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Plastics are a precious, versatile set of materials. The accumulation of plastic waste threatens the environment. Recycling
plastic waste can produce many new products. The many opportunities for using plastic waste create pressure for a
strategy to develop or improve current waste management systems to reduce the negative impact on humans, fauna and
flora.
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| 1. Introduction

To think of a world without the use of plastics is simply unimaginable . Plastic is used in various products, from
consumer goods to packaging, medical devices, automotive, and construction [2. Plastic pollution is growing relentlessly,
and the accumulation and disposal of plastic waste is a significant problem 1. Plastic waste somehow escapes the waste
management system and makes its way into the environment, inadvertently or through illegal practices. It eventually
fragments into smaller pieces that severely threaten the health of humans, plants, animals, birds and marine life &, If no
action is taken, the yearly flow of plastic into the ocean will triple by 2040, amounting to 29 million metric tonnes annually.
This is equivalent to 50 kg of plastic waste per metre of coastline globally (&I,

The high demand for plastic products has drastically increased the production of single-use plastic, and its end life harms
ecosystems and causes environmental pollution. The harmful effect of plastic materials’ end life has become a global
challenge €, wilcox et al. @ warned that plastic pollution has become a worldwide problem and poses a severe
environmental hazard. There have been several studies BIQILALLIZ \which emphasise that plastic materials are the most
common type of debris that make their way into the world’s oceans, causing enormous problems for marine animals and
bird life. Allsopp et al. 3] and Ostle et al. 14] stated that many seals, fish, dolphins, porpoises, whales, and turtles suffer or
die due to entanglement in fishing gear, such as nets and strapping bands from bait boxes and ropes. These types of
debris cause bodily harm, suffocation, starvation and other injuries. Derraik [ and Nelms et al. 13 stated that marine
animals, including fish, have suffered due to the ingestion of marine debris. Napper and Thompson 28 highlighted that
plastic waste includes beads, foams, fibres, films, flakes from plastic bags, plastic pellets and plastic fragments from more
oversized broken plastic items. Most of these ingested particles consist of 84% fibres, while the remaining 16% are
broken plastic fragments. Eating these items causes digestive tract blockage, starvation and death.

According to 4, another challenge was the illegal dumping of plastic waste materials on the West African Coast. This
contributes significantly to the demise of marine life. The beaches show a definite decline in their aesthetics and beauty,
with plastic trash thrown all over the beaches.

Lebreton et al. 28 contended that between 1.15 and 2.41 million tonnes of plastic waste currently enters the ocean
annually from rivers. Jang et al. 19 stated that the amount of plastic debris along shorelines hurts tourism. For example,
the total tourism revenue of Geoje Island was lost due to the marine waste flowing from the Nakdong River in July 2011.
Considerable revenue loss was estimated to be USD29-37 million.

An additional environmental challenge posed by plastic waste is the production of greenhouse gas (GHGs). The projected
output of GHGs from 2030 to 2050 is increasing at an alarming rate. It is expected to reach approximately 225 million
tonnes of CO, soon. Hence, GHGs are predicted to cause untold damage in the future 22, The past trends show that
South Africa was the highest emitter of CO, gas emissions in 1990 and 2017, reflecting a total of 243.8 metric tonnes (Mt)
CO, and 421.7 Mt CO,, respectively 211,

Therefore, the urgent need for recycling plastic to provide a solution for reducing plastic pollution, unemployment, dealing
with the shortage of affordable housing and climate change has been identified in South Africa as a threat to sustainability
in the country. There have been many technological advancements to produce eco-friendly biological building materials
from plastic waste and other waste materials. Suresh et al. 22 proposed using straw and clay for their many advantages,
such as it being cheap, durable, and having good insulation properties. Similarly, fly ash produced as a waste product by
coal-powered plants is now being used to develop environmentally friendly products 23, Various studies have found that
fly ash, which was found to be strong and has relatively high compressive strength could be used as a substitute for clay-
based bricks 24, A supplementary study found that as the content of fly ash is increased, the compressive strength



increased, the water absorption test did not surpass 20% of the bricks’ weight, according to the testing standard [25,
Another material identified for brick production is rice husk. Rice husk is a by-product of the milling process when
harvesting rice grains and is available in large quantities 28, It found that adding rice husk in specific ratios improved
building products and concrete properties. Despite these raw materials’ availability and cost effectiveness, these
resources would not be sufficient to address the increased demand for bricks in the construction industry. In this regard,
the number of propositions and shifts towards the green economy to analyse end-of-life disposal methods in many forms
of waste are increasing daily 2728 The amount of plastic waste is widely available and can be sourced at a low-cost.
Hence, it is proposed to be used as an alternative binding material for buildings and other products 2. Including plastic
waste in construction may serve two primary purposes: firstly, providing eco-friendly brick-making materials and secondly,
extracting plastic waste from the environment B9, resulting in a waste-to-profit movement. Therefore, the objective of is to
consider the feasibility of using only plastic waste in plastic brick manufacturing in South Africa, while simultaneously
reducing the negative impact of the four emerging crises.

This solution will not take place naturally, but the current focus on incorporating waste pickers into the formal industry in
South Africa will have far-reaching implications. Godfrey & estimated the projected number of waste pickers to be around
215,000 in 2017, which is still growing. Government, industry, and other stakeholders identified the beneficial role waste
pickers play in the diversion of valuable waste products away from landfills; thereby reducing waste pollution and
redirecting it towards recycling and reuse B,

Several studies argued for the inclusion of waste pickers into an integrated waste management system with proper
regulatory frameworks since they currently face many challenges such as discrimination, working under poor conditions,
compromised health and safety regulations, being overworked, workers receiving low salaries when they worked for other
agents and receiving little cash for the resale of their waste products. Velis B2 proposed that it is essential to upgrade
waste pickers from the informal recycling system towards a formal or structured waste management system and link them
to the recycling value chain.

It is also argued that the framework must build into the system a pre-condition to ensure the transformation of the informal
industry through the organisation and empowerment of the informal waste pickers. Samson 23 stated that waste pickers
play a critical role in substantially contributing to the recycling industry. She believes that a coordinated and integrated
approach of waste pickers into a regulated framework is compulsory since all other methods will fail.

The informal sector in Pakistan implements the recycling of waste. Masood and Barlow 24 argued that it is advantageous
to integrate this informal industry with the formal sector. Hence, this forward-thinking led to the designing of a framework
that offered explanations as to how to integrate the informal and formal waste management sectors in such a way as to
exert a positive impact on the economic, environmental and social spheres. They also believed the integration would
benefit the government, municipalities, the general public, and the informal waste sector.

Dias % presented a brief overview of the legal framework regarding the integration of informal waste collectors (waste
pickers) in solid waste management (SWM) in Brazil. Recently, Brazil favoured the enactment of laws to include waste
pickers. The new legislation gives waste pickers much more visibility and recognition for their economic contribution. Due
to the inclusive way in which they integrated waste pickers into their national policies, Brazil has become one of the
leading countries worldwide.

Drawing on the experience of Brazil and other countries, South Africa followed a similar path. In her speech, Molewa 28],
the previous Minister of the Environment, placed an increase in plastic waste recycling rates on record. She supported the
role played by waste pickers in diverting waste from landfills, thus making a huge contribution to the recycling economy in
South Africa. She stressed that there must be strategic interventions to publicise economic prospects by promoting
entrepreneurial activities that integrate waste pickers into a controlled and supportive environment.

| 2. An Emerging Global Crisis—A Threat to Sustainability

Researchers live in unprecedented times, and the world has been forced to react to many significant threats such as
pollution, unemployment, shortage of affordable housing, climate change, poverty, diseases, global warming, and political,
religious and food security 27, These global threats have led to lower living standards for most people. However, gaining
a better understanding of the four global crises also affecting South Africa, as indicated in Figure 1, requires taking
immediate action, and that only by taking action now with the utmost priority can researchers secure our future [28139140]
(41]142]
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Figure 1. Four emerging global crises.

Four emerging crises have been identified that need to be addressed as a matter of urgency; failure to do so will have a
ripple effect, leading to an explosion of crises. It has been highlighted worldwide that unimaginable damage to our planet
will occur if these emerging global crises are not given sufficient attention (28], Sadan and de Kock 43! stated that: “the
amount of unmanaged plastic waste entering the environment, particularly the ocean, has reached crisis level’. The
expansion rate of plastic doubles every subsequent decade. Our environment is becoming more polluted due to current
development, urbanisation, population growth and changes in peoples’ lifestyles 1. Page 44 alerts us by saying that “the
growing population of more educated and urbanized youth who are hampered by finding few jobs is a crisis in the
making”. Rodriguez-Caballero and J. E. Vera-Valdés 43! stated that as the number of unemployed individuals increases
and the longer they are outside the labour force, the more difficult it will become for them to be employed. Therefore, it
has become imperative for the Federal Reserve to increase employment opportunities by introducing various programmes
and strategies. Henley 48 flagged the housing challenge and stated that: “the problem of inadequate or non-existent
housing has reached crisis proportions globally”. Lastly, climate change and its consequences that arise around the world
have become one of the biggest challenges to date, which will be addressed 4. Climate change has been identified as
one of the biggest threats to sustainability in the 21st century. Extreme climate changes have led to significant disasters.
These observations showed that weather patterns pose a huge challenge to disaster risk management, which calls for
increased efforts from all stakeholders 28149,

Figure 2 provides a holistic view of these four disturbing scenarios that are snowballing rapidly. These four crises are
intentionally dealt with separately to present a deeper and more comprehensive understanding of each one. However, it
must be understood that all four concerns exist concurrently and simultaneously, affecting sustainability as one common
challenge, see Figure 2a. The four emerging crises, namely, plastic pollution, unemployment, shortage of affordable
housing and climate change, are integrated and directly linked to the three pillars of sustainability, viz. pollution
(environmental), housing (social) and employment (economic), see Figure 2b BUBLB2E3] Several studies B4I5S1(56]
indicated that recycling (see Figure 2c) presents excellent opportunities and innovations for individuals, companies and
governments to convert plastic waste into other valuable products. While plastic waste harms human health, it can be
used for business and wealth creation B4, Covenant University engaged in a waste-to-wealth scheme, which focused on
managing and processing used plastic materials to create other reusable products B3, It is showed that recycling plastic
waste converted into plastic sand bricks can reduce the impact of the four emerging crises.

PLASTIC
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c
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Figure 2. Plastic recycling as a solution to reducing emerging global crises.



2.1. Plastic Pollution as an Emerging Crisis

Plastic pollution has become one of the most unrelenting environmental issues locally and abroad. South Africa is facing a
rapid increase in plastic pollution, and poor waste disposable methods make it difficult for communities to manage the
crisis. Plastic, a common material, is widely used by everybody in daily life, e.g., for containers, bottles, and food
packaging materials 281581 The disposal of plastic waste is a huge problem nowadays. Although plastic products are
compact in shape, light weight and have various advantages, the problem is that their daily use increases at an alarming
rate and they become a hazard by damaging human and animal life. Victory 22 emphasised that plastic disposal has
become a waste pollution crisis over the last decade and collaborative effort will be needed to determine its future effects
on the planet and its inhabitants. Plastic pollution is becoming extremely dangerous to the environment due to its
enormous production and usage, which has harmful environmental effects €%, Additionally, plastic waste on land and
water has harmful effects on all living species in the marine ecosystem of our planet [€11,

2.2. Unemployment as an Emerging Crisis

Unemployment is a massive problem faced by both developed and developing countries. In particular, youth
unemployment in South Africa is escalating, despite desperate efforts and initiatives implemented by the government to
reduce the very high unemployment rate. Unemployment is a “disease” faced by individuals and society that require
careful and planned intervention for it to be eradicated. Statistics South Africa has revealed that the unemployment rate
among the youth in South Africa is very high although they possess educational qualifications. The graduate
unemployment rate is shocking for those in the various age categories, namely 15-24 at 40.3% and 15.5% among those
aged 25-34 years. However, the rate among adults (aged 35-64 years) was 5.4% (62, The presence of unemployment
nationally and worldwide has many adverse effects, such as increased depression and other mental health problems,
increased crime rates, overall lower economic productivity and consumption, lower rates of volunteerism, and erosion of
skills. Hence, the inherent problem of unemployment needs to be urgently addressed since it affects sustainability and
sustainable development (€3],

2.3. Shortage of Affordable Housing as an Emerging Crisis

The shortage of affordable housing is emerging as a significant challenge in almost all sectors of society throughout South
Africa and abroad. Finding an affordable house is difficult as housing prices and rents are increasing across the country.
Favilukis et al. 4 warned that: “the increasing appeal of major urban centres has brought on an unprecedented housing
affordability crisis”. The UN habitat 3] Jinks housing to a sustainable future and states that there is a continuous demand
to provide decent adequate and more affordable housing to the millions of people worldwide in such a way that it
guarantees a sustainable future for cities. De Villers et al. €8 argued that there are alternative ways to address this
shortage of houses, in line with environmental sustainability. They also argued that despite the number of alternative
building materials and systems (ABMS) that have been implemented in place at a commercial level, there is still poor or
very little implementation of ABMS occurring in South Africa. The world population is growing, and there is currently a
shortage of affordable housing worldwide. Furthermore, the use of clay brick becomes a question for debate and the
demand for greener housing using more sustainable material is increasing.

2.4. Climate Change as an Emerging Crisis

Climate change is already impacting all nations of the world in myriad ways. South Africa is no exception due to frequent
extreme changes in weather patterns such as heatwaves, storms and floods that have recently taken place. Climate
change is a threat to millions of lives. Tsakona et al. €7 argued that “The triple planetary crisis- climate change,
biodiversity loss and pollution including plastic pollution—has its greatest impacts on the world’s poorest and most
vulnerable populations.” Currently, there is great emphasis on the severity of the environmental crisis that threatens us,
such as climate change, ozone depletion, degraded air and water quality, land contamination and global warming. The
depletion of the ozone layer directly affects the quality and sustainability of human life.

Morales-Mendez [88] defines the ozone layer as “a band of natural gas called ozone”. He emphasised that one of the main
functions of the ozone layer is to act as a protective shield against harmful ultraviolet rays from the sun. He mentions the
concern that the ozone layer is being damaged and depleted by the release of many pollutants such as carbon dioxide
(CO,), chlorofluorocarbons, water vapor, methane, and nitrous oxide gases. The National Geographic Society [
explained that the excess heat that is accumulated in the atmosphere increases the average global temperature, which is
known as global warming.

Climate change is affecting many parts of the planet, which results in today’s extreme weather conditions from severe
droughts to flooding and increase in sea levels. Researchers are experiencing new weather conditions that are already
negatively affecting all life on earth [79,
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