method to
optimise the forward and reverse logistics of multipackaging of fresh fruits and vegetables.
The model can minimise costs and environmental impacts in the fresh food supply chain
network. A trial of the model in the Emilia-Romagna region in Italy yielded results that
proposed a mix of reusable and disposable packaging containers at a ratio of 47.7% to
52.9%, respectively, so as to achieve optimum results that saw a carbon dioxide emission
saving of 45.1%. However, further research is needed to create models that also consider
the social dimension and effect on the product quality presented by the packaging choices.

5.4. Landfilling

This is the conventional waste management approach [7,100-102]. Studies report
municipal solid waste (MSW) generation would rise from 2.4 billion tonnes in 2018 up to
2.6 by the year 2025 [103]. Plastics form a significant portion of MSW and these plastics
include a considerable amount of packaging waste [54].

Landfilling is the worst waste management strategy [68] although is it considered
indispensable for accommodating nonrecyclable and noncombustible waste [96]. Most
plastics end up in the environment as landfills and this is highly undesirable as they can
follow greener recycling routes. Landfill space is also becoming limited and expensive.
Packaging plastics disposed of into landfills have poor biodegradability and generate
explosive greenhouse gases such as methane [104]. Over the years, legislative pressures
have and still demand that the waste to landfills must be reduced until there is no waste
that is thrown away.

5.5. Re-Extrusion

This is the primary recycling of plastic solid waste which is a closed loop method that
feeds plastic scrap into the extrusion process. This method is often used by industries to
recycle polymer waste from their production process as it is easily identifiable and the
waste is generally uncontaminated [105]. The recovered plastic is made into goods with
similar performance to those from virgin plastics [72]. The recycled plastic is generally
made into a product that serves the same function as the original plastic [11,106]. However,
the quality of the scrap reintroduced has a bearing on the performance of the resulting
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product. The process becomes almost impossible to carry out effectively and efficiently as
it requires clean or semiclean scrap, strict scrap sorting so not to mix different plastics and
this increases the cost of the process and thus compromises its effective application [6,54].

Closed loop recycling primarily depends on the inertness of the polymer and as well
as on the sorption properties and diffusion behaviour of a polymer which will affect the
interaction between the packaging and the product [73]. Clear bottles and milk bottles
from PET and HDPE polymers, respectively, are the primary materials that were first
identified to be recovered [68,107]. However, HDPE is more difficult to clean and is prone
to sorption of contaminants [108]. Clear PET is more widely recycled for reuse in food
contact application as a result of development of super clean grades of PET [109]. The
recycling feed stream usually receives up to 5% of nonfood PET as a result of the collection
systems and in some instances it can go up to 20%, however, it does not pose a risk to the
consumer as was assessed on the basis of Threshold of Toxicological Concern and Cramer
classification tools [110]. Other polymers presenting appropriate properties for reuse in
packaging are polyethylene naphtholate (PEN) and rigid PVC [73].

It is generally a simple process and popular among manufacturers utilising technolo-
gies such as injection moulding [54]. Another downfall of this process is the limit in number
of cycles a material can be processed [73]. Nanoadditives are being looked into to eliminate
the impact recycling has on the physical-mechanical properties of recycled polymers [75].
Many nanoadditives have been investigated including nanocellulose, zinc oxide, titanium
dioxide and silicone dioxide resulting in improvements of the resultant nanocomposites for
food packaging. Additionally, nanoparticle migration is generally below the limit allowed
for food contact material opening up opportunities for increase in uptake of nanomaterials
in producing packaging materials from recycled food packaging plastic waste.

5.6. Mechanical Recycling

Recognized as secondary recycling, also, is a process of reusing plastic waste in plastic
manufacture using mechanical means. It can be carried out successfully when using
single polymer plastics only [6,111]. The recovered plastic makes products with inferior
performance characteristics compared to virgin plastics [68,72]. As such, the recycled
plastics are made into different products from those which the original plastic was used to
make [11,106]. As an example, the primary recovered polymer PET can be processed to
give PET fibres, and HPDE from milk bottles can be converted to make crates and bins [68].
Additionally, PP is another widely used polymer in consumer applications including food
packaging where it has found application in making yogurt containers that can be recycled
to make consumer products like toothbrushes [112].

The steps involved in secondary recycling include cutting/shredding, contaminant
separation, floating, milling, washing, drying, agglutination, extrusion and quenching.
Virgin polymer and/or additives may be added to the recycled material during the grinding
and melting stages [41]. It can make use of readily available plastic processing methods like
screw extrusion and blow moulding [54]. Mechanical recycling is a low cost process and
thus ideal for developing countries [113]. It is also the most favoured currently [22,78,114]
as it is efficient [73]. However, it shares the same disadvantage as primary recycling of
polymers having a limited number of cycles [73].

Studies are ongoing to improve properties of mechanically recycled food packag-
ing materials. As an example, blends of virgin and recovered PET were investigated by
Masmoudi et al. [115] to achieve an optimum blend that can be used in food contact appli-
cations. After mechanical recycling, rheological analysis showed degradation results with
PET decreasing in viscosity. Blending recycled PET to virgin polymer showed improvement
of mechanical and thermal properties with an optimum blend comprising 30% recycled
and 70% virgin PET. The migration tests performed on the blends proved they can be used
for primary food packaging as they conformed to the EFSA standard.
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5.7. Biological Recycling

This applies chiefly to biodegradable plastics that have recently attracted consideration.
Biological recycling is a form of tertiary recycling also described as organic recycling [68].
The biodegradable plastic industry is still small but growing [7]. These plastics can be
attacked by microbes and broken down within short periods of time, thus entering the
biological cycle. Biodegradable plastics are envisioned to find successful application in food
or catering industries [3,104]. However, users may be misled to carelessly throw away more
of the biodegradable packaging material into the environment and thus increasing plastic
litter. There is carelessness in marketing of biodegradable or compostable plastics with
some of them proving to have grave impacts on the environment as do nonbiodegradable
petroleum based plastics [51,116]. Food packaging alternative materials should be analysed
so as to assess their effect on the entire product system [84]. A mixture of biodegradable
plastics with nondegradable plastics will pose further sorting and waste management
problems.

It is reported by Kosior Mitchell [70] that biobased products may not be effectively
handled by current end-of-life waste management options. Only drop-in bioplastics which
can be used with current technologies are seen as ideal and these include bio-PE, bio-PP and
bio-PET. However, other biobased polymers like polylactic acid can be used alone or with
organic fillers to make compostable food packaging composites presenting opportunities
for green packaging materials that can be biologically recycled. Compost bins may be
used to allow for home composting of biodegradable food packaging waste [79]. However,
care must be taken to note some products require industrial composting and will not
compost in home composting conditions. For example, polylactic acid polymer has been
widely believed to easily biodegrade in landfills or home composts or even in aquatic
environments. This is not true as the polymer does require an industrial composter and as
such should be referred to as compostable [116-120].

Some natural and designed microbes are reported by Drzyzga and Prieto [121] to be
showing potential for possible application to biodegrade problematic petroleum-based
plastics. Another new field of study reported is in the use of enzymes engineered for
plastic degradation. Studies of PET, LDPE, linear-low density polyethylene (LLDPE) have
been carried out. Further research is envisioned in the biological recycling field to employ
microbes, fungus and enzymes in the degradation of plastics.

5.8. Chemical Recycling

Branded as tertiary or feedstock recycling as well, here the plastic polymers are broken
down into individual useful components such as monomers. This means there is chemical
modification of the polymer structure to generally produce liquids and gases to be used
as feed material in the creation of other petrochemicals and plastics. Tertiary recycling
contributes to the principle of energy sustainability as it generates raw materials that were
made to create the plastic in the first place [54]. Chemical recycling offers the advantage of
handling mixed and contaminated polymers with little pretreatment [6].

In feedstock recycling, pyrolysis has received notable attention as it offers operational
and environmental advantages as well as financial benefits [122]. This is generally a ther-
mochemical process that makes use of temperature, pressure and time to achieve desired
hydrocarbons although the effect of pressure is reported to be not well documented by
Al-Salem et al. [122] presenting a future research gap. There are many other methods of
chemical recycling that include cracking, gasification, hydrolysis, glycolysis and chemical
depolymerisation [54,73]. However, chemical recycling may be unworthwhile for develop-
ing countries as it is capital intensive and presents operational challenges [41]. Catalytic
pyrolysis presents better advantages over the thermal process [106,122] and there is a need
to research catalysts used by this method to improve the overall efficiency and reduce
energy demand of the process by lowering operational temperatures [11,71]. It is limited
mainly to condensation polymers mostly for PET [73].
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5.9. Energy Recovery

Energy recovery is also referred to as quaternary recycling. This is the burning of
waste to attain or recover energy in the form of heat, steam and electricity. It can serve
to address the global challenges of increasing energy consumption and plastic waste
generation per capita [103]. Plastics derived from crude oil possess high calorific value
and are thus sources of energy, for example, polyethylene, polypropylene and polystyrene
have 44.9, 46.5, and 41.9 mega joules per kg (Mj/kg) calorific value whilst petroleum has
42.5 Mj/kg [104].

After repeated recycling of plastics using primary and secondary recycling methods
that result in the loss of their desired properties, they are discarded into landfills thereby
contaminating the earth [54]. The general approach at this point is the combustion of the
waste material thereby boosting energy supply [103]. Additionally, incineration of waste
results in volume reduction of up to 99% and the residue can then be landfilled. Care must
be taken as some air pollutants are emitted during incineration which include greenhouse
gases and carcinogenic substances [6,100,123,124].

Several Waste-to-Energy (WTE) technologies can be utilised for energy recovery.
These technologies can be thermal (incineration, pyrolysis and gasification), biochemical
(biomethanation/anaerobic digestion and fermentation) and chemical processes (esterifica-
tion) [125-127]. WTE technologies are capital intensive and have mostly been established in
developed nations and are yet to gain popularity in developing nations including African
cities [128]. In developing countries, plastic waste can be used to start fires when cooking
using wood thereby serving as a route for reducing plastic waste at household level but
at the expense of harmful by-products emissions. Energy recovery via thermochemical
energy recovery route can be further divided into incineration, gasification and pyrol-
ysis technologies [103]. Incineration technologies are showing increased advancements
and the main incinerator types are the grate or moving grates, rotary kilns and fluidised
bed [103]. Plastic waste from food packaging generally gets mixed with other wastes to
comprise MSW which finds its way to incinerators. WTE technologies when used for
electricity generation had efficiency of 25-30%, however, improvements to cogenerate heat
and electricity have seen the efficiency rise to 80% [103]. Modern incinerators have been
equipped with state-of-the-art air pollution control technologies to minimise the emitted
air pollutants [106].

5.10. Policies and Incentives for Managing Plastic Waste

Governments worldwide have generally struggled for many years to reduce plastic
waste [16,51,65,129,130]. Plastic recycling has attracted a lot of legislative attention unlike
any other recycling business [82]. Different policies and incentives can be looked at to
ensure the timely capture and sorting of packaging waste for recycling and these include
extended producer responsibility (EPR), taxes and bans [67]. The responses from countries
varies widely in their policies and implementation of systems meant to remedy plastic
waste. This has resulted in recycling of only 9% of the 9 billion tonnes of cumulative
worldwide plastic waste reported in 2018 [18]. In 2019, Jefferson [37] reported the figure to
have reached 10% and that it would continue to rise slowly.

As a result of the intricate recycling system for plastics, manufacturers generally
avoid investing in plastic recycling [78]. The EPR policy holds the manufacturers to be
responsible for the life cycle of their produced packaging material. As such, manufacturers
are motivated to design green materials and increase awareness on handling of their
product throughout its service life up to the material recovery stage thereby forming
a closed loop cycle. EPR is still lacking in Africa and in southern Africa, it is under
implementation only in South Africa [67].

Extra charges like taxes can be imposed on packaging material to deter irresponsible
use of the materials. The most recycled polymer is PET and Norway is reported by Maria
and Leva [67] as holders of the world record of having the highest PET bottle recycling rates
standing at 97%. This is attributed to a redeemable fee that is charged when purchasing a
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PET bottle to discourage the throw away culture. In the United Kingdom a tax was levied
on carrier bags and resulted in consumers opting to reuse the bags rather than buying more
and this resulted in almost 16 billion less bags used by the consumers [70].

Plastic bans seem to have been a more widely used policy to manage plastic waste.
Several countries have introduced regulations on plastic bags and Styrofoam products.
However, based on the experience of more than 60 countries, there is not much information
to draw conclusive information on the impacts of the bans [131]. This could be attributed
to the failure of enforcing the regulations for one reason or another [131,132]. Inevitably,
the problem of plastic pollution would persist. The following Figure 4 shows the impacts
of the bans.

M No to little impact

H Reduced consumption or less
pollution

= No data on impact

Figure 4. Impact of national bans and levies on plastic bag usage. Data from [18].

6. Mismanagement of Plastic Waste

In waste management, precedence ought to always be rendered to the prevention
of waste. It is always wiser to prevent pollution today than to wait to handle the waste
in the future. One localised study revealed that the majority of consumers were willing
to reduce usage of plastic and adopt environmentally friendly packaging, however, their
behaviour was contrary to their positive attitude placing blame on industry providing
the disposable packaging [133]. Reduced plastic use and thus waste generation would
result in reduction of mismanaged plastic waste [62,134,135]. Figure 5 shows the global
share of plastic waste that was inadequately disposed as at 2010. Inadequately disposed
plastic waste refers to all plastic waste that is not well contained in disposal points like in
dumps or uncontrolled landfills [19]. This waste can easily migrate into the neighbouring
environment and can easily find its way into oceans. This waste problem is a result of
ineffective waste management systems [19,136].
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Figure 5. Inadequately disposed plastic waste as at 2010 [19] (Available online: https:/ /creativecommons.org/licenses/by/
4.0/ (accessed on 25 November 2020)).

It is reported by Maria and Leva [67] that developed countries have almost no in-
adequately managed plastic waste whilst countries in southeast Asia and the pacific are
the chief culprits accounting for 60% of global inadequately managed plastics. Africa
contributes a share of 17.2% with the Middle East and North Africa accounting for 8.3%
and 8.9% for Sub-Saharan Africa (SSA). SSA is also reported to have 80-90% of plastic
waste being inadequately disposed. A study by Lebreton and Andrady [137] reports that
the increase in waste management infrastructure may not be enough for some parts of the
world particularly in Africa. The projections of the study were up to the year 2060 and
indicated that demand for plastic in Africa would grow by 375% of the current demand
whilst the global average growth was pegged at 210%.

Plastic Waste in Africa

The annual growth rate of plastic consumption in Africa is pegged at 2% and has the
potential to reach over 20 million tonnes by 2025 [42]. However, there are a few studies
that account for the plastic waste and waste management strategies in Africa. Additionally,
there are not many reports on the extent of amount of waste entering the coastal and
oceanic waters around Africa. However, the assumption is the models of pollution follow
those of developing countries from other continents. Literature states that for developing
countries, the management of environmental pollution from plastic waste poses a signifi-
cant challenge [8,138-141]. It is reported that despite their efforts, recycled plastics account
for only 10% of the total generated plastic waste [39]. Africa is reported to have limitations
in plastic recycling capability and inefficient waste collection [142-144]. The accumulation
of mismanaged plastic waste in the environment is said to remain unreasonably high in
African and Asian continents even going into the foreseeable future [137]. The African
population is reported to rely on plastic as a low-priced material for packaging [145]. Africa
has been shown to be the chief driver of the growth in global population and this is seen to
result in a huge market for plastics and consequently plastic waste [146]. The population
growth is expected to rise from 1.34 billion as at 1 July 2020 to 2.19 billion in 2050 [147].

Plastics can be seen littering roads, footpaths, rivers, sewage systems and open spaces
in towns and even in rural areas in African countries. This as a result of the throw away
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culture of consumers. Grazing animals like cattle, sheep and goats have been reported to
die after eating plastic bags which became entangled in their stomachs [148]. In addition to
land based sources of waste, Africa’s shipping and maritime activities have mismanaged
waste ensuing pollution in the oceans [146]. One study in the Mwanza region of Tanzania
on fish from Lake Victoria had plastics identified in 20% of the fish from each species [149].
Current efforts in Africa are for limiting plastic use, however, there is still a need to also
address plastic pollution already present. Rwanda took the lead by banning the use of
nonbiodegradable polyethylene bags in 2008. Rwanda leading by example, has managed
to successfully reduce plastic consumption by banning single use plastics, plastic bags and
promoting the substituting of plastic construction material [150].

Africa is the only continent where the most countries introduced a total ban on the
manufacture and use of plastic bags, with 25 countries having announced regulations on
plastics, although more than 50% of them only started implementation as of 2014 [18].
This lack of strict enforcement of regulations of plastics should be reviewed and corrected.
Additionally, Africa is said to lack stakeholder involvement in the drafting of plastic bans,
limited consumer awareness, bans given without enough notice time and with no plastic
substitutes [132]. Southern African countries comprise Angola, Botswana, Lesotho, Malawi,
Mozambique, Namibia, South Africa, Eswatini, Zambia and Zimbabwe. As of 2018, only
four southern African countries had introduced levies and bans to counter the effects
resulting from plastic waste pollution. These are shown in Table 2. The chief culprit
targeted is single-use plastic bags that are reported to have global annual consumption of
up to 1 trillion bags that translate to 32,150 bags per second and most of these end in the
environment soon after use [130,151-153]. This is because plastic bags are light weight and
have a parachute-shaped design that makes them particularly challenging to manage as
they can easily glide through the air and in waterways [154]. These plastic bags present
a good surface area for photodegradation to form microplastics that do easily enter the
human food chain. Microplastic have proved to serve as vectors facilitating the spread
of various pollutants including persistent organic pollutants as these have high affinity
towards microplastics [155].

Table 2. Table of summary of the southern region African countries that have introduced regulations on plastic bags and

Styrofoam products. Adapted from [18].

Country Year Level Policy Impact
Decline in consumption of plastic bags
Botswana 2007 National Levy on retailer for the use of plasticbags =~ however pollution as a result of plastic
bags still persists
. . Ban on the production, importation, sale . . .
Mozambique 2016 National S . No information available
and distribution of plastic bags
South Africa 2003 National Banon plas.hC bags <.30 hand levy on Lack of enforcement
retailer for thicker ones
. Resistance from the informal sector and
. Ban on plastic bags <30 p and levy on : .
. 2010 National . plastic bags smuggled in from
Zimbabwe consumer for thicker ones A
Mozambique
2017 National Ban on Styrofoam products No information available

7. Circular Economy

To effectively deal with waste, the old way of doing things following the “make,
use and dispose” model should be abandoned for the sustainable “make, use, reuse and
recycle” model [49,70,124,156]. Principles like extended producer responsibility have also
catapulted forward the need for recycling of aftermarket waste [76]. Recycling ensures
that post use materials are returned to the factory as raw material thereby forming a
circular loop [25]. A circular economy thrives to prevent waste by conserving resources
within the system. This is in resonance with the United Nations Sustainable Development
Goal (SDG) number 12, which seeks to ensure sustainable consumption and production
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patterns [157]. Figure 6 illustrates the circularity of plastics that can be implemented by
all nations to in a bid to accomplish sustainable management of plastics. The adoption
of the circular economy concept in plastic management into the future would eventually
mitigate the challenges faced by plastic waste problems particularly waste from plastic
packaging [8,23,133,158].

Virgin raw
material

Chemical
Recyeling

Figure 6. Plastics circular economy. Adapted from [12].

To achieve the closed-loop use of resources of a circular economy in plastic waste
management, there should exist genuine cooperation between all sectors of a society. The
following Figure 7 displays the relationship between the they players that can bring about
real change.

The government plays the role of an overseer and is responsible for monitoring and
gathering data on the production, use and disposal of plastics. This information can be used
to draw up policies and design systems for waste reduction. Coupled with research on key
issues, effective and sustainable policies can be developed that can give birth to a circular
economy. A conceptual framework for the successful reverse logistics implementation
to plastics recycling has been proposed by Tesfaye and Kitaw [78] to achieve a circular
economy.
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Figure 7. Cooperation between all sectors to curb plastic pollution. Adapted from [159].

8. Future of Packaging Plastics

In the current world, the need for recycling, recovery and management of plastic waste
is of paramount importance [54]. Nations from around the world are now increasingly
taking action and demonstrating that whether they are from a rich or poor nation, it is
possible to be global environmental leaders. However, if they fail to cope it means with the
current plastic management habits, by the year 2050 there would be 12 billion tonnes of
plastic litter in the environment distributed across the land and water bodies [18]. These
figures would mean the plastic industry will now be consuming 20% up from 8% of the
global oil production. Plastics use was on the rise rapidly whilst no one was observant of
the consequences resulting in an upsurge of mixed variable waste materials entering waste
streams [160].

Governments have the most imperative part in curbing the problem of plastic waste
going into the future. They should be in a position to finance basic and applied research to
measure the up-to-date plastic problem and the hazards posed to human health and the
environment [159]. The information collected should be packaged effectively to reach all
target audiences to school and increase consciousness on the challenges presented by the
use of plastics. This would also go a long way to alter the littering habit of humans and
possibly bring it to an end. As a result, the volume of waste from food packaging plastic
waste would be greatly reduced to manageable levels towards achieving zero waste.

Disposable packaging has become very popular for emerging economies resulting in
adverse impacts on the environment which has caught the attention of the media. Media
trends are showing that plastics are becoming a topic of interest giving rise to pressure
on governments to adopt policies that demand a sustainable approach to plastic use
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and management. This increasing awareness of plastic pollution is giving rise to plastic
recycling and innovations to address plastic challenges. As a result, this may lead to
creation of new markets, jobs and manufacturing opportunities in the future [70].

Waste will continue to grow as a result of increasing world population and increased
per capita consumption accompanying economic growth. This will be more realised in
urban areas and developing African countries. High population growth in Africa is a driver
for increased food consumption patterns that will raise demand for plastic packaging and
thus an increase in plastic waste particularly single use food packaging. Drive should
be towards investment in boosting the infrastructure responsible for managing waste
in developing nations and this will make use of considerable resources and time [62].
Additionally, the lack of affordable alternatives needs to be thoroughly investigated and
preferably long-lasting solutions would be provided by eco-friendly alternatives such as the
use of biodegradable biopolymers for single use food packaging applications. Worldwide,
governments are coming up with policies and legislations to promote usage of biopolymers
in packaging [4]. African countries will also require widespread efforts to give birth to a
continuous scrutiny and revision of policies meant to reduce or ban the use of single-use
plastics [132].

China introduced an import policy ban on the importation of nonindustrial plastic
waste which commenced on 1 January 2018. A study by Wang et al. [39] reported that
China had been importing plastic waste since 1992 to manufacture goods for sale and
export and many countries heavily relied on exporting their waste to China as an outlet
for managing plastic waste. In 2016 alone, China imported 7.35 million tonnes from
43 countries which was about 50% of plastic waste exported by 123 countries intended for
recycling. Cumulatively, China has imported 45.1% of total plastic waste exports. This ban
on waste imports will have a cascading effect on the countries that were exporting waste
for some years to come. Brooks et al. [160] reported that the most affected countries include
the East Asia and Pacific, Europe and central Asia, and North America countries. Two
outcomes may result from this ban which are plastic waste overwhelming some nations or
the development of robust waste management systems that will bear fruits in the future.

The European Commission has already responded to this development. Some of
the countries at the bold forefront are France and Germany, whose plastic packaging
producers have already actively engaged value chain partners and invested in research and
development of new plastic packaging. They have already signed a Circular Plastic Alliance
and aim to have at least 90% of household packaging being recyclable or reusable by the
year 2025 [161]. Several milestones are continuously being set in Europe for managing
plastic waste. Targets were set for plastic packaging recycling to reach 50% by 2025, 55%
by 2030, and plastic bag bans and Styrofoam regulations [18]. It is hoped that by the year
2050 incineration rates will reach 50%, recycling 44% and discarded waste 6% [19]. The
(EU) 2018/852 directive on packaging and packaging waste also presented a new method
of determining recycling performance set to commence with data from the year 2020. The
“Plastics 2030” coined by the European Commission as a strategy for plastics in a circular
economy is a voluntary commitment that is envisioned to transform the European Plastic
industry to achieve a circular and resource efficient plastic economy. The envisioned plan
is to have every packaging material on the continent be 100% reusable or recyclable with
zero landfilling so as to achieve a circular economy of plastics [158]. It cannot be over
emphasised that there is need for cooperation between all stake holders to achieve a plastic
pollution free society.

It is also important to note the impact of the COVID-19 pandemic on the plastic
industry. With social distancing measures in place, it means food consumption has been
further promoted to be consumed on the go. Consumers who would have ideally ordered
a sit in meal in their favourite restaurant are now forced to order a takeaway. These
takeaway foods come contained in single-use food packaging plastics. After consumption,
the packaging waste is now more likely to be mixed together with several other household
waste materials rather than be sorted separately. This is because refuse collection rates
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have fallen, and curb side disposal has also been reduced leaving waste concentrated in
households. In developed economies this may mean increased raw material for recycling
plants whilst for developing countries temptations will be high to dispose of the waste
into the surrounding environment increasing the amount of mismanaged waste. Studies
have begun documenting this unique period with works from [162-167]. In the near future
more studies on quantities, implications and trends of generated plastic waste quantities
will be documented.

9. Conclusions

Plastics are still a consumer preference material for packaging solutions. They are the
most produced material globally for different application markets including electronics,
automotive, agriculture, toys and textiles. They have found high uptake in packaging
industry particularly in the food industry where the packaging is mostly single-use. At
the end of their very short useful lifetime, these plastics easily find their way into the
environment. In the environment, plastics can negatively affect animal and human health
as they pollute land and water bodies and even find their way into the food chain. This
has resulted in a growing need to provide packaging material that is economic, convenient
and environmentally sound. While the search for environmentally friendly packaging is
ongoing, there is need to adopt the reduce, reuse and recycle model. Governments have to
play the key role to regulate, businesses should innovate, institutions should research and
individuals should act. Together, a working society can achieve a plastics circular economy
with effective waste management systems to curb the pollution problem from plastic use.
This will be particularly important in Africa as studies project that the continent would be
the biggest consumer of food packaging plastic materials.
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