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ABSTRACT

Manufacturing organisations are responsible for depleting an extensive portion of the earth's
renewable resources, as well as contributing to air pollution, water contamination and waste
generation. Unsustainable waste management practices exacerbate biodiversity loss,
contribute to the ramifications of global warming and endanger public health. Therefore, the aim
of the present investigation was to explore the nature and extent to which manufacturing
organisations in the Municipal District of iLembe in KwaZulu-Natal embrace sustainable waste
management practices. The empirical investigation has adopted a quantitative research
design, with a standardised structured questionnaire that was distributed to all manufacturing
organisations within the iLembe Municipal District in KwaZulu-Natal, which consisted of 262
manufacturing organisations in total. Due to the relatively small size, the entire target population
was surveyed. According to the results of the study, only 70.23 per cent of participants from the
262 manufacturing organisations participated in this study. The data was evaluated with the aid
of statistical software, version 27 of the Statistical Package for the Social Sciences (SPSS).
The objectives and questions of this research inquiry were achieved. Upon analysis of the data,
it was discovered that the majority of respondents at 61% agreed that their organisations waste
is recycled in-house. The second highest number of respondents at 60% stated that their
organisation re-uses waste to manufacture other products, while 48% of the respondents stated
that their organisation incinerates waste. Another key outcome of the study revealed that
chemical waste was the most prevalent type of waste generated in the Municipal District of
iLembe in KwaZulu-Natal, which is alarming and can be harmful if toxins such as mercury and
lead are not properly disposed of, with certain chemicals consisting of high global warming
potentials due to their accumulation and persistence in the environment. In addition, the drivers
that influence sustainable waste management practices and the barriers that hamper
sustainable waste management practices among manufacturing organisations in the iLembe

Municipal District in KwaZulu-Natal were assessed and analysed.
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CHAPTER ONE

NATURE AND SCOPE OF THE STUDY

1.1 Introduction

Waste generation in South Africa has been on an upward trajectory. The country
generated 121 million tons of waste in 2017 (Department of Environmental Affairs,
2018). These estimates are higher than those documented in 2011, which showed
total waste generation at 108 million tons (DEA, 2011). The trend could arise due to
increased waste production from the rising population and improved economic
wellbeing, which has resulted to unaccounted for waste that is neither grouped as

hazardous nor general (Fakoya, 2018).

Operating an organisation in the context of current environmental concerns
necessitates a transition away from a management strategy that is merely focused on
achieving economic goals. The chronic issues associated with environmental
exploitation and contamination, coupled with the constant shrinkage of the available
resources from nature makes environmental challenges an extremely crucial
corporate imperative. In this context, sustainable business practices, particularly those
that are innovative, are gaining traction. These green initiatives allow for the mitigation
and/or reduction of environmental pollution whilst simultaneously generating certain
measurable benefits for the companies implementing them. In light of the above, this
investigation aims to evaluate the use of sustainable waste management practices
amongst manufacturing organisations in the iLembe Municipal District, KwaZulu-Natal
(KZN).

1.2 Context of the research

South Africa contends with an acute waste management crisis due to the annual
generation of billions of tons of hazardous waste. Only a small percentage of this waste
is appropriately administered and disposed of. Manufacturing companies, according

to Ndubisi, Zhai, and Lai (2019), contribute significantly to waste generation,
1



greenhouse gas emissions, water contamination, and the depletion of natural
resources worldwide. Only a negligible quantity of South Africa's waste is recycled on
an annual basis, with majority of the municipal landfills overflowing and pervasive
unlawful dumping occurring (Afrika, Oelofse, Strydom, Mvuma, and John, 2018;

Department of Forestry, Fisheries, and the Environment, 2018).

Daniel (2020) asserts that since the majority of South Africa’'s 826 authorized disposal
facilities have almost reached their maximum volume, the nation is in danger of
drowning in its own waste. According to the South African Waste Information System
(SAWIS), “approximately 42 million tons of general waste were produced in South
Africa in 2017”. Consequently, only 11.7 percent of the waste generated during that
time period was recycled (Department of Environmental Affairs, 2018). Moreover, if
the total capacity of waste generated can be reduced, there will be fewer instances of
illegal dumping (Conserve Energy Future, 2021).

Landfill facilities are considered a major contributor of greenhouse gas (GHG)
emissions. It is estimated that South African landfills will emit roughly 43 million cubic
meters of methane gas annually, or 595 550 tons of carbon dioxide (C0z), which is
toxic and harmful to humans and the environment (Department of Environmental
Affairs, 2018). The waste from food, beverage and chemical processing companies
causes major environmental issues (Yang, Xu, Yang, Bi, Li, Shen, Ma, Tian, Liu, Song,
Sand and Liu, 2018). Moreover, carbon dioxide is emitted into the atmosphere as a
greenhouse gas that traps solar radiation when fossil fuels are burned for energy
production and heating. As a result, invasive wildfires, droughts, hurricanes, potentially
fatal heatwaves, torrential rains and severe storms are all directly caused by human
and commercial activity. These catastrophic events will deteriorate unless people and

businesses adopt sustainable practices to minimize their effects.

The manufacturing industry is critical to the economic advancement in south Africa.
They aim to upsurge productivity and economic growth while simultaneously reducing
energy consumption and decreasing environmental impact. As at the second quarter

of 2023, the manufacturing industry increased by 2,2% and contributed 0,3% to Gross

2



Domestic Product (GDP) growth in South Africa (Statistics South Africa, 2023). On the
contrary, Khan, Hou, Le and Ali (2021) argue that the pollution instigated by the
Industry has damaging consequences for both the ecosystem and the economy as
Manufacturing industries are largely responsible for depleting a significant percentage
of the world's renewable resources, as well as contributing to pollution and the loss of
biodiversity. Normann and Maier-Speredelozzi (2016) asserted that the indirect
environmental cost of manufacturing encompasses product use and disposal, which

are vulnerable to environmental degradation.

Hence, sustainable manufacturing and waste management initiatives can assist in the
alleviation of environmental contamination such as modifying manufacturing
processes to produce less waste and greenhouse gas emissions; using non-toxic or
less-toxic production ingredients; using less energy and water; re-using resources
such as wastewater and factory scrap, rather than throwing them away; and reducing

packaging or using environmentally friendly packaging materials (Earley, 2016).

Chapter 14 of a book titled Waste Management in South Africa which emphasises that
solid waste management (SWM) is a problem in developing countries like the Republic
of South Africa (RSA). The authors discuss the drivers and current state of SWM in
RSA, as well as alternative approaches to turning solid waste into a resource. The
country's SWM strategy plays a role in moving waste up the waste hierarchy toward
minimal generation, reuse, and recycling via extended producer responsibility and
economic instruments. However, the absence of all-encompassing planning and
management has jeopardized the success of these initiatives (Nyika, Onyari, Mishra,
and Dinka, 2019) .

According to Godfrey & Oelofse (2017) SWM is underfunded and uncoordinated,
placing South Africa two to three decades behind developed countries like Europe.
Poor collection services, unlicensed SWM activities, illegal dumping, inadequate
waste data management, and non-enforcement of existing waste regulations are
among the most pressing issues. Recognising these challenges, the national and

municipal governments are advocating for a shift toward waste minimization, reuse,
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and recycling through the National Waste Management Strategy (NMWS) (Dlamini,
S., Simatele, M., & Kubanza, M. 2019). With increased awareness of these challenges,

the emphasis will shift from landfill disposal to waste as a resource.

The European Commission (2018) emphasises that the large-scale adoption of
sustainable business practices and waste management can mitigate global warming
and climate change. They further stated that green manufacturing is an achievable
goal that refers to methods of production that generate fewer waste products and
therefore emit fewer environmental pollutants. The modification of processes to use
fewer resources, for example, establishing strategies to use fewer litres of water in the
manufacturing process or producing more resilient products with replaceable parts,
are all examples that corresponds with the circular economy. The issue is that while
some businesses are willing to adopt sustainable business practices, many are not

doing enough to address these environmental challenges.

There are numerous obstacles in the waste management sector that are hampering
businesses in South Africa from moving towards a cleaner, greener future (Averda,
2021). Sustainable business practices not only represent a shift in how resources are
handled, but also require responsible waste management and post-production
recycling (Shroff, 2016). According to Espinoza (2020), hazardous waste like toxic and
flammable chemicals, and electronic waste that contains chemicals and substances
like mercury, arsenic, cadmium and lead, have enormous impacts on the environment
if they are not properly disposed of. The large volumes of hazardous waste released
by businesses and industries on a daily basis have a profound effect on human health
in addition to the air, soil, water, people and wildlife. Although regulations are in place
to govern industries on how to properly dispose of toxic substances, environmental
contamination is a growing problem globally. While much emphasis has been placed
on the attempts to recycle as a means of reducing the harmful effects of waste on the
ecosystem (Afrika, Oelofse, Strydom, Mvuma and John, 2018), according to National
Environmental Management Act (1998), in instances where waste generation cannot
be entirely prevented, it must be reduced, recycled, re-used or disposed of with

caution.



1.3 Awareness of the problem

The Department of Forestry, Fisheries and the Environment (2021) states that
businesses are obliged to implement, monitor and evaluate their waste management
strategies as it contends that non-sustainable waste management practices intensify
the loss of biodiversity, and contribute to climate change and global warming, which in
turn contribute to rising sea levels, melting glaciers, changes in the carbon footprint,
and result in freshwater scarcity, food security crises and more frequent and severe
weather patterns. Emberson (2020) contends that non-sustainable manufacturing and
waste management practices compromise the health of the general population by
contaminating the air, drinking water, soil, crops, cattle, fish and other resources. Small
and medium organisations that produce goods, according to Ndubisi, Zhai and Lai
(2019), are also responsible for waste production, contaminated water, air pollution,

and the depletion of a significant portion of the world's natural resources.

Consequently, sustainable waste management aims to diminish the volume of
renewable resources consumed; re-use and recycle as many natural materials as
possible; and significantly reduce wasteful activities for the benefit of the environment

and future generations.

1.4 Purpose of the study

Manufacturing businesses have been identified by Ndubisi, Zhai, and Lai (2019) as
significant contributors to waste generation, greenhouse gas emissions, water
contamination, and the depletion of natural resources on Earth. In South Africa, the
majority of municipal landfills are overflowing and there is widespread illegal dumping,
indicating that a modest percentage of the country's annually generated waste is
recycled (Afrika, Oelofse, Strydom, Mvuma and John, 2018; Department of Forestry,
Fisheries and the Environment, 2018). Consequently, increasing pressure is being
placed by governments and civil society on organisations to adopt sustainable waste
management practices. The South African Department of Environment, Forestry
and Fisheries (2020) emphasises that if proactive waste prevention measures are not

implemented, the overall volume of waste generated is expected to rise in the coming



years, which will require greater waste diversion initiatives to maintain the present level

of landfill airspace usage, which has already been identified as unsustainable.

Given the dire consequences of poor waste management in South Africa, the purpose
of this study is to identify the various types or groups of waste generated and the
disposal methods employed by manufacturing organisations in the iLembe Municipal
District of South Africa. In addition, this study explores the factors that influence waste
management practices and identifies the barriers to sustainable waste management

in the area.

1.5 Significance and objectives of the study

South Africa’s Constitution (Act 108 of 1996) states that all individuals possess the
right to an environment that is secure and healthy. This legislation is still in effect, and
both statutory and non-statutory measures are required to protect and nurture the
ecosystem for subsequent generations to come. As a result of the aforementioned, it
is vital for organisations to adopt sustainable waste management practices, and it is
anticipated that the results from the present investigation will partially contribute to

the paucity of research on sustainable waste management practices in South Africa.

1.5.1 Objectives of the present study

This study aims to achieve the following clearly defined objectives:

e to establish the types of waste generated and the waste disposal measures
employed by manufacturing organisations in the iLembe Municipal District;

e to investigate the strategies employed by manufacturing organisations in the
iLembe municipal district to minimise waste;

e to identify the drivers of sustainable waste management practices amongst
manufacturing organisations in the iLembe municipal district; and

e to explore the barriers hampering the implementation of sustainable waste
management practices amongst manufacturing organisations in the iLembe

municipal district.



Having discussed the waste management issues amongst manufacturing
organisations in South Africa (amongst other things) and providing a clear description
of the objectives and intent of the study, the subsequent sections provide an outline of

the research approaches, preceding the division of chapters.

1.6 Research methodology

The research methodology encompasses the method used and its justification for use
in data collection for the purpose of the investigation by expounding upon the research
design, the population of interest, the measuring instrument, pilot testing, delimitation,

reliability and validity, data analysis, and ethical considerations.

1.7 Division of chapters

The remaining chapters of this study are structured as follows:

Chapter Two critically discusses the relevant literature pertaining to, inter alia, global
warming and the climate crisis and the implications thereof; business practices that
exacerbate climate change thus contributing to global warming; and sustainable waste

management practices, more especially amongst manufacturing organisations.

Chapter Three presents the methodology and its justification for use in gathering data
for the research study by expounding upon the design of the research study, target
population, gauging instrument, delimitation, validity and reliability, data analysis and

ethical considerations.

Chapter Four presents, analyses and discusses the results that emerged from the

empirical investigation.

Chapter Five summarises the main results that emerged from the examined literature
as well as the empirical research, and, inter alia, recommends sustainable waste
management practices that manufacturing companies in the iLembe Municipal District,

KwaZulu-Natal, may adopt.



1.8 Conclusion

This chapter contextualised the waste management practices employed by
manufacturing organisations within the Municipal District of iLembe in KwaZulu-Natal
and presented an overview of the research. The research problem aims and objectives
of the study, critical questions, in addition to the rationale for the study were highlighted
and presented in this chapter. Chapter One also outlined the breakdown of the
chapters of the study. Key concepts relevant to the study were defined to acquaint the
reader with their significance. The subsequent chapter will review the literature related
to waste management within the context of the manufacturing industry and will critically
discuss the relevant literature pertaining to, inter alia, business practices that

contribute to environmental degradation and sustainable business practices.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This chapter explores the various works of literature on waste management in the
context of the manufacturing industry, and critically reviews the relevant literature
pertaining to, inter alia, the deterioration of global warming attributed to climate change
and the implications thereof, business practices that aggravate environmental

degradation and climate change, and sustainable business practices.

2.2 The concept of waste

The development of urban areas, population growth and economic development are
all major phenomena in modern civilisation that have not only improved human well-
being but also increased resource consumption and waste generation (Chen, 2018).
According to Chan (2020), waste can accumulate as a result of raw material
deficiencies, which eventually end up being treated as scrap and rendered unusable.
Moreover, while waste is an inevitable by-product of daily human activity, it is also a
consequence of poor manufacturing processes and techniques, and the perpetual
generation of waste further contributes to the depletion of vital resources. This is a
severe issue, especially in countries that are emerging, such as South Africa, where
the potential to manage such waste is constrained. Developing countries generate less
waste per capita than countries with a higher level of development, but the ability to
control landfills, re-use and recycle waste in an effective and sustainable manner can
be extremely difficult (Ahsan, Alamgir, El-Sergany, Shams, Rowshon and Daud,
2014).

Waste is generated in many different forms, namely solid, liquid, gaseous, and is
classified based on various sources such as waste materials from industry, agriculture,
commerce, demolition and construction, mining and households. It consists of diverse
substances with both hazardous and innocuous properties. The state of waste and

what it entails is briefly explained below:



Solid waste: refers to various categories of waste created by businesses,
industries and domestic activities. This waste can be managed in a number of
ways (Leblanc, 2020). Non-recyclable glass, paint residue, oil-contaminated
waste, automobile tyres and electrical elements are all examples of industrial
solid waste (US Waste and Recycling, 2018);

Liquid waste: is a term used to describe any form of liquid waste classified as
hazardous waste that can cause destruction if the pH-value is less than or equal
to 2, or greater than or equal to 12.5 (Environmental Hazards Services, 2022).
Several industries utilise sodium hydroxide, which has a high pH level, or
hydrochloric acid, which has a low pH level, to clean or degrease metal
parts. Solvents, cleaning fluids pesticides and certain by-products of
manufacturing processes are highly flammable and are all examples of liquid
waste (Kanagamani, Geethamani and Narmatha, 2020); and

Gaseous waste: refers to emissions that contain harmful gases like dioxins,
along with acid gases like sulphur oxides (SOx) and nitrous oxides (NOx)
(Dmitrienko, Nyashina and Strizhak, 2018). Gases that are emitted when
phosphate rocks are processed with acid, such as hydrogen chloride gases,
are extremely acidic and severely corrosive. Zubair and Adrees (2019)
emphasised that “volatile organic compounds are considered a common
category of hazardous waste because they can be flammable, environmentally
hazardous, or even carcinogenic. They also contain solvents with halogens like
trichloroethylene and chloroform as well as nonhalogenated light solvents like

methanol”.

According to Chertow, Krones and Li (2020), as a probable secondary resource base,
industrial waste that is not hazardous has not received the same amount of interest.
Non-hazardous waste from industry forms a substantial waste flow by volume and
consists of by-products generated by manufacturing processes that do not gravely
endanger humans or the environment, such as specific waste from pulp and paper,
foundry sand, or non-hazardous inorganic chemical wastes. Hazardous waste
management has gained much scrutiny over the years and is critical for maintaining a

healthy environment. It necessitates a high level of monitoring and management since
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humans interact with it daily. According to the World Health Organisation (2023), a
simple action like burning hazardous waste has been discovered to release dioxins,
which are amongst the most hazardous substances known. Excessive human
exposure to high levels of dioxins for only a limited amount of time may result in skin
lesions as well as altered liver function.

Prolonged exposure has been associated with immune system disorders, amongst
other things. Hazardous waste is mainly generated by industries that manufacture
chemicals, petroleum and coal products, pesticides, fertilizers, iron and steel, and
waste treatment and disposal (The World Counts, 2022). According to the Department
of Health, State Government of Victoria, Australia (2021), hazardous waste refers to
any substance or item that may endanger public health or the environment and thus
necessitates careful handling and treatment. According to the Environmental Hazards
Services (2022), in order to determine how to handle produced waste appropriately, it
is imperative that one can identify which categories hazardous waste belongs to. The
identification of hazardous waste is based on the characteristics that it exhibits, as
listed below:

e Ignitability: refers to waste that is combustible and that has the potential to start
a fire. Examples of this include liquids that have points of contention lower than
60°C or 140°F, as well as non-liquids that have the potential to ignite under
specific circumstances, and gases that have been compressed.

e Corrosivity: According to Environmental Hazards Services (2022), this is a term
for “waste (typically acids and bases) that can rust and decompose and has the
ability to melt through steel materials. Examples of these include aqueous
wastes with an acidity level equal to or less than 2 pH (power of Hydrogen) or
equal to or greater than 12.5 pH”.

e Reactivity: refers to waste that is precarious and hazardous under
typical conditions. This includes waste that has the potential to detonate and
emit greenhouse gases.

e Toxicity: is a term used to describe waste that, when ingested or absorbed, is
fatal. Batteries containing lithium-sulphur and other substances that are toxic if

consumed are examples of these.
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The generation of waste remains a major source of concern internationally, whether it
was intended for trade, used for recycling, to be repaired, or purified using a process
other than the one that created the product (Chandler, Eighmy, Hjelmar, Kosson,
Sawell, Vehlow and Sloot, 1997). Industrial production and distribution systems are
being placed under pressure due to the intensifying demand for goods, which
negatively affects both the ecosystem and society. As a result of increased pollution
and environmental disasters caused by factory operations, academics and business
professionals are being compelled to focus more on sustainable production methods

and utilisation issues (Rajeev et al., 2017).

2.3 Legislation, policies and declarations governing waste

management in South Africa

In South Africa, there are more than one legal definitions of waste (Oelofse and
Godfrey, 2008). This not only complicates the classification of materials as waste, but
also causes discord among industry and government officials dealing with waste
management issues. This hinders the successful implementation of the waste
hierarchy, which aims to divert waste away from landfills by encouraging sustainable
waste recycling and re-use. According to the National Environmental Management
Waste Act (NEMWA), waste refers to any substance, material or object, that is
unwanted, rejected, abandoned, discarded or disposed of, or that is intended or
required to be discarded or disposed of, by the holder of that substance, material or
object, whether or not such substance, material or object can be re-used, recycled or
recovered and includes all wastes as defined in Schedule 3 to this Act (Government
Gazette, 2014). The phrase waste management also refers to the regulations and
systems that govern waste management. This includes disposal, recycling, and re-
use, among other things. While there are different definitions of what is waste, for the
purpose of this study an all-encompassing definition of waste was adopted to promote
environmental protection through the application of the precautionary principles. This

study considers all types of waste generated through manufacturing processes.

According to Jeyabharathi, Thava, ldas, and Sangeetha (2021), when waste

generation increases in volume, it results in challenges associated with finding new
12



disposal sites; proper waste disposal techniques, collection, and management
methods are required. Numerous regulations have been enacted in response to
concerns about the need to efficiently manage waste flow and its acceleration.
Moreover, the United Nations Environment Programme (2022) stated that “one of the
greatest global challenges is to integrate environmental sustainability with economic
growth and welfare by decoupling environmental degradation from economic growth
and doing more with less”. In 2015, the 2030 Agenda for Sustainable Development
was established with the objective of achieving the Sustainable Development Goals
(SDGs) set forth by all UN Member States (United Nations, 2015). The Sustainable
Development Goals (SDGs) comprise seventeen objectives that are centered around
three main objectives: eradicating poverty; safeguarding the environment and planet;
and enhancing the social and economic well-being of the global population. Although
all the SDGs are important, the National Waste Management Strategy (2020) is
unambiguously reactive to Sustainable Development Goal 12 on Responsible
Consumption and Production (Department of Environment, Forestry and Fisheries,
2021). SDG 12 enacts waste-reduction initiatives, promoting recycling and re-use. It
also enhances public awareness initiatives and encourages sustainable production
and consumption patterns (United Nations Environment Programme, 2022). The
failure to achieve sustainable development goals could pose an adverse effect on the
environment and exacerbate issues such as hunger and poverty. Furthermore, there

may be negative effects on well-being and economic growth.

According to Pandey (2019), prior restrictions prohibited potentially hazardous waste
in liquid form with calorific values greater than 20 megajoules per kilogram (MJ/kg)
from being disposed of in landfills. As specified in the Waste Act of South Africa, the
prohibitions were aimed at accomplishing secure landfill activities, waste recycling and
environmental preservation (waste hierarchy). An example of a regulation designed to
protect the environment is the KwaZulu-Natal Policy for the effective disposition of

Pharmaceutical waste (Department of Health, KwaZulu-Natal, 2016):
e all disposal and subsequent destruction of chemical or pharmaceutical waste
must be in compliance with applicable provincial laws and local municipal

ordinances. Any individual who is accountable for the disposal of
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pharmaceutical waste may be requested to demonstrate that the method used
was constitutional;

if the Director General of Health provided legal authorization, the individual in
guestion must present a certificate of destruction and, in the instance of a South
African Police Services (SAPC) officer, a reference number for the case. This
documentation must be retained for a period of 5 years;

all forms of pharmaceutical medication and prescribed drugs must be discarded
of in an acceptable manner that does not encourage recovery or accessibility;
and

all quantities destroyed must be declared by the individual accountable for the
destruction. On the day of destruction, an appropriate form or register must be

completed, with reference to the obliteration certificate or case number.

The objectives of the South African National Environmental Management Waste Act

no. 59 of 2008 are as follows:

“to reform the law regulating waste management to protect health and the
environment by providing reasonable measures for the prevention of pollution
and ecological degradation, and for securing ecologically sustainable
development;

to provide for institutional arrangements and planning matters;

to provide for national norms and standards for regulating the management of
waste by all spheres of government;

to provide for specific waste management measures;

to provide for the licensing and control of waste management activities;

to provide for the remediation of contaminated land; and

to provide for compliance and enforcement”.

Policies aim to move waste up the waste management hierarchy toward re-use,

recycling and reduction (Godfrey and Oelofse, 2017). Section 18 of the National

Environmental Waste Act (2008) emphasizes the need for manufacturing

organisations to accept accountability for where their goods end up. According to

mandatory guidelines pertaining to the extended producer responsibility (EPR)
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framework, manufacturers are accountable for the goods and packaging they
produce throughout the duration of the product's existence. The National
Environmental Waste Act 18 (2008) requires producers to implement the Extended
Producer Responsibility measures listed below:

(a) “establish and implement an extended producer responsibility scheme or join
another scheme;

(b) be fully accountable for the performance of the extended producer responsibility
scheme;

(c) finance the extended producer responsibility scheme;

(d) develop and maintain a system to collect the extended producer responsibility fees;
(e) conduct internal audits and make these audit reports available to the Department
upon request;

(f) make the internal biannual audit reports available to the external auditor;

(9) appoint an independent financial auditor for each year;

(i) audit the financial records;

(ii) include the internal bi-annual audit results in the annual audit report; and

(iii) submit this audit report to the Department within 30 days after completion of the
audit report;

(h) develop and maintain a register of its members;

(i) develop and manage the data collection system,;

() collate and submit the aggregated data to the South African Waste Information
System as required in Regulation 8 of these Regulations;

(k) conduct a life-cycle assessment in relation to the product, in accordance with the
relevant South African Bureau of Standards or International Organisation for
Standardization standards (14040 and 14044);

() through the life-cycle assessment factor changes in the design, composition or
production process of a product that will result in:

(i) reduction in the consumption of natural resources;

(i) design of more environmentally friendly products;

(i) waste prevention;

(iv) reduction of the volume of the resulting post-consumer waste stream; and

(v) reduction of toxicity of the resulting post-consumer waste stream;
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(m) tender and contract for the collection, recycling and recovery of waste;

(n) document collection, sorting, recycling and recovery of waste;

(o) control all services that have been awarded to service providers in particular, these
services include the fulfilment of collection and recycling by waste management
companies;

(p) establish new infrastructure to promote the effective implementation of the
extended producer responsibility scheme;

(q) utilise existing infrastructure for waste management where feasible;

(r) utilise new and existing infrastructure across schemes and for multiple waste
streams in a collaborative manner where feasible;

(s) promote small businesses;

(t) develop a broad-based black economic empowerment (BBBEE) transformation
charter within the waste sector of the products identified in the Notice published in
terms of section;

(u) implement transformation within all levels of the value-chain, including
transformation targets with BBBEE charter time-frames;

(v) develop and establish secondary markets for recyclable materials;

(w) implement mandatory take back of all their products at the end of its life; and

(x) implement environmental labels and declaration for the identified products in
accordance with SANS 14021, SANS 14024 and SANS 14024 .

The ERP scheme applies to a wide range of products, including various light bulbs,
solar panels, single-use items, vinyl-based materials, metallic items, glass packaging,
automobile lights, toys, TV and computer screens, and an array of domestic
appliances, electronic equipment packaging, plastic, paper and lighting (Department
of Forestry, Fisheries and the Environment, 2021).

The Environmental Protection Act (EPA) of 1990 obliges local government agencies
to collect waste responsibly and addresses issues related to waste on land. It
illustrates all aspects of waste management. Businesses have a responsibility to
dispose of waste in a legal manner safely. Under Section 34 of the Environmental

Protection Act of 1990, persons who handle waste have an obligation to exercise
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caution. The obligation of caution should be exercised by anyone who generates,
transports, stores, imports, treats or discards controlled waste, or as an agent who
exercises authority over such waste and emphasizes the significance of effective
waste management by both waste producers and the waste industry (Creamer Media,
2019). According to Kate Stubbs (2020), the business development and marketing
director of Interwaste stated that since more waste streams are subject to this ban
every year, it is imperative that organisations support the regulation and make the
necessary efforts to comply with it. On August 23, municipal laws prohibited the
disposal of any liquid waste in landfills, signalling a significant shift in South African
waste regulations. The banning of liquid waste from landfills that occurred in August
2019 advocates for alternative and more sustainable waste management systems to
be implemented in South Africa (Creamer Media, 2019).

SADC (2019) stated that “in line with the Paris Agreement, sustainable management
of the environment for socio-economic development in the region is assured through
the implementation of programmes on Climate Change, biodiversity, waste
management, sustainable development, the SADC Regional Green Growth Strategy
and Action Plan and the Sub-Regional Strategy at Combating Desertification”.
According to SADC (2012), the increasing frequency of waste generation; the
inadequate ability to manage the large volumes of waste; the substantial expenses
associated with waste management a shortage of appropriate disposal technology;
the scarcity of human resources and machinery; and inadequate enforcement are all
understood by SADC as significant contributors to the region's poor waste
management. As a consequence of these issues, most SADC countries have frequent
unregulated disposal of domestic and industrial waste (SADC 2012). In an effort to
tackle these obstacles, the countries that make up SADC have pledged to continue
advancing efficient conservation of the environment through pollution control, waste
management and education on the environment. This includes education and training
on pollution and waste caused by urbanisation and industrialisation, in addition to the
implementation of pollution prevention efforts and projects for industrial and residential
waste management (SADC 2001).
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2.4 The importance of South Africa’s manufacturing sector

The Department of Trade and Industry's Director General claims that the South African
government has acknowledged the importance of the manufacturing industry in
achieving the country's goals for economic development (South African Government
News Agency, 2018). Hayes (2022) agrees and states that the capacity to produce
goods has a significant impact on a nation's wealth and development. Manufacturing
is a vital aspect of industry in South Africa, not only to supply goods for the
marketplace, but also to drive the economy.

Unemployment is one of South Africa's most pressing issues. The unemployment rate
amongst young South Africans aged 15 to 34 years old was 38.2% in the first quarter
of 2018, which suggests that at least one in every three young people in the job market
was unemployed, according to the Department of Trade and Industry (2019).

Figure 2.1: The Manufacturing industry’s share of total employment in South
Africa, 2008-2017
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Between the period 2009-2017, the manufacturing industry represented
approximately 11 per cent of all workers in South Africa, which reduced from 14 per
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cent in the year 2008, as demonstrated in Figure 2.1. Moreover, although the general
level of employment in the economy of South Africa has been rising since 2011, the
manufacturing sector's employment share remained consistent at roughly 11 per cent

for the eight years leading up to 2017 (The Department of Trade and Industry, 2019).

In the fourth quarter of 2021, nearly 1316 million people in South Africa were employed
by the manufacturing industry of South Africa. The sector consisted of the fourth
highest number of employees, following the Community and social services sector, the
Trade sector and the Finance sector (Galal, 2022). The vast majority of the technical
workforce in the manufacturing industry is comprised of artisans, the majority of whom
belong to the basic metals sector. Additionally, approximately 24.4 per cent of South

African women work in the manufacturing sector in craft and trade positions.

According to Statistics South Africa (2022), in 2020, despite the Coronavirus pandemic
that had disrupted the economy, thirteen per cent of the nation's GDP and nearly fifty
per cent of its export revenue were generated by the manufacturing sector in South
Africa. Basic iron and steel products generated R65.9 billion, that is 9.5 per cent of the
total that year, while food production generated R60.7 billion, that is 7 per cent.
Nonetheless, the production of automobiles, valued at nearly R165 billion (23.7 per
cent), emerged as the mainstay. In 2021, South Africa's economic value for production
as a percentage of gross domestic product was estimated at 11.7 per cent (Trading
Economics, 2022) and in 2018, the sector contributed approximately 14 per cent to the
gross domestic product (Statistics South Africa, 2018). The disadvantages of this are
that whilst the manufacturing sector contributes significantly to the GDP, it

simultaneously contributes to pollution and hence environmental degradation.

2.4.1 Waste management practices and procedures in South Africa

The term "waste management" describes the guidelines and processes which regulate
the management of waste. This encompasses disposal, recycling and re-use (Jee and
Shagufta 2010). Jeyabharathi, Thava, Idas and Sangeetha (2021) state that “when
waste generation rate increases it leads to issues of finding new disposal places,

proper waste disposal, collection and management methods are needed.
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Management of waste includes proper collection, segregation and recycling of
discarded wastes in an environment friendly manner”. Waste management is an
approach that encompasses necessary waste management activities, including waste
collection, transportation and disposal. Its primary goal is to reduce waste from
unusable materials while avoiding potential environmental and health risks
(Compactor Management Company, 2022). According to Godfrey, Tawfic Ahmed,
Giday Gebremedhin, Katima, Oelofse, Osibanjo, Henning Richter and Yonli (2019),
the economic benefit that waste can contribute to the local economy is being
overlooked as a result of the manufacturing sector's current waste management
practices. Since waste is discarded in landfills and dumpsites, the African economy
forfeits a vast number of valuable resources such as metallic substances, minerals,
fibore from paper, waste from plastics, and useful polymers from organic waste.
According to Stubbs (2020), 90 per cent of the 108 million tons of waste that South
Africa generates annually continues to be deposited in landfills and only 10 per cent is
recycled. Therefore, the management of waste in South Africa is a huge concern
necessitating major consideration. Taking cognisance of these statistics, South
Africa’s landfills are fast approaching full capacity. These statistics reflect an urgent
focus on diversion from landfill, finding alternative uses and revenue streams, and a

commitment to adhering to legislative frameworks.

According to Linnenkoper (2019), the waste management industry in South Africa was
worth around ZAR 25 billion (EUR 1.4 billion) in 2019. The country recycles more than
70% of used metal beverage cans, whereas glass and plastic packaging are recycled
at 42% and 30%, respectively. South Africa transmits approximately 95 million tons of
waste to its 826 landfill sites, with under 40 per cent of the materials being recycled.
Furthermore, the country generates more than 65 million tons of hazardous waste,
only six per cent of which is recycled. According to Creamer Media (2019), during
2017, “regulations state that hazardous liquid waste with high CV exceeding 20 MJ/kg
— such as refinery waste, chemical processed paint waste, hydrocarbon contaminated
liquids, sludges and chemical solvents — ought to have been progressively banned
from landfills”. However, in August 2019, a significant modification transpired in South

African waste laws when local legislation prohibited the disposal of all liquid waste in
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landfills. Landfills are overflowing, unlawful dumping is occurring, and a considerable
guantity of natural resources used is being squandered (Afrika, Oelofse, Strydom,
Mvuma and John, 2018; Department of Forestry, Fisheries and the Environment,
2018). As stated by Ndubisi, Zhai and Lai (2019), manufacturing industries are major
emitters of toxic Greenhouse gases, and they also account for the depletion of a
significant portion of the world's resources, whilst consuming approximately 61 per
cent more energy than non-manufacturing industries. Although the industry promotes
economic expansion, there are costs associated with this growth, particularly for the

welfare of society and environmental wellbeing.

The following two diagrams illustrate the waste management hierarchy of the
Department of Environment, Forestry and Fisheries in South Africa. The hierarchy
concentrates on waste minimization, waste prevention and waste as a resource, which
are three of the main tenets of South Africa's National Waste Management Strategy
(2020). The waste management hierarchy indicates that not all materials and waste
streams can be managed by a single waste management strategy in every scenario.
The hierarchy prioritizes the environment when ranking the various management
philosophies. In the hierarchy, reduction, re-use, recycling and recovery are ranked as
crucial elements of sustainable materials management (Environmental Assurance,
2020).

Figure 2. 2: Waste Management Hierarchy of the Department of Environment,
Forestry and Fisheries (DEFF, 2020)
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Waste Management Hierarchy (DEFF, 2020)

Figure 2. 3: National Waste Management Strategy of South Africa (2020)
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Waste management hierarchy. Integrated Waste Management Plan version 2 (2021-
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Waste minimisation opportunities: According to the hierarchy above, recycling
needs to be more actively addressed, specifically in terms of waste minimization
and promoting waste-to-energy and composting as alternative solutions to
discarding organic waste in landfills. Waste-pickers also help reduce waste
since they perform the vital first step in gathering re-usable and recyclable
materials out of the waste stream and beginning their re-valuation. A segment
of the value-chain involves reducing production expenses by minimizing waste
or substituting less expensive recovered and recycled materials for virgin ones,
or converting waste into capital by means of recycling and re-use.

The prevention of waste is given priority in the waste management hierarchy as
it focusses on product design and packaging, as well as cleaner production
methods to prevent and minimise the generation of waste before products and
resources are thrown away or become waste. Manufacturers can eliminate the
"take-make-use-dispose" linear pattern by adopting circularity during the design
phase, but the environmental impacts associated with manufacturing are still
decided upon during this phase.

The application of waste as a resource emphasizes the development of a
secondary resource economy through the recovery and recycling of materials
and energy from waste. The circular economy has the capacity to substantially
decrease the expenditure of raw material across the value-chain and production
processes; establish new business opportunities; keep the industry competitive
over a prolonged period of time; and shift it toward sustainability. A critical
component of waste management hierarchy practices involves giving
precedence to recycling waste for the re-use and recovery of materials over the

recovery of energy from waste.

There are numerous benefits of properly applying the waste hierarchy. It can help to
reduce emissions of greenhouse gases, pollution, consumption of energy, preserve
resources, create employment opportunities, and promote sustainable technological
advancement (DEA, 2017:27). According to Creamer (2019), effective waste
management techniques must contribute to sustainability. Eco-friendly waste

management systems prioritise waste management and prevention, encourage
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energy recycling, and promote the shift from an economic model that is linear to a
circular economy (Pulselli and Zuo, 2022). The authors further contend that the scope
of waste management must encompass the following aspects:

e Circular economy

e Minimisation of waste

¢ Recycling, re-use and re-manufacturing

e Generation and characterisation

e Relevance to carbon peak and carbon neutrality

e Treatment solutions (mechanical, biological, chemical, thermal, other)

e Conveyance and transference

e Waste disposal in its final stages

e Environmental and Life-Cycle Assessments

e Systems for accounting and economic analysis

e Governance, policy and regulations

e Education, social and engagement initiatives

e Sustainable development and system-based approach

Poor waste management affects the Triple bottom-line is a social, economic and
environmental issue that South Africa and other African countries must address. The
guantity of toxic waste has increased significantly in accordance with rising populations
and immense industrial development. Thor Chemicals, a United Kingdom (UK)
controlled organisation, has been operating in Cato Ridge, South Africa, since the
1970s, when environmental regulations were far laxer than in the UK. The primary
operations of Thor Chemicals were to manufacture a paint additive containing mercury
that was subsequently banned. They also ran a trade-back program through which
they claimed to recover mercury-rich waste from other companies. However, a South
African waste management company known as Ground Work interpreted their true
intention as illegal dumping. In 2020, tests were conducted on former employees and
the results revealed that they were exposed to elevated levels of mercury. Nearly half
of the 104 employees at Thor had since passed away. A former employee at Thor
Chemicals, Mr. Khanyile, provided details of the perilous working conditions he

encountered while working at Thor Chemicals with mercury effluents. South Africa has
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a severe waste management problem that needs immediate attention as billions of
tons of hazardous waste are generated annually. However, just a tiny fraction of this
waste is appropriately treated and disposed of. According to Betti, de Boer and Giraud
(2022), the cornerstone of eco-sustainability is the commitment to using energy-
efficient methods, water conservation, reducing carbon emissions, and proper waste

management.

Some of the biggest drivers of waste are urbanisation, population growth, a lack of
compliance and general behaviour towards managing waste effectively (Infrastructure
News, 2022). Correspondingly, due to the rising volumes of processed commodities,
there is an even larger need to regulate waste output in South Africa. The resurgence
of recycled resources into local value-chains, which includes fibre, metals, polymers
and nutrients, inter alia, has the potential to boost the manufacturing industry's
economy while reducing financial strain on imports. Government, business, and civil
society must act swiftly to regulate waste by capitalising on the benefits that waste
presents as a renewable resource (Godfrey, Ahmed, Gebremedhin, Katima, Oelofse,
Osibanjo, Richter and Yonli, 2019).

According to Abdel-Shafy and Mansour (2018), some of the most significant
challenges are poor collection and disposal services; unmonitored waste management
practices; unconstitutional dumping of waste; inadequate management of information
pertaining to waste; and a lack of enforcement of the applicable waste regulations.
Taking these concerns into account, the National Waste Management Strategy
(NMWS) encourages waste reduction, re-use and recycling (Dlamini et al., 2019).
Furthermore, as individuals and businesses grow conscious of these challenges, the
transition from disposal at landfills to viewing waste as a valuable resource will be
emphasized.

According to the results of a survey conducted during November 2018 amongst
manufacturing organisations located at the Isithebe Industrial Estate in KwaDukuza,
KwaZulu-Natal, the main waste produced was plastics, metal and wood (iLembe
Chamber of Commerce and Tourism, 2019). The study also found that in excess of

360 tons of wood waste was generated each month. While some of the waste is
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provided to the residential neighbourhood, the majority of it is dumped in landfills.
There is also a great opportunity for improvement in terms of water harvesting, as
many organisations lack water harvesting tanks and machinery. According to one of
the respondents, their organisation used approximately 6 million litres of water each
month, 60 per cent of which is returned to the malt-producing process and 40 per cent
(2.4 million litres) is lost /wasted (iLembe Chamber of Commerce and Tourism, 2019).

In 1996, the International Organisation for Standardisation developed the ISO 14001
Environmental Management System (EMS) standard as a structure for the
management of environmental issues (Yin and Schmeidler, 2008). The International
Standards Organisation (ISO) 14001 assists organisations in quantifying, monitoring
and mitigating their environmental impact. By monitoring the use of energy, waste, and
renewable resources, companies can enhance the credibility of their brand, increase
their chances of attracting new customers, and find ways to reduce costs (QMS
International, 2022). It requires that an organisation be certified by a third-party
independent auditing body, thus ensuring that the EMS conforms to the guidelines
stated in the ISO 14001 standard (Darnall, 2006). The ISO 14001 standard requires
organisations to establish the following (Dwarika, 2015):

e an environmental policy;

e set objectives;

e set targets;

e develop and implementation plan;

e monitor and measure system’s effectiveness;

e correct problems; and

e conduct reviews for continuous improvement.
Dwarika (2015) stated that "the primary purpose of this standard is to progressively
manage environmental impacts while ensuring that objectives and targets are met. It
assists in inspecting the environmental operations and performance more especially
when frequently revised to continuous improvement”. In order to promote continuous
improvement, 1ISO 14001 mandates that the Environment Management System be
audited, and that top management regularly evaluate the suitability and efficacy of the
EMS (Morrow and Rondinelli, 2002).
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According to Gourley (2020), the waste disposal process has a significant human and
environmental impact as it wastes human labor and risks exposing workers and
communities to hazardous waste materials. While a number of waste management
techniques are implemented across the African continent, incineration is the most
preferred technique because it can quickly reduce waste by as much as 90 percent
and use the heat it generates for boilers and to produce energy (Ansari, Enrampoush,
Farzadkia and Ahmadi, 2019). Ansari et al. (2019) and Omwoma, Lalah and Kueppers
(2017) state that the residuals and hazardous emissions released by burning these
types of waste outside are harmful to the environment.

According to preliminary research, diverting waste from landfills and re-using, recycling
and recovering it could strengthen the African economy by an additional US$8 billion
per year, whilst also creating significant opportunities for socio-economic
development. Moreover, this would address the negative environmental and human
health consequences of inadequate waste disposal methods (Oelofse, Nahman and
Godfrey, 2018). As a result, waste represents a significant opportunity for the continent
if it can be effectively collected and channelled towards re-use, recycling and recovery.
The following are some examples of waste management methods:

e Preventing or minimising the generation of waste: Frequent use of novel or
superfluous products leads to uncontrolled waste generation. Utilising second-
hand goods or using existing ones carefully is required due to the growing
population as there is a risk that toxic wastes will harm both people and the
environment;

e Recycling: refers to the conversion of wastes into items that belong to a
corresponding category through manufacturing processing;

e Incineration: refers to the burning of wastes, aimed at transforming them
into raw materials, with the extracted heat being conserved for future energy
development. Common by-products include various gases and inert ash;

e Composting: refers to the disintegration of organic substances by micro-
organisms caused by the accumulation of waste in an excavation for a

prolonged period of time. The biological refurbishing vastly improves soil
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fertility, and the nutrient-dense compost is frequently used as plant fertilizer, but
the process is laborious and requires a considerable area of land;

e Sanitary Landfill: refers to a method of discarding waste on land that does not
harm the ecosystem or public health. A protective lining is used to prepare the
base, which keeps hazardous chemicals out of the water zone and serves as
an intermediate layer between the waste and the groundwater. Subsequent to
the compacting the layers of waste, an additional layer of sand is applied;

e Disposal into the Ocean/Sea: According to the Compactor Management
Company (2022), “wastes generally of a radioactive nature are dumped in the
oceans far from active human habitats. However, environmentalists are
challenging this method, as such an action is believed to spell doom for aquatic
life by depriving the ocean waters of their inherent nutrients”; and

e Plasma Gasification: As defined by the Compactor Management Company
(2022), “plasma gasification is an environment-friendly waste disposal method.
It is used to convert commodity recyclables extracted from municipal solid
waste in the landfill into energy. The carbon-based materials are exposed to
high temperatures and transformed to syngas, a gas that can either be directly
combusted or further refined into chemicals and higher-grade fuels”.

Numerous untapped waste management strategies can be used in iLembe, where
much more has to be done to reduce natural resource usage and mitigate climate
change. The iLembe Chamber of Commerce and Tourism (2019) reported that in the
Isithebe Industrial Estate, the local municipality played a limited role in the collection
of waste as 29 per cent of the businesses use their own means of removing their
waste. This is a potential avenue that informal operators can use through being
sponsored by companies as waste collectors or waste-pickers (Profile: iLembe District
Municipality, 2020).

According to iLembe Chamber of Commerce and Tourism (2019), the Isithebe
Industrial Estate generates a variety of main and secondary waste products that may
be used as input material in other businesses, or recycled and re-used. However, from
the list of companies that produce secondary waste streams, only two were interested

in engaging with informal waste collection strategies and four of them believed that
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existing or other third-party recyclers could benefit from their waste outputs. This could
be a result of security reasons or types of waste, that is, hazardous.

2.5 Greenhouse Gas (GHG) Emissions

Means and Lallanilla (2021) stated that “the phenomenon of global warming and
climate change is caused by an increase in greenhouse gases in the earth’'s
atmosphere”. To achieve greater sustainability, the conventional corporate model of
the manufacturing industry must be completely restructured, with a focus on reducing
waste generation and greenhouse gas emissions through carbon-free emissions and
recycling techniques (Beier, Niehoff, Ziems and Xue. 2017). The Inter-governmental
Panel on Climate Change (IPCC) (2020) stated in their ‘special reports’ that over the
past 150 years, industrial activities have elevated the amount of carbon dioxide in the
atmosphere from 280 parts per million to 416 parts per million, and there is a greater
than 95 per cent chance that human-generated greenhouse gases, such as methane,
carbon dioxide and nitrous oxide, amongst other things, have contributed to much of
the observed increase in the earth's temperature. The mitigation of climate change by
reducing greenhouse gas (GHG) emissions has become a critical strategy. Significant
and sustained reductions in pollution and other greenhouse gas emissions must occur
in order to limit climate change and environmental degradation. In particular,
international initiatives aim to achieve net-zero emissions of carbon dioxide (CO2)
worldwide by 2050 (IPCC, 2021).

The contribution of global carbon emissions from African countries are relatively
miniscule when compared to that of other countries. However, South Africa, Morocco,
Algeria, Nigeria, Libya and Egypt account for more than 80% of Africa’s emissions
(Ayompe, Davis and Egoh, 2020). Saleh (2022) stated that “in 2020, South Africa was
ranked the most polluting country in Africa. During that year, it emitted nearly 452
million metric tons of carbon dioxide (CO2) and Egypt ranked second by approximately
213 million metric tons of CO2 emissions”. Despite its major economic contribution, the
manufacturing industry is also a significant emitter of greenhouse gases (GHG), which
contributes to climate change. Tongwane and Moeletsi (2021) stated that “road
transport produces over 50 million tons of carbon dioxide equivalent (Mt COze) in
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South Africa. Motor vehicles are the largest contributor with 45.74 per cent of the road
emissions and their contribution is growing daily. Their emissions are currently growing
at over 3 per cent per year. Heavy-duty vehicles are the second largest source of
emissions. If unmitigated, GHG emissions from road transport are projected to be
more than double by 2050”. According to the most recent IPCC assessment, negative
emissions technologies (NETSs) are crucial in limiting the rise in global temperature to
two degrees Celsius at reasonable cost. Nevertheless, no reliable, transparent
or systematic evaluation of the literature exists during this period for various
greenhouse gas removal alternatives (Fuss, Lamb,
Callaghan, Hilaire, Creutzig, Amann, Beringer, Garcia, Hartmann, Khanna, Luderer,

Nemet, Rogelj, Smith, Vicente, Wilcox, Dominguez and Minx, 2018).

According to the Intergovernmental Panel on Climate Change (IPCC) (2022), also
known as the United Nations body for assessing the science related to climate change,
all facets of society would need to undergo swift, profound and uncommon changes if
global warming were to be limitedto 1.5°C. Moreover, maintaining a more
environmentally conscious and sustainable society may be closely associated with
actively keeping global warming at 1.5°C rather than 2°C, which has distinct
advantages for both people and the environment. According to the report, regulating
the global temperature rise to 1.5°C would require extremely fast and broad changes
in industry, energy and land, amongst others. By 2030, the global net carbon
emissions are required to be reduced by approximately 45 per cent from 2010 levels,
to ultimately reach "net zero" around 2050. This implies that any additional emissions
must be compensated for by eliminating COz from the earth's atmosphere (IPCC,
2022).

National Geographic (2019) stated that “greenhouse gases have far-ranging
environmental and health effects that causes climate change by trapping heat, and
they also contribute to respiratory disease from smog and air pollution. Extreme
weather, food supply disruptions, and increased wildfires are other effects of climate
change caused by greenhouse gases”. Carbon dioxide, nitrous oxide, methane and
various synthetic chemicals are substantial GHGs, and their origins are discussed
below (US EPA, 2020):
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e carbon dioxideis widely considered to be the most significant human-
induced greenhouse gas as it emerges naturally as an essential component of
the earth's overall carbon cycle. However, human activities have exacerbated
atmospheric pressure through the combustible process of fossil fuels and other
sources of air pollution;

« methane is generated by an array of processes, such as digestion in livestock
and agriculture; the mining of coal; generation and distribution of natural gas;
the disintegration of landfill waste; and the activities of human beings;

e nitrous oxide is emitted into the atmosphere during industrial, agricultural and
solid waste combustion processes, in addition to fossil fuel combustion;

e Vvarious synthetic chemicals, such as chemical solvents, peroxides and
sulphur compounds, amongst other synthetic gases, are released into the
atmosphere as a consequence of commercial, industrial or household uses;
and

e« many other gases have a reputation for retaining heat in the atmosphere.
Water vapor, which naturally exists as a component of the global water cycle,
and ozone, which naturally occurs in the stratosphere and is primarily found in
the troposphere as a consequence of human activity, are two prominent

examples.

De-carbonization levers across the manufacturing sector would include a significant
shift to green hydrogen and biomass beyond 2030 in order to substitute natural gas
as an energy source and feedstock in several chemical and industrial processes. For
example, in South Africa, the manufacture of virgin steel via hydrogen direct reduced
iron could reach 60 per cent of production by 2050, saving around 23 MtCO2 e, while
all other steel production could switch to the biofuel process, leading to an 81 per cent
reduction of GHG emissions in that industry by 2050 (Ford, 2021). As an additional
example, according to Alexander and Tonachel (2016), electric vehicle technologies
are still uncommon and not as widely adopted in South Africa as they are in other
countries. However, despite this, their market is anticipated to expand gradually and
their ability to reduce greenhouse gas emissions will improve. South Africa's

production of electric vehicles is predicted to cut emissions by a fifth when compared
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to baseline levels from 2020 to 2050. In contrast, this amounts to merely one-third of
what their counterparts with internal combustion engines have contributed, as the latter
have consistently raised their fuel efficiency rates. However, their annual percentage
of reduced emissions will be higher than that of vehicles with internal combustion

engines by 2050 (Tongwane and Moeletsi, 2021).

According to Statistics South Africa (2018), the manufacturing industry is accountable
for a significant portion of global resource utilisation and waste generation, whilst
consuming approximately 61 per cent more energy than non-manufacturing industries.
They are also major emitters of greenhouse gases, which contributes to climate
change (Nova, 2018). Greenhouse gas emissions result in global warming and climate
change, causing, amongst other things, severe weather patterns, rising sea levels,
melting glaciers, and freshwater scarcity (Department of Forestry, Fisheries and the
Environment, 2021). In addition, research has revealed an explicit
correlation between pollution and diseases such as heart disease, cholera, lung
cancer and hepatitis.

Badjatya, Akca, Alvarez, Chang and Kawashima (2022) stated that the cement
production industry comprises one of the largest sources of carbon dioxide (CO2)
emitted by human beings, and it is a complicated sector to decrease its carbon
footprint, which serves as a major barrier to attaining global targets to reduce
greenhouse gas emissions. The authors further claimed that in response to this issue,
a study was conducted to identify the critical phases in a sustainable method of
converting the abundant magnesium (Mg2+) ions in seawater into carbon-neutral
cement. If the electricity used to power the electrochemical reactors employed to
harvest Mg2+ is obtained from carbon-free sources and the CO2 consumed by the
process is obtained from the atmosphere or ocean, this process has the potential to
transform one of the world's most carbon-intensive industries into one of the largest

carbon sinks on earth.

A Lean, Energy and Climate Toolkit was developed by the US Environmental
Protection Agency (EPA) to aid organisations in enhancing operational efficiency

through lean manufacturing practices, all while decreasing their energy and
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GHG emissions. The following are some examples of energy reduction activities
(United States Environmental Protection Agency, 2011):

e identifying and implementing recommendations made by staff members to
minimise waste and conserve energy through rapid improvements in
production processes;

e incorporating energy-saving techniques into routine maintenance tasks to
ensure the efficient and effective functioning of machinery and operations;

e identifying and replacing inefficient and oversized machinery with smaller,
customized devices that meet the specifications of manufacturing
organisations;

e modifying or remodelling manufacturing facilities to optimise the flow of
production whilst minimising the use of energy and its associated effects; and

e encouraging energy conservation through the use of visual indicators and
standard operating procedures. Additionally, ensuring that energy efficiency
IS easy to maintain and that it contributes to the advantages of lean and
energy performance.

The journey to net zero will create opportunities and challenges for companies across
many industries. Demand for sustainable materials and ingredients may outstrip
supply. Companies must be invasive when it comes to sustainability. They must go
beyond protecting their core business during this transition so that new value pools
can be created, and non-sustainable ones diminished (Hostetter, Klei, Winkler and
Wolf, 2022).

2.5.1 The effects of climate change

Climate change has resulted in the emergence of global warming. Although these
terminologies are occasionally used interchangeably, they are not the same
(Benjamin, Por and Budescu, 2016). Global warming is merely a single aspect of
climate change, and it refers to the rise of the earth's atmospheric temperature.
Although global warming has historically been on the rise, the use of fossil fuels has
caused it to accelerate in the last century. The amount of fossil fuels burned has risen
in conjunction with the human population. The "greenhouse effect" is a byproduct of

burning fossil fuels, which include coal, oil and natural gas (National Geographic,
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2022). Amongst the gases that contribute to the emission of greenhouse gases are
those that absorb infrared radiation and retain warmth in the atmosphere (National
Geographic, 2022). Climate change refers to a shift in global weather patterns, such
as temperature and rainfall. The Arctic and Antarctica and Greenland are melting at a
faster rate than usual. The blooming seasons of plants and flowers are evolving. These
include intensifying temperatures and changes in the amount of rainfall, in addition to
the increasing sea levels and receding mountain glaciers (National Aeronautics and
Space Administration (NASA), 2022). The World Health Organisation (WHO) (2023)
stated that “approximately 250 000 additional deaths per year between 2030 and 2050
from extreme heat, natural disasters and changing patterns of infections, mostly in
people at risk (people living in coastal regions or mega cities, children, the elderly,
people with multiple and/or severe comorbidities, and finally, people living in regions
with weak healthcare infrastructures)”. Tollefson (2022) claims that many people are
already feeling the effects of climate change, that fluctuate according to geographical
area and are affected by variables such as geographical location, how an area is

governed, and its socio-economic status.

Temperatures in South Africa are rising at twice the global average, according to
Silverstein (2019). Drought has plagued Southern Africa for several years. During
2018, the country was devastated by a series of cyclones, which caused flooding and
damages that destroyed to existing crops. The ensuing shortage of food continues
wreaking havoc on both urban and rural areas, inflicting economic ruin and
catastrophic livestock losses. Tandon (2022) reported that in April 2022, one of the
most fatal natural catastrophes to affect South Africa in the twenty-first century was
observed as a consequence of roughly one year's worth of rainfall waterlogging the
country's east coast. The rainfall prompted devastating floods and unexpected
landslides in the provinces of KwaZulu-Natal and the Eastern Cape, inflicting havoc
throughout the area. More than 4 000 families were displaced and had to be
accommodated in halls, churches and schools; and an estimated 40 000 people were
forced to leave their homes after 12 000 houses were destroyed. Furthermore, the
province of KwaZulu-Natal experienced 630 school closures, affecting roughly 270 000

pupils. Overall, the rain caused R17 billion in damages to infrastructure (Tandon and
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Mboto, 2022). To ascertain the contribution of climate change to the observed
fluctuations in rainfall in KZN, several researchers have arrived at the conclusion that
aerosol and GHG emissions are partially accountable for the observed increases after
integrating observations with climate forecasts (Pinto, Zachariah, Wolski, Landman,
Phakula, Maluleke, Bopape, Engelbrecht, Jack, McClure, Bonnet, Vautard, Philip,
Kew, Heinrich, Vahlberg, Singh, Arrighi, Thalheimer, van Aalst, Li, Sun, Vecchi, Yang,
Tradowsky, Otto and Dipura, 2022).

According to the United Nations’ (2022) ‘Drought in numbers report’ published in 2022,
weather, climate and flooding were responsible for 50 per cent of the catastrophes and
45 per cent of deaths from 1970 to 2019, primarily in countries with limited resources.
Furthermore, while droughts accounted for 15 per cent of natural disasters during
that period, they contributed to approximately 650 000 deaths. The European
Commission (2018) emphasised that the large-scale adoption of sustainable business
practices and waste management can mitigate global warming and climate change,
and they further stated that green manufacturing is a viable solution that refers to
production practices that emit less pollution and generate less waste overall. Changing
processes to use fewer resources by, for example, developing ways to use less water
in the production process or producing a more durable product with replaceable parts,

that is, a product that fits into a circular economy, are all examples of this.

According to NASA (2022), the natural greenhouse effect is transforming due
to human activity, such as the combustion of fossil fuels to run industries and
transportation systems. The industrial sector's energy usage is projected to increase
by a minimum of 1.2 per cent annually. In relation to the massive energy consumption,
there is a great deal of room for the adoption of renewable energy sources since even
a minuscule energy substitute has a significant influence on the global energy
consumption (Hussain, Basim, Janajrehlsam and Zamzam, 2017). The United States
Environmental Protection Agency (2021) suggests that proper waste management
planning can reduce the effects of climate change, eliminate the production of

potentially hazardous trash, encourage green building initiatives and establish a robust
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and profitable infrastructure for re-use and recycling, comprising recycling facilities
and a market for re-purposed and recycled items.

2.6 Social and environmental impacts of mismanaged waste

McLennan-Smith (2022) stated that “the future of this planet depends on the ability to
adapt to changing conditions and alter the way people do business”. Lenkiewicz (2018)
added that the increase in population, urbanisation and changes in consumer habits
will result in a higher volume of solid waste generated globally in the coming years.
Waste that is not properly managed may end up in drains, rivers and finally the ocean.
Ferronato and Torretta (2019) added that insufficient waste disposal leads to clogged
drains, which results in flooding during rainy seasons. Furthermore, warm weather
patterns and humidity enhances the possibility of leachate generation from discarded
organic waste, which has a direct impact on ecosystems by contaminating soil and
groundwater. Oneale (2016) posits that Africa has emerged into a repository for waste
as several countries, notably in North and West Africa, have turned into global
destinations for obsolete electrical and electronic equipment, amongst others (Baldé,
Forti, Gray, Kuehr and Stegmann, 2017). Waste that is not collected or is illegally
disposed of has a negative impact on human health. Water left in waste materials
stagnates, luring mosquitoes and other insects that reproduce and disperse diseases
carried by vectors. Additionally, the presence of waste attracts vermin such as flies,
insects and rodents, amongst others, that serve as carriers of infectious diseases.
Ineffective waste collection systems, in addition to both regulated and unregulated
dumping of waste, has been associated with the open air burning of waste, resulting
in a major adverse effect on society (Suleman, Tagoe and Agyemang-Duah, 2015).

While South Africa’'s waste output is expected to increase, exposure to these waste
locations, especially those with insufficient management, has created major health
hazards, specifically for those who reside in surrounding areas. A study conducted in
Brazil from 2008 to 2015 discovered that various adverse health consequences, for
example mental and physical impairments, occur as a result of work exposure in
closed waste sites (Tomita, Cuadros, Burns, Tanser and Slotow, 2020). Health
impairments correlated with waste site exposure are not restricted to on-site exposure.
According to Elytus (2019), toxic components found in electronic waste consists of
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mercury, cadmium, lead, polybrominated flame retardants, the element barium, and
the element lithium. Human health risks attributed to these contaminants include
nervous system, kidney, liver, heart and skeletal system damage. Studies have
indicated an association between an increased risk of diseases and the presence of
open landfill sites. This includes a higher chance of contracting cholera, malaria,
typhoid fever, dengue fever and Zika (Ziraba, Haregu and Mberu, 2016).

Suleman, Tagoe and Agyemang-Duah (2015) stated that “waste management
practices in Africa results in the seepage of waste into the environment”. Moreover,
the negligent disposal of waste in urban areas raises the risk of contracting diseases.
One of Africa’'s most contaminated areas in terms of persistent organic pollutants is
the South Durban Industrial Basin, KwaZulu-Natal, which is located near residential
areas. The basin's main emissions sources are two petroleum refineries and a pulp
and paper manufacturing plant. The Merebank and Wentworth communities are highly
affected by their industrial operations as it is situated in a region with one of South
Africa’'s largest populations of petrochemical manufacturers (Xolo, 2020). The
inhabitants claim that the polluted air from the refineries makes it impossible for them
to breathe. Sagren Govender (47), a resident, stated that their neighbourhood is
literally suffocating. He further stated, “We can hardly breathe on certain days during
this pandemic. Everything is in the air. We wear masks to protect ourselves from
Covid-19, but the air we breathe on a daily basis has been poisoned, slowly and silently
killing us all' (The Conversation, 2020). The South Durban Community Environmental
Alliance's air quality officer, Bongani Mthembu, affirms that low lung function is linked
to elevated levels of toxic contaminants in the atmosphere. Poor governance,
ineffective enforcement and a lack of political will all contributed to the lack of
transparency.

According to Africa Institute (2013), women and children in Africa are heavily involved
in the recovery of used electrical and electronic apparatuses. The re-purposing of e-
waste poses possible risks to people and the natural environment. The re-purposing
of abandoned lead-acid batteries in informal workshops across the continent is the

primary cause of lead pollution, affecting the health of a large number of vulnerable
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people as well as the ecosystem. It may also adversely impact the human neurological
and reproductive systems, causing sickness and congenital issues.

A systematic review was conducted in Brazil in 2018 to evaluate possible occupational
hazards and ensuing health issues that waste collectors in Brazil may encounter. The
results of the review revealed that waste collectors were employed in almost every
region. There were numerous workplace risks for these employees, namely extended
hours at work, frequent work accidents, exposure to chemicals, as well as mechanical,
biological and ergonomic challenges, amongst other things. Being subjected to these
risks frequently resulted in illnesses, both psychological as well as physical (Zolnikov,
da Silva, Tuesta, Marques and Cruvinel, 2018).

Considering the predicted rise in waste generation in South Africa, exposure to poorly
managed waste has resulted in major health concerns, particularly for people living in
close proximity to the waste (Tomita, Cuadros, Burns, Tanser and Slotow, 2020).
Ineffective waste management has detrimental effects on the environment and human
health. If it persists, South Africa will find it increasingly difficult to meet the objectives
for sustainable development (SDGs). According to the United Nations Environment
Programme (UNEP) (2015), an important source of air pollution affecting human health
and fuels climate change is the open fire burning of waste. Pollutants that contribute
significantly to both regional and global climate change are methane and black carbon,
which are emitted when waste is burned outdoors. Moreover, uncontrolled waste
burning can be hazardous to both public health and climate. Kodros et al. (2016)
developed a risk model based on health data, estimating that chronic respiratory
exposure to unmanaged domestic waste burning causes approximately 270 000
premature adult deaths worldwide each year. In every aspect of business,
organisations must adhere to the Triple Bottom Line (TBL), which emphasizes the well-
being of "People, Planet and Profit" and asserts that organisations should prioritise
social and environmental concerns just as much as profits. The TBL aims to evaluate
the environmental impact of an organisation over a period of time, in addition to its

level of commitment to corporate social responsibility (Kenton, 2022).
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2.6.1 The Textile industry

According to numerous studies, the world's textile sector generates 92 million tons of
waste per annum, and a significant portion of it ends up in landfills and incinerators
(Pensupa, Leu, Hu, Du, Liu, Jing, Wang, Carol Sze Ki Lin, Yunzi and Chenyu,
2017). The production of textiles and clothing necessitates a considerable amount of
water, electricity and other natural resources, as well as producing an enormous
amount of waste (Islam, 2021). As a result, the textile industry has
encountered extensive scrutiny for its adverse environmental effects, such as waste
generation, carbon emissions and resource consumption (Niinimamp, Petrs, Dahlbo,
Perry, Rissanen and Gilt, 2020). Moreover, it is projected that between 2015 and 2030,
the estimated amount of waste emitted by the textile industry worldwide will increase
by 60 per cent annually, resulting in an additional 57 million tons of waste being
generated annually (Niinimamp et al., 2020; Shirvanimoghaddam, Motamed,
Ramakrishna and Naebe, 2020).

Due to the lack of adequate waste treatment facilities and the rapid development of
contemporary textile manufacturing facilities, pollutants including odorants, heavy
metals, dyes and other hazardous materials are leaked into the environment, posing
a threat to human health (Vikrant, Giri, Raza, Roy, Kim, Rai and Singh, 2018).

The textile industry is a traditional pillar industry in China. Annually, it produces as
much as 1.84 billion tons of effluent, which severely pollutes the environment (Lotito,
De Sanctis, Di laconi and Bergna, 2014; Vikrant et al., 2018). Given its high pH, high
turbidity, low biodegradability, complex composition and high chrominance, in addition
to the fact that it is produced in enormous amounts, textile dyeing effluent is considered
one of the most challenging types of industrial wastewater to treat (Paz, Carballo,
Perez and Dominguez, 2017). According to Chen, Zhang, Li, Qian, Lin, Yang, Wu,
Zhou, He and Liao (2016) and Hong et al. (2017), conventional methods (for example,
the coagulation process, chemical oxidation and the absorption processes) are unable
to satisfy the increasing environmental requirements and the high industry and
wastewater disposal standards. Given their high removal efficiency and ease of
application, physicochemical methods are frequently utilised for the treatment of textile
wastewater (Hong et al., 2017; Jorfi et al., 2018). However, such methods are typically
expensive and resource-intensive (Holkar et al., 2016, Korbahti, 2007; Lin et al., 2014).
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Considering the clothing industry's scale and global reach, unsustainable practices
have a significant impact on social and environmental development metrics (Meier,
2021). The United Nations (UN) pledges to influence the sustainable production of
clothing; to minimize its negative environmental and social implications; and to
transform the clothing industry into a driver of the Sustainable Development Goals’
(SDGs) implementation through the United Nations Alliance, which is aimed at helping
to achieve the SDGs through concerted action in the clothing sector. The USA Post
Conference Report states that in 2020, clothing house Ralph Lauren unveiled a new
approach in 2020 that incorporates circular design principles and circularity throughout
every level of product development, from design to sourcing and final production. The
report further explained that issues like circularity and sustainability should not be an
afterthought. The social and environmental costs of the clothing industry will continue
to rise unless major changes are made to production processes and consumption
patterns. The textile industry is projected to emit approximately 1.7 billion tons of
carbon dioxide annually, substantially contributing to global warming (SLO Active,
2021). The Ralph Lauren Corporation (2021) asserted that the cultivation of essential
raw materials demands enormous amounts of water, and the use of pesticides and
other dangerous chemicals, including fabric dyes, damages the soil, biodiversity and
the flow of water into local communities. With the sourcing of virgin materials
accounting for 14 per cent of Ralph Lauren's carbon impact, the brand is also
transitioning towards cotton and leather produced clothing, utilizing regenerative
farming practices, as well as including more recycled materials in its apparel. Colour
on Demand is a cotton dyeing platform that focuses on how to dye cotton in a more
sustainable way, which was also introduced by the firm, and forms part of the
company's goal of developing the world's first scalable zero wastewater cotton dyeing
system (Ralph Lauren Corporation, 2021). The technology is currently being

implemented throughout the company's supply chain (Reuters Events, 2021).

2.6.2 Pharmaceutical waste

Given the rising population growth rates and the rapidly rising economic burden of

human diseases, pharmaceutical wastes are expected to rise, as per the assertions
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made by Magagulu, Rampedi, and Yessoufou (2022). This necessitates the
implementation of suitable manufacturing, management and disposal procedures for
such hazardous wastes (Magagulu, Rampedi and Yessoufou, 2022). South Africa is
one of the major producers of radiopharmaceuticals and has the largest antiretroviral
programme in the world. Nevertheless, more than two-thirds of pharmaceutical sales
in South Africa come from imports, despite the country being the leading provider and
manufacturer of pharmaceuticals in sub-Saharan Africa (Research and Markets,
2022). Miller (2022) stated that the pharmaceutical sector significantly contributes to
environmental pollution and climate change, and the sector is responsible for 16.25
per cent of global carbon emissions. Dladla, Machete and Shale, 2016) asserts that
inadequate waste disposal, along with inappropriate pharmaceutical waste
management, can result in active pharmaceutical substances posing a threat to land,
marine habitats and humans. If waste is not managed properly, it may escape into the
environment and instigate further chemical reactions if it comes into contact with water
or other chemicals, perhaps resulting in new risks that were not anticipated. Another
major issue to be considered is the toxic emissions from the open air burning of
medical waste (Dladla, Machete and Shale, 2016). As a result, pharmaceutical waste
can harm human health, as well as the environment (Jovanovi¢ et al., 2016).
Pharmaceutical waste must therefore be managed responsibly and effectively in order
to reduce waste and to ensure that it is disposed of in an ecologically friendly manner.
According to the Department of Health, KwaZulu-Natal (2016), pharmaceutical waste
refers to “expired, unused, unusable, spilt and contaminated pharmaceutical products,
medicines, cytotoxic preparations, vaccines, sera that are no longer required and need
to be disposed of appropriately”. Shabaan, et al. (2018) assert that the presence of
pharmaceutical chemicals in the environment is a major worldwide health hazard
because although medications are necessary for human health, little is understood
about how they affect freshwater sources and the environment. Pharmaceutical
manufacturers in Africa encounter many problems, including ineffective product
registration processes; inadequate communication systems for waste management
and disposal; and even a lack of critical raw materials for the manufacture of
pharmaceutical products, for example, maize starch and cellulose derivatives, two

common additives that are primarily imported. Aboagye-Nyame (2021) reported that
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in low- and middle-income countries, approximately one in ten of the medicines in
circulation are either counterfeit or of inferior quality, as per estimates released by the
World Health Organization (WHO). In June 2018, a study conducted in the United
States of America revealed that chemicals used in the production of drugs and
personal care products cannot be removed by wastewater treatment plants. As a
result, these chemicals escape into freshwater systems such as lakes, streams and
rivers, and ultimately end up in the ocean. Pharmaceutical manufacturing plants are
therefore a major source of pollution in the environment. Numerous pharmacological
substances have permanent effects on water sources and the ecosystem (UNEP,
2018). According to Miller (2022), antibiotics have ingredients that might interfere with
the microbial ecology of surface water and the sewage treatment process. When
exposed to the environment, active pharmaceutical ingredients (APIs) can have a
negative impact on both individuals and ecosystems. Moreover, APIs are typically
introduced into the environment during creation, as well as during usage and disposal

by consumers.

2.6.3 Plastic Waste

Plastics have been lauded for their numerous applications in everyday life. They are
durable, inexpensive and long-lasting, and can take on any shape or colour (Leblanc,
2020). Plastics are versatile, non-corrosive and act as insulators, both electrically and
thermally. They are used in construction materials, medical devices and electronics
like computers and mobile phones due to their properties. They are also commonly
used to construct lightweight packaging, which can extend the shelf-life of fresh items
while reducing food waste and its associated environmental consequences. They
lighten the weight of automobiles and other forms of transport, resulting in
lower energy consumption. Plastics are additionally utilised in the production of
synthetic fabrics such as polyester, nylon and fleece (World Wildlife Fund (WWF)
South Africa, 2018).

When plastic waste is not retrieved, it contributes significantly to pollution. Lead,
cadmium and mercury are plastic toxins that are extremely harmful when consumed

by people and aquatic animals. These toxic compounds have the potential to cause
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cancer, birth defects, immune system difficulties, and developmental abnormalities in
children (Andrews, 2020). Microplastics that compromise the environment and human
health are amongst the most significant problems associated with plastic waste, as
detecting their chemical and physical levels is becoming increasingly difficult (Science
for Environmental Policy (SEP), 2011). According to Pettipas, Bernier and Walker
(2016), the main sources of microplastics in the marine environment are inefficient
waste management and unregulated dumping. An estimated 8 million tons of plastic
are released into the ocean each year, causing marine habitat degradation and
eventually affecting aquatic organisms (Alabi, Ologbonjaye, Awosolu and Alalade,
2019).

In South Africa, a mere sixteen per cent of plastic waste is re-purposed. Due to wind,
littering, inadequate waste management and overflowing landfills, the remaining
plastic waste eventually winds up in landfills, while some ends up in streams and finally
in the ocean (World Wildlife Fund (WWF) South Africa. 2018). Hankel and Burgess
(2018) claim that plastic may survive in water for hundreds of years. Unfortunately,
marine creatures are engulfed in floating plastics as many of them confuse
microplastics for food. Not only can these plastics endanger marine wildlife, but also
humans who consume marine animals.
Plastic producers are responsible for the ongoing creation of plastic waste, which
contributes to environmental pollution. Alabi, Ologbonjaye, Awosolu and Alalade
(2019) stated that “varieties of plastics used in the production of many consumable
products including medical devices, food packaging and water bottles contain toxic
chemicals like phthalates, heavy metals, bisphenol A. brominated flame retardants,
nonylphenol, polychlorinated biphenylethers, dichlorodiphenyldichloroethylene and
phenanthrene, inter alia”. According to Greenpeace, banning single-use plastic would
not solve the problem of pollution (The Coca-Cola Company, 2018) as the problem is
multifaceted, necessitating, amongst others, the following actions:

¢ making use of 100 per cent recyclable materials;

e creating and supporting waste collection and recycling in countries and coastal

communities where they do not currently exist;

e where mechanisms exist, increasing waste collection and recycling rates; and
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e educating people on the necessity of recycling and material re-use.

One of the common methods used to reduce plastic pollution is recycling. Plastic
recycling is a process for re-using scrap plastic or recycling plastic waste into usable
items. Therefore, based on the type of waste recovered as a percentage during the
process, plastics can be re-processed multiple times while still maintaining their value
and functional capabilities (Milios et al. 2018). This technique deters plastics from
landfills and unwanted places like the ocean, thereby promoting the preservation of
resources (Leblanc, 2020). In order to minimise the disposal of plastic waste,
manufacturers must consider recycling plastic waste as a sustainable option (Gu, Guo,
Zhang, Summers and Hall. 2017). According to Satapathy (2017), recycling plastic
items reduces the amount of plastic waste in landfills and allows plastics to be re-used
in the manufacturing of new products. Notably, in contrast to other materials like glass,
metals or paper, end-of-life polymers are seldom salvaged or re-purposed. Recycling
plastic not only reduces the quantity of debris that must be managed in other ways,
such as landfills, but it also reduces the use of non-renewable energy in the
manufacture of new plastic products (Thompson et al., 2017).

According to Plastics SA (2021), plastic can be re-used, refilled, and recycled. Even
when plastic can no longer be re-used, the energy that it has captured can be
recovered. Thus, in order to achieve an entirely circular life-cycle for plastics across
the value-chain, all stakeholders must collaborate on the development of sustainable

product management principles.

2.6.4 Electronic waste

‘E-waste is a term used to cover items of all types of electrical and electronic
equipment (EEE) and its parts that have been discarded by the owner as waste without
the intention of re-use”, according to the United Nations University and Step (Solving
the e-waste problem) Initiative (2013/2014). It is the single most complex pollution
problem globally as it severely contributes to environmental contamination and
degradation. E-waste is also one of the fastest-growing waste sources in the world,
with 41.8 million metric tons generated in 2014 (Esmaeilian et al, 2018). According to

Linnenkoper (2019), South Africa generates approximately 350 000 tons of electronic
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scrap annually, of which only about 35 000 tons are recycled. The terms ‘Waste
Electrical and Electronic Equipment (WEEE) or e-waste’ are commonly used to refer
to electric and electronic equipment (for example, laptops, PCs, cellular phones, solar
panels, wearables) (Garlapati, 2016). Parajuly, Kuehr, Awasthi, Fitzpatrick, Lepawsky,
Smith, Widmer and Zeng (2019) stated that “popularly referred to as the fastest
growing solid waste stream, around 50 million metric tons of waste EEE (WEEE) are
generated globally at an estimated 6 kg per person, projected to rise to up to 111

million tons per annum by 2050”.

Tiseo (2021) reported that during 2019, China emerged as the global leader in the
generation of electronic waste, generating approximately 10 million metric tons. The
United States ranked in second place, generating more than seven million metric tons
of electronic waste. Tiseo (2021) further stated that the global generation of electronic
waste surpassed 54 million metric tons in 2019 and is projected to continue to rise in
the forthcoming years. According to Deer (2021), not only can superfluous electronic
devices contaminate the environment and ignite fires at waste disposal facilities, but
the resources used to produce these goods are vastly recoverable and valuable.
Relative to waste volumes, estimates suggest that billions of dollars’ worth of copper,
aluminium and semi-conductor chips are discarded daily. Furthermore, only
approximately a fifth of all electronic waste is recycled on a global scale. According to
a study conducted by Kumar, Holuszko and Espinosa (2021), electronic waste is a
rising global concern.

The World Economic Forum (2019) asserted that the volume of e-waste generated is
steadily increasing at a three to four per cent rate and is expected to reach 120 million
tons by 2050. If recycled correctly, it could offer an opportunity for urban mining for the
recovery of copper, gold, silver, palladium and other metals, with an estimated value
of 55 billion Euros annually. Developed countries are exporting their electronic waste
to developing countries for dumping, causing serious environmental and social
concerns. Garlapati (2016) stated that most electronic waste is exported to emerging
economies like Africa and other developing countries (Bimir, 2020). The United

Nations Environment Programme (UNEP) asserted that barely ten per cent of the
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global electronic waste is being recycled in developed countries, with the remaining
90 per cent being distributed to countries that are underdeveloped throughout the
world. Furthermore, obsolete equipment is frequently donated to countries that are still
emerging economically and cannot afford new electronic equipment or keep up with
the world's increasing technology (Albuquerque, Mello, Paes, Balestrassi and Souza,
2017). Waste collection, sorting, waste prevention, emission reduction and cost-
effective recycling are among the major challenges of e-waste management. In
addition, only 78 countries have e-waste regulations in place, with the majority of
developing countries failing to properly enforce them, rendering them easy dumping
locations for e-waste (Shahabuddin, Uddin, Chowdhury, Ahmed, Uddin, Mofijur and
uUddin, 2022). The inability of electronic waste to be properly recycled or disposed of
is regarded as the leading cause of harm to individuals and the natural environment.
Given the quantity and toxicity of the components contained in e-waste, it is a major

source of concern.

According to Park, Hoerning, Watry and Burgette (2017), inadequate disassembly or
burning of electronic items to remove components can be hazardous to workers and
people, as well as pollute the ecosystem. Furthermore, when e-waste is improperly
disposed of, harmful substances and emissions are released into the environment,
causing harm to plants and animals (Ankit, Saha, Kumar, Tiwari, Sweta, Rawat, Singh
and Bauddh, K. 2021). Moreover, the ingestion of such substances through plants,
drinking water and direct inhalation can be fatal to mankind (Kumar, Holuszko and
Espinosa, 2017). In several locations, hazardous components are often thrown in
unmanaged landfills, while outdated methods are used to gather valuable components
(Solving the E-waste Problem (Step, 2019).

Since lead-acid batteries have the shortest lifespan of any off-grid solar component,
they make up a disproportionately large portion of the global waste stream (Hansen et
al., 2020). Moreover, Lead constitutes approximately 65 per cent of the total mass of
a battery manufactured from lead acid (Manhart et al., 2018). Furthermore, lead
constitutes a persistent neurologically hazardous that is recognised to have a negative

influence on the functioning and development of the human brain at low exposure
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levels, and to be life-threatening at high concentrations (Rees and Fuller, 2020).
According to Charles, Davies, Douglas, Hallin and Mabbett (2019), lithium-ion
batteries are frequently discarded in landfills or in the environment, which contributes
to the depletion of these limited essential resources. In addition, it is associated with
fire hazards. The mishandling and incorrect storage of lithium-ion batteries can be
highly hazardous (Manhart, Hilbert and Magalona, 2018). Even though these practices
have potentially fatal consequences, little is known about the wider social and
environmental costs of improperly managing e-waste, in addition to the systematic

processes of being exposed to toxic pollution (Manhart et al., 2016).

According to Kumar, Holuszko and Espinosa (2017), the rapid pace at which electronic
waste is generated in developing countries is a significant cause of concern. When
considering future mitigation strategies, a fundamental alternative would be for
manufacturers to become more engaged in ensuring the enforcing return policies
to effectively recycle the electronic goods they produce. An article by Sunitha (2017)
mentions that placing e-waste bins or containers in public areas could potentially
make a significant impact in ensuring that such waste is gathered and disposed of in
an environmentally friendly manner, as opposed to being abandoned, which
contributes to environmental harm. The first public e-waste bin has been installed at
Bengaluru city in India by a non-governmental organisation in the year 2017. Sunitha
further states that it is necessary to gain knowledge about the evolution and recycling
of e-waste as the absence of knowledge about e-waste management will significantly

increase ecological pollution.

2.6.5 Manufacturing facilities and office waste

Energy is commonly used by manufacturing organisations to produce the heat that is
needed for the transformation of raw materials into usable goods. Compared to service
organisations, factories use relatively large amounts of natural resources. Hence, they
are major contributors to the depletion of the earth’s natural resources. Joseph and
Inambao (2020) stated that on average, factory facilities use 95.1 kilowatt-hours (kwWh)
of electricity and 536 500 Btu of natural gas per square foot each year, though actual

consumption varies widely across sub-sectors. While some industrial machinery may
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automatically switch off when not in use and remain inactive for a short period of time,
other machinery cannot be switched off between uses and must operate continuously,
thus resulting in wasted resources; for example, compressed air systems when the

compressors are not in operation (Friendly Power, 2020).

Paper is produced from 42 per cent of all trees harvested for industrial use, which has
a significant environmental impact. Forest destruction is only part of the problem. In
most developed countries, the usage of water in industry is most prevalent amongst
the pulp and paper sector (Suraj and Khan, 2015). In addition, they are also arguably
the largest polluter of water, and the third highest emitter of environmental pollutants
(StopWaste, 2022). Although printers, papers and files are common objects in
traditional offices, due to innovation, many offices are choosing to use less paper in
their daily work. According to Beck (2018), “digital forms and data collection software
can lead to greater business growth, employee productivity and retention, as well as
improving the company’s bottom line”. Other benefits of going paperless are that it
reduces waste, cost, production energy and environmental impact, and reduces the
carbon footprint of the organisation. It also saves office space, makes documents
easily accessible and allows for multiple employees to work on one document.
According to Deer (2021), it is imperative to understand the types of waste that an
organisation generates through a waste audit, and try to reduce it. Simple adjustments,
such as correctly separating and disposing of waste or adopting a ceramic or
aluminium coffee mug instead of paperboard/plastic or Styrofoam cups, can make a

big difference in organisational waste reduction.

2.7 Management approaches to steer sustainable business activities

Duran, Capaldo and Acevedo (2018) advise incorporating the use of a new metric
called Sustainable Overall Throughput Effectiveness (S.O.T.E.) as an effective
practice because it has all the relevant characteristics, and it provides an integrated
view of the production processes, quality control, maintenance, environmental
aspects, as well as allows for the tracking of the effects of these aspects on the overall
performance. Below are four approaches outlined by De Smet et al. (2021) that
managers can use to steer the organisational redesign of their business activities:
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e Design specific and achievable business activities that are sustainable (for
example, waste reduction, green hydrogen or its sub-topic, operational
decarbonisation), instead of overall objectives;

e Prioritise the full life-cycle of the products manufactured by the organisation;

e Comply with updated legislation pertaining to sustainable waste management
practices in order to mitigate environmental degradation and natural resource
depletion; and

e Ensure that sustainable packaging is used, that is, no excessive packaging
must be used, and packaging must be recyclable or manufactured from

biodegradable raw materials.

2.7.1 Lean Manufacturing

Transport, inventory, motion, waiting, over-production, over-processing and defects
are the seven types of waste in lean manufacturing that all organisations can learn
from in order to improve efficiency (Cousins, 2021). According to De et al. (2020),
several manufacturing organisations use lean management strategies to achieve
economic sustainability by prioritizing waste reduction throughout business processes.
There has been a surge of interest in Lean Manufacturing and its relationship between
lean management principles (LMP) and environmental sustainability. According to
Landau (2023), the lean methodology was first implemented in the Toyota Production
System (TPS), which revolutionised the company’s manufacturing process and
subsequently expanded around the world. The concept of lean manufacturing is a
production approach that places emphasis on reducing waste, creating value for
customers, and constantly enhancing procedures (Landau, 2023). The
implementation of lean project management principles, practices and resources helps
to accomplish this. The two pillars of Lean manufacturing are product quality at a low
cost and customer satisfaction. It is regarded as a method of reducing waste to a bare
minimum. Lean manufacturing focuses on eliminating waste to increase the value of

the product; hence it is both economical and environmentally friendly (De et al., 2020).
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The five pillars of lean manufacturing were outlined by Womack and Jones. According

to Do (2017), the five concepts that follow serve as an outline for improving work-

related effectiveness:

i.
ii.
iii.
iv.

V.

establishing value,

configuring the value stream,
developing circulation,

utilizing the concept of pull, and

achieving perfection.

Landau (2023) asserts that when applying lean concepts to the manufacturing

process, lean manufacturing technologies are critical in identifying and eliminating the

generation of waste. Waste elimination in any industrial system increases quality and

production time while reducing expenditures. The following are examples of

management tools:

The single minute exchange of die, or SMED, is an effective method of
transitioning between manufacturing processes;

Value stream mapping enables staff members to visualize every stage of the
production process in order discover opportunities for process improvement;
5S, an organisation methodology for the workplace;

Kanban boards, that demonstrate the workflow;

Poka-yoke (proofing errors);

Rank sequence clustering (the manufacturing flow analysis);

Single point arranging;

Complete productive maintenance (enhances manufacturing process integrity
and quality);

Remodelling work cells;

Managing multiple processes; and

Using control charts to monitor workloads.
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2.7.2 Green Manufacturing

The concept of green manufacturing was established to align sustainable development
in production processes and to attain a more sustainable pathway to economic growth.
It includes improved industrial production processes and resource-efficient
productivity. It aims to raise awareness, expand understanding, and increase
organisational capabilities (United Nations Industrial Development Organisation,
2022).

The escalating environmental conditions have constituted an immense threat to
human existence and advancement. According to Lin and Hao (2020), green
manufacturing is a contemporary production model that assesses resource efficiency
in addition to environmental impact. Its guiding principle is to ensure that products are
cost-effective, high-quality and free of harmful pollutants throughout their life- cycle,
that is, to minimise energy use and maximise resource capacity.

Cai et al. (2019) stated that focusing on lean energy-saving and emissions reduction
(LESER) techniques enhances energy efficiency and minimizes waste. Although
traditional LESER consists of a few technological innovations or methods that are
insufficient for the entire manufacturing process, manufacturers are required to adapt
to responsible production practices by employing sustainable strategies and actions.
Below are examples of companies contributing to green manufacturing:

Unilever, a multinational corporation with operations in 180 countries, intends to
double its revenue and cut its carbon footprint in half by 2032. McLennan-Smith (2022)
stated that “the company’s manufacturing plant in Durban, Indonsa, is the first green
manufacturing facility in South Africa, and it was built with three fundamental principles
in mind: water neutrality, energy conservation, and zero waste. After an initial injection
of water, the plant is no longer dependent on the municipality for its water supply”.
McLennan-Smith (2022) further stated that “Indonsa recycles 70 per cent of its effluent
water and relies on rainwater and condensate for the balance. The company recycles
60 per cent of its waste and is looking at ways to address the 40 per cent that goes to

landfill sites”.

Apple is a technology giant that has built a $5 billion headquarters in Cupertino,
California, dubbed the "Spaceship”. The company has installed thousands of solar
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panels with an estimated output of 16 megawatts of power rooftop surface area of this
new building. The solar-powered building features one of the largest solar arrays for a
corporate building worldwide, in addition to the largest fragments of structural glass
ever made. Moreover, it has four megawatts of biogas fuel cells and attracts additional
renewable power from a 130-megawatt solar arrangement in the vicinity. In addition to
renewable energy sources, Apple has also planted 2500 new native trees to its
existing collection of over 7000 as a component of its sustainable design endeavours.
In total, their 175-acre property would be converted to 80 per cent green space
(d’Estries, 2017).

In addition to being a major supplier to PETCO, a recognised Producer Responsibility
Organisation (PRO), Kaytech is also a reputable geotextile manufacturer in South
Africa. Kaytech manufactures various geotextile products which are made up of a 100
per cent recycled polyethylene terephthalate (rPET) from post-consumer cooldrink
bottles (PETCO, 2016). It is additionally renowned for manufacturing superior
guality needle-punched non-woven uninterrupted filament geotextiles from rPET. This
sophisticated production line has more than double the usage of rPET at capacity and
developed the processing of the rPET into an improved geotextile which has
immensely increased the competitiveness of the organisation.

Novus Holdings Limited is a South African company that is recognised for commercial
printing and manufacturing. Their branch based in Isithebe is dependent on an
uninterrupted supply of raw materials for its production procedures. This consists of
polymers, paper, pulp, pigments, water, and electrical energy. Their executives are
aware of how the negligent management of plastic waste contributes to widespread
environmental damage and a lack of plastic recycling once products reach consumers'
hands. Therefore, they use eco-sustainable paper stock options and have
implemented several green production and manufacturing initiatives. Novus Holdings
continues to promote innovation in multi-purpose and re-usable plastic packaging
products, where plastic functionality is critical. Novus Tissue will also expand its paper
manufacturing facilities by using wastepaper generated by the Group's significant
printing operations in the production of tissue paper (Novus Holdings Integrated
Annual Report, 2020).
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2.7.3 Sustainable Packaging

Sustainability regulations for packaging have become increasingly stringent. The
packaging business is being shaped by a megatrend, with customers growing
increasingly concerned about the influence of waste on the environment.
Consequently, innovative and sustainable manufacturing standards must increasingly
advance on varying levels (McKinsey and Company, 2022).

According to Plastics SA (2021), “South Africa’s plastics industry is dominated by the
packaging sector (which accounts for approximately 52 per cent of the local market),
followed by building and construction (13 per cent), agriculture (9 per cent), automotive
and transport applications (7 per cent)”. Global pressure to reduce packaging waste
has surged dramatically as a result of public outrage over images demonstrating
packaging escaping into the ocean. In response, politicians have taken action. During
the 1980s, biodegradable plastic has been proposed by scientists as a remedy that
plastic manufactures could use to mitigate plastic pollution (MasterClass staff, 2020).
Biodegradable plastics are most commonly used in food packaging, disposable

dinnerware, plastic bags, packaging, medical materials, and other related devices.

PET (Polyethylene Terephthalate) is also a form of plastic that is a transparent, robust
and lightweight plastic frequently used to package food and drinks, particularly water,
juice and soft drinks in practical sizes (Plastics SA, 2021). It is a packaging material
that uses less energy. Compared to glass, aluminium and other container materials, it
maintains a very favourable sustainability profile even though its raw materials
originate from crude oil and natural gas (PET Resin Association, 2015). On the African
continent, Extrupet is amongst the biggest and most sophisticated recyclers of PET
bottle materials. With the ability to recycle more than 2.5 million PET bottles dalily,
Extrupet can convert waste PET bottles into fibre, thermoforming, food-grade, and
strapping-grade material. This process results in the production of dependable, high-
quality finished goods that can be used in packaging and various other applications
(Yonli and Godfrey, 2018). According to Plastics SA (2021), South Africa recorded an
input recycling rate of 43.2 per cent during 2020. A significant 461 500 tons of plastic

waste were collected for recycling, 312 600 tons of which were successfully recycled
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back into raw materials. While 97 260 tons of recycled material were used to make
new packaging, 296 500 tons of recycled material were used to make new products.

Nampak Packaging Excellence (2022) is Africa's leading diversified packaging
manufacturer. It operates from 19 sites in 14 locations throughout Africa, which
includes South Africa. The Nampak Liquid Cartons plant in Isithebe is perpetually
creating fresh, contemporary packaging alternatives for its customers. An example of
the contemporary packaging is Fruitime 2litre and 330ml of liquid cartons as
it possesses a board structure made up of seven layers, each of which serves a crucial
purpose of preserving the product's six-month shelf life and keeping it in good
condition. The polyethylene serves as a barrier between the heated aluminium foil and
the filled product. The carton board is imported and complies with FDA and European
Union regulations. At Nampak Liquid Cartons Isithebe, the company holds the
following accreditations: 1SO9001:2008 Quality Management System; HACCP
10330:2007 HACCP System; and by the end of 2022, they anticipate being accredited
with 1ISO14001 (Environmental Management System). Packaging accounts for sixty
per cent of sales. According to Neil Hurter, Operational Director of Fruitime, the
organisation’s prior expertise revealed that packaging represents their most crucial
area for innovation, and he believes that it is even more important than price (Nampak

Packaging Excellence, 2022).

A major milestone has been attained in The Coca-Cola Company's (2021)
environmentally friendly packaging journey with the introduction of its first beverage
bottle composed entirely of plant-based plastic (aside from the cap and label),
manufactured by employing economically feasible technology. Although the process
allows for flexibility in raw materials, corn sugar was used to produce the organic
paraxylene for this bottle. Greenpeace Africa is an independent environmental
campaigning organisation that had circulated a brand audit that detailed the quantity
of material such as plastic and polystyrene that had been obtained during beach clean-
up efforts in 42 countries. According to the results, the most packaging picked up was
from The Coca-Cola Company (The Coca-Cola Company, 2018). The Coca-Cola
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Company established the following sustainable goals to reduce pollution by taking
responsibility for their packaging throughout its life-cycle:

e Design: aim for packaging that comprises at least 50 per cent recycled material
by 2030; maintain the objective of making all consumer packaging 100 per cent
recyclable by 2025 (they have already accomplished 85 per cent of this
objective).

e Collect: reduce waste by collecting and recycling one bottle or can for every
unit sold by 2030 (they are currently at 59 per cent).

e Partner: collaborate to promote a clean, debris-free environment and oceans
(The Coca-Cola Company, 2018).

2.7.4 The Circular Economy

The Department of Forestry, Fisheries and the Environment (2021) asserted that the
concept of circular thinking goes beyond the green sector's focus on reduce, re-use
and recycle to eliminate waste entirely. It requires manufacturers to establish collection
points, conduct regular audits, and meet stringent new targets. It supports
sustainability by assuring the recycling, repair and re-use of raw materials and
products. Improved efficiency and profit margins result from an emphasis on waste
reduction. Circular economy provides substantial business opportunities for
entrepreneurs. According to Stubbs (2020), almost 90 per cent of South Africa's waste
is tossed in landfills. However, by re-purposing, modifying or refurbishing this waste,

millions of rands could be generated in the country's economy (Ventureburn, 2021).

Barbara Creecy (2020), the minister of the Department of Environment, Forestry and
Fisheries, explained that in a circular economy, waste does not exist because when a
person is done with something, it must be employed as raw material for something
else. The circular economy concept may aid in understanding how the waste
management hierarchy is implemented in relation to the green economy and other
Extended Producer Responsibility (EPR) measures. A circular economy closes the
loop between resource extraction and waste disposal by implementing waste

prevention, restoration, re-use, recycle and recovery techniques all through the
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economic cycle, reducing the generation of waste and the need for virgin materials as
production inputs (Department of Environment Forestry and Fisheries, 2021).

The fundamental concepts behind the circular economy are the restoration of natural
systems, the reduction of waste and pollution, and the preservation of product and
material usage (Kumar, 2019). The present set-up generates a substantial amount of
waste. The World Resources Institute (2020) stated that more than 100 billion tons of
resources flow every year and 60 per cent end up as waste or greenhouse emissions.
Similarly, approximately a third of all food produced is wasted. The circular economy
offers a system where waste and pollution are reduced through product design.
McGinty (2020) asserts that 80 per cent of environmental impacts are identified in the
design phase, and that waste and pollution, rather than being an inevitable by-product

of daily consumption, become shortcomings in design.

In order to implement a circular economy approach, cooperation between all spheres
of society is needed, as well as the development of novel laws pertaining to
corporations, governments, employment, and cities.
McGinty (2020) advised that the following changes are necessary to facilitate the
transformation towards a circular economy:
e Reduce consumption by refraining from plastic bottles, fast fashion, and waste
from food;
e Use less energy by reverting to organic options, utilising carpooling, streaming
online content; and
e Implement systemic change by building recycling-friendly infrastructure,
imposing taxes on packaging products that contain more than 30 per cent

virgin materials, and improve the quality of merchandise to be more durable.

The governance model for the Circular Smart Production System (CSPS) promotes
an entirely novel way of recycling and re-using urban waste by leveraging technologies
like 3D printing and concepts from Industry 4.0 to improve digital manufacturing
operations (Nascimento et al., 2019). As a result, this model promotes the adoption of
the circular economy, thus introducing a better supply and demand path for society.

The subsequent information outlines the seven phases of the three-dimensional
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printing processes, each of which is interrelated to the reverse logistics of materials
(Nascimento et al., 2019):

Product life-cycle: This refers to the time-frame that the product is expected
to function ordinarily. Any manufactured object can be deemed a part of the
product if it is utilised in a residential or commercial setting.

Selective waste collection: This refers to the procedure of gathering waste
when a product's life-cycle ends, which could be due to a variety of reasons, for
example, the product is broken, outdated, the user rejects it, or the product is
no longer desired by the user.

Waste sorting: This describes the waste separation process in authorized
recycling facilities. Sorting involves categorising and sub-categorising materials
in the most organized way possible in order to convert them into input material
by enabling the production of contemporary and technologically advanced
products from outdated components. Metallic material, wood, polyethylene and
glass, in addition to other materials that are recyclable, can all be re-purposed.
Waste treatment: This phase is one of the model's most difficult problems.
During this phase, every element must undergo an array of chemical or physical
processes that transformsits properties into input for production.
Transformation is an essential component of future effective recycling
strategies since it supports the innovation of contemporary and complex goods
acquired from aged resources.

Product printing: This is the procedure of printing in three dimensions using
the outcomes of the preceding process. It is possible to print simple and
complex items of various sizes and shapes using 3D and digital equipment in
the designs. Products that are ready to use as soon as they are printed are
forwarded for sale or transferred to the assembly stage, if it is merely a
component of a larger product.

Product assembly: This phase is when the finished product is
assembled using components that were printed with various substances. To
assemble a blender, for instance, metallic materials for the blades would need

to be printed in three dimensions.
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e Product selling: At this phase, the product that was manufactured from
recycled materials is available for sale either online or in-store, and a renewed

life-cycle commences.

Tony Milikin, the Chief Sustainability and Procurement Officer at Anheuser-Busch
InBev (AB InBev), the world's most prominent brewer (2020), stated the following:
"Everything we look at in our company, we're looking at it through circularity” (Reuters
Events, 2021: 15). According to Milikin, circularity entails thinking outside the box,
creating and discovering new methods of doing things, as well as new ways of utilising
materials. He went on to state, “Holistically, we view anything as an opportunity”. He
went on to explain that during Covid, instead of burning off the alcohol extracted from
non-alcoholic beer, they began re-purposing it to make hand sanitizer, which played a

vital role in helping to prevent the spread of the virus during the pandemic.

2.8 The influence of the Fourth Industrial Revolution on the

sustainable development of the manufacturing industry

Li and Yang (2017) stated that “Industry 4.0 was formally put forward at the Hannover
Industrial Expo in April 2013. It is a common national strategy led by the German
government, industry leaders, researchers, associations, and trade unions, so as to
improve the definition of industry, from the centralised production mode to the basic
form of decentralised production and control”. The term "Industry 4.0", also known as
the "Fourth Industrial Revolution", refers to a paradigm shift in the use of technology
that is centred around the idea of Cyber-Physical Systems, or CPS (a combination of
computing, communication and control). This paradigm is typified by the ubiquitous
presence of a wide range of individually addressable cooperating objects, such as
sensors, actuators and mobile phones. It enables real-time data interchange between
equipment and components of the product, allowing for continuous monitoring and
oversight of relevant production processes. As a consequence, industrial production
has become considerably more flexible and transparent. Furthermore, big data
analytics and cloud and fog computing, which provide practically limitless storage,

computing and communication capabilities as utilities, help extract value from
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complex data sets (Barreto et al.,, 2017; Li and Yang, 2017; Aceto, Persico and
Pescapé, 2020).

According to Kituyi (2018), the Fourth Industrial Revolution is a driver of sustainable
development but the connection between digital transformation and sustainability is
still in its early stages.

Manufacturing procedures should be designed to maximize energy efficiency, reclaim
and re-purposing unwanted materials (Nascimento, Alencastro, Quelhas, Caiado,
Garza-Reyes, Rocha-Lona and Tortorella, 2019). Industry 4.0 entails fundamentally
re-designing the corporate models and manufacturing processes of the organisations
to enable production efficiency, energy optimisation and the reduction of waste

generation (Ramakrishna, Ngowi, De Jager and Awuzie, 2020).

To address all management challenges, a waste management system in smart cities
uses blockchain technology to manage waste and clean up the environment without
the need for human intervention. The concept of Block-chaining involves a highly
secure digital decentralised ledger that retains a chronological and public record of
production transactions. A blockchain-based waste management system may provide
two critical benefits: ensuring long-term sanitation and providing stakeholders with a
transparent and traceable waste management approach (Steenmans, Taylor and
Steenmans, 2021). Tracking waste has always been challenging, but with blockchain
technology, it should be a lot easier. By pairing the internet of things detectors to a
decentralized network, waste trucks can collect data and be tracked in real-time
throughout their journey. Waste management service providers can be penalized or
awarded if they fail to provide better time-based services through integrating a Block-

chaining approach into waste management systems (Jeyabharathi et al., 2021).

2.9 Landfill sites

Wastes from landfill sites cut across all sectors of life. As a result, there is a need to
categorise such wastes according to its origin, composition, toxicity and management.
By implementing waste categorisation, it will be easier to determine what proportion of

landfill wastes could be used to produce energy that can be affordable, reliable,
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sustainable and modern for all, which is Goal 7 of the Sustainable Development Goals
(SDGs) (Dada and Mbohwa, 2018).

According to DEA (2018), most landfill sites are not managed in compliance with
stipulated regulations. Studies indicate that over sixty per cent of general waste and
approximately ninety-five per cent of hazardous waste are disposed of through
landfilling (DEA, 2018). Landfills can serve as a repository for rodents, which can
contribute to human respiratory diseases such as asthma and hantavirus pulmonary
syndrome, along with other diseases caused inadvertently by an intermediate vector
(Schountz and Prescott, 2014). According to Mbatha (2021), there are very few Class
A landfill sites in South Africa designed to accept hazardous waste. Del Fabbro (2021)
stated that although Dolphin Coast Landfill Management (DCLM) was a licenced Class
A landfill, the problem was that it should not have been granted a licence because the
site was unsuitable due to high rainfall and had received a mere R20 000 fine in 2020
for non-compliance due to dumping leachate into a nearby river.

The effective management of urban growth will become increasingly important for
sustainable development, especially in low- and middle-income countries where
urbanization is predicted to happen at the fastest rate. Moreover, during the last
twenty-four years, no municipality in Gauteng has granted a licence for a new landfill.
In reality, the few remaining landfills in Gauteng are rapidly closing and filling up, and
no new landfills or viable alternatives for waste recovery or disposal are being built to
replace them (AWARD, 2019). Furthermore, as part of updated regulations intended
to significantly reduce the amount of waste that ends up in landfills, South African
manufacturers are now required to incorporate more recycled material into their
products and take accountability for the final destination of their products
(Businesswire, 2021). The Occupational Health and Safety (OHS) Act of 1993
stipulates that an employer must protect employees, visitors and nearby communities
from any hazards emanating from its working environment, and it is evident that many
organisations in South Africa had failed to act responsibly in these matters (South

African Legal Information Institute, 2019).
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2.10 Drivers of Sustainable Waste Management practices

Global warming and the depletion of natural resources have inspired pleas for
essential modifications in the way organisations produce and distribute their products
and services. Several countries have enacted mandatory initiatives, for example,
carbon taxation, in order to promote the sustainable development of supply chains
(Younis, Sundarakani, Mahony and Barry, 2019). Some of the main forces behind
sustainable waste management strategies include climate change, pollution, land and
sea use, and the exploitation of organisms. Climate change, according to the World
Health Organisation (WHO) (2023), has an impact on both social and environmental
factors of health, such as clean and safe drinking water, fresh air, sufficient nutrition
and adequate shelter. Climate change is projected to result in roughly 250 000
additional fatalities annually between 2030 and 2050 due to nutritional deficiency,
malaria, bowel movements, and radiation stress (WHO, 2023). The WHO (2023)
stated that “areas with weak health infrastructure — mostly in developing countries —
will be the least able to cope without assistance to prepare and respond. Reducing
emissions of greenhouse gases through better waste management practices,
responsible manufacturing practices, transport, food and energy-use choices can
result in improved health, particularly through reduced air pollution”. Each of these
transforming agents, including local governance, consumption and production
patterns, trade and technological breakthroughs, and population dynamics, is fueled
by societal values and behaviours (IPBES, 2019).

According to Vijayvargy, Thakkar and Agarwal (2017), support from senior
management and an organisational culture with a strategic goal to be sustainable are
two internal drivers of environmentally friendly supply chain management. Some
businesses are also motivated by a sense of social duty. Another major internal
incentive is the potential economic benefit of embracing GSCM techniques. External
GSCM drivers include various external forces that influence enterprises to adopt
environmental strategies. Amongst these drivers are consumers, vendors and other
stakeholders, including government agencies, the general public and charitable

organisations (Younis, Sundarakani, Mahony and Barry, 2019).
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The revised Municipal Infrastructure Grant (MIG) policy framework provides the
necessary financial assistance to allow Municipalities to purchase yellow fleet vehicles
and equipment (for example, landfill compactors, bulldozers and so forth) for 27
Municipalities. Both the Provincial and National Departments are assisting and
processing MIG applications from Municipalities for yellow fleet purchases. From
2021/22, the number of MIG applications for yellow fleet will increase. From 2012/13 -
2020/21, the Department has been funding Municipalities to obtain authorisations for
their landfill sites. The department has enabled the obtaining of over 325 waste
management licences (WMLS) across the country for Municipal landfill sites
(Department of Environment, Forestry and Fisheries, Republic of South Africa, 2020).

2.11 Barriers hampering the adoption of Sustainable Waste

Management practices

According to the Department of Environmental Affairs and Development Planning
(2020), population growth influences the amount of waste that is generated and the
demand for waste and sanitation services. The multifaceted nature of the waste stream
has a direct impact on its management, which is exacerbated by the combination of
hazardous and general waste (Department of Environmental Affairs and Development
Planning, 2020). The limited municipal landfill airspace availability for surrounding local
municipalities will more than likely result in increasing pressures for municipalities and
see the movement of waste between municipalities (GreenCape, 2020). Funding is
critical for Producer responsibility organisations (PROs) and producers, and could
result in switching to different materials because of a lack of EPR fees (Department of
Environmental Affairs and Development Planning, 2020).

Every country has laws and rules that include measures to regulate the
management of waste at the regional, national and international levels. However, a
mismanagement of waste persists due to incoherence, a lack of enforcement, and
inadequate implementation (GRID-Arendal Annual Report, 2015). According to
Awasthi, Li, Koh and Ogunseitan (2019), the Basel Convention represents one of the
management approaches that solely considered the public sector and failed to account

for the private sector. Therefore, it is deficient of scientific data and technological
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capacity to deal with the issue of e-waste. Moreover, the Basel Convention did not ban
the transport of toxic waste in developing countries, thereby permitting e-waste exports
(Ghosh, Debnath, Baidya, De, Li, Ghosh, Zheng, Awasthi, Liubarskaia and Ogola,
2016).

The socio-economic transformation of developing countries is influenced by urban
development, electrical energy generation, education on proper waste management
practices, and infrastructure. These sorts of changes demand a large workforce, many
resources, planning, and efficient waste management and monitoring, all of which are
scarce in South Africa (Omwoma et al., 2017). According to DEA (2016), dry cell
battery recycling plants do not exist in South Africa. The batteries are gathered at
specific Gauteng locations, separated according to chemical composition, and

despatched to a recycling facility in France.

Godfrey et al. (2020) asserted that “current reasons for the poor management of waste
in Africa include, amongst others, weak organisational structures; lack of appropriate
skills; inadequate budgets; weak legislation; lack of enforcement; low public
awareness; corruption, conflict; political instability; and a lack of political will”.

Other barriers include the rand's depreciation, which has increased the price of
imported raw materials and completed items, and the frequent power outages that
South Africa experiences (Research and Markets, 2022). Mpatane (2015) explained
that one of the key factors increasing manufacturing output in any country is an
uninterrupted and sufficient supply of electricity. The availability of electricity plays a
key role in both the production and consumption of products and services, as well as
in a country’s growth potential. Eskom's extreme electricity shortages, which resulted
in load-shedding and power outages, have caused the manufacturing sector in South
Africa to generate excessive waste and to see a fall in output (Mpatane, 2015).
Nordin, Ashari and Rajemi (2015) reported that the lack of planning, preparation,
resistance of employees to change, lack of data and standardisation, lack of vision,
incorrect implementation, and lack of infrastructure are all contributing factors.
Revenue is an additional barrier to the implementation of sustainable waste
management practices (Nordin, Ashari and Rajemi, 2015). Ghazilla, Sakundarini,

Abdul-Rashid, Ayub, Olugu and Musa (2015) agrees and states that “major barriers
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include lack of awareness of sustainability concepts by small firms, lack of awareness
of green products by customers, inadequate publicity about green products, negative

attitudes towards sustainability concepts, lack of funds and high cost”.

Orisakwe, Frazzoli, llo and Oritsemuelebi (2020) asserted that the issue of the
indecorous management of toxic waste in low-income countries has long received
attention. Orisakwe, Frazzoli, llo and Oritsemuelebi (2020) further stated that despite
the known hazards, there is a general absence of formal electrical and electronic waste
(e-waste) management infrastructure across Sub-Saharan Africa (SSA), and the
improper management of e-waste is recognised as a serious threat to public health.
Moreover, according to Corbyn, Martinez and Cooke (2019), no single country in SSA,
which includes South Africa, has an enforced and organised waste management policy
for e-waste similar to Europe's WEEE Directive (a reference model for emerging
policy).

Lack of skills and workforce engagement are also major barriers to sustainable
manufacturing practices (Madrid-Guijarro and Duréndez, 2023). According to Betti, de
Boer and Giraud (2022), a business can have the best tools, the newest technology
and considerable resources at its disposal. However, if it lacks genuine workforce
engagement, it will be unlikely to scale up sustainable business practices successfully.
The authors further emphasise that it is vital that businesses put their workers at the
core of their efforts by creating a community of involved, committed people who offer
ongoing support and can meet the challenges of their emergent labour requirements.

2.12 Conclusion

This chapter captured the theoretical perspectives of waste management practices
amongst manufacturing organisations. It also demonstrated a rational association
between literature and research variables. These include definitions, legislation,
policies and procedures, social and environmental impacts, as well as management
approaches to steer sustainable business activities. Significant sources of data were
consulted during this study's literature review. The subsequent chapter elaborates on
the methodology and its justification for use in gathering data for the research study
by expounding upon the research layout, target population, measuring instrument, pilot
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testing, delimitation, validity and reliability, data analysis and finally, the ethical code
of conduct regarding research will be observed.
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Introduction

This chapter presents the methodology and its justification for use in gathering data
for the research study by expounding upon the research design, target population,
measuring instrument, pilot testing, delimitation, validity and reliability and data
analysis. The chapter concludes by outlining how the ethical code of conduct regarding

research will be observed.

3.2 Objectives of the study

The objectives below are aligned to the aim of the study, namely waste management
practices amongst manufacturing organisations in the iLembe Municipal District in
KwaZulu-Natal:
e to establish the types of waste generated and the waste disposal measures that
manufacturing organisations in the iLembe Municipal District employ;
e to investigate the strategies employed by manufacturing organisations in the
iLembe Municipal District to minimise waste;
e to identify the drivers of sustainable waste management practices amongst
manufacturing organisations in the iLembe Municipal District; and
¢ to identify the barriers hampering the adoption of sustainable waste management

practices amongst manufacturing organisations in the iLembe Municipal District.

3.3 Research Design

A research design, according to Creswell (2014: 12), provides a conceptual framework

or blueprint for conducting research. It serves as a framework for the collection of data,

measurement, and analysis. William (2021) posits that the research design can be

thought of as the structure of the research as it is the “glue” that holds all the elements

in a research project together. Thakur (2021) asserted that the research design refers

to the plan that the researcher will adopt to combine the many components of the study
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in a coherent and logical manner to aid the researcher in effectively solving the
research problem.

This study seeks to meet its aim and objectives by carrying out an empirical
investigation. A quantitative research method was utilised to obtain primary
information. The quantitative approach attempts to maximise the objectivity,
replicability and generalisability of results, and are typically interested in prediction. It
entails using numbers to make assertions, provide evidence, describe phenomena,
and determine relationships or correlations.

According to Morrow (2021) and Sukamolson (2007), quantitative research comes in
various forms. For instance, it may be categorised as survey, experimental,
correlational, or causal-comparative research. The survey research method will be
employed by the researcher in this investigation. Morrow (2021) and Sukamolson
(2007) further stated that survey research entails the use of statistical techniques to
measure the characteristics of a given population by means of a designed
guestionnaire and scientific sampling. The advantage of quantitative research is its
simplicity of analysis, as the data collected are in numerical and statistical format.
Furthermore, quantitative data is consistent in that it can be repeated; there are
extremely high levels of reliability; the results can be generalised; the research is
anonymous as people are not required to identify themselves with specificity in the
data collected; the structure of quantitative research allows for broader studies to take

place; and research can be conducted remotely (Gaille, 2019).

3.4 Research Methodology

Patel (2019) refers to methodology as a way to systematically solve a research
problem. It may be understood as a science of studying how research is done
scientifically. It involves various logical steps that are generally adopted by the
researcher while investigating the research problem (Patel, 2019). According to
Neuman (2014), methodology involves understanding the entire research process,
including its social, philosophical, political and ethical aspects. The survey design
method was employed for this study as it is a critical component of measurement, and

it allows for the collection of standardised information from a specific population.
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3.5 Target population

The target population refers to the total group of individuals from which the sample
might be drawn (McLeod, 2019). The term “population” refers to the members of the
group being studied, and the term “sample” refers to a small sub-group of those chosen
to participate in the study (Goodenough and Waite, 2012). The total target population
for this study consists of 262 manufacturing organisations in the iLembe Municipal
District in KwaZulu-Natal. The iLembe District lies on the east coast of KwaZulu-Natal
(KZN). It includes several industrial areas, including the Ballito Business Park, Shaka’s
Head Industrial Park (Ballito), Shaka’'s Kraal Industrial Development, Stanger
Industrial Development (Extension 15) and Stanger Moolla Industrial Park, amongst
other industries (KwaDukuza Municipality, 2022-2023). According to Profile: iLembe
District Municipality (2020), there is a total of 262 manufacturing organisations located
in the iLembe district. Approximately 45 per cent of producers in the district are located
in Isithebe Industrial Estate, with an additional 25 per cent situated in Stanger (iLembe
District Municipality, 2015). Manufacturing activities constitute the second-highest
contributor to the economy of the iLembe District, immediately following real estate
and finance, accounting for an 18.8 per cent share. ‘Food, beverages and tobacco’,
subsequent to ‘wood and paper’; ‘metals and machinery’; and ‘petroleum products,
chemicals, plastics and rubber are amongst the main sectors that contribute to
the manufacturing industry (Profile: iLembe District Municipality, 2020). The sector is
also the third largest employer in the region, employing 16.47 per cent of all those
employed. The manufacturing organisations that participated in this study include, but
are not limited to, plastic, textiles, wood, paper, chemical, petroleum, metal and steel
manufacturers. Due to the relatively small size of the target population, the entire

population was surveyed. Hence, sampling was not utilised in this study.

3.6 Data collection and measuring instrument

In research, data collection refers to the systematic process of gathering observations
or measurements (Bhandari, 2023). Data for this study was gathered by conducting a

guantitative study using a standardised closed-ended questionnaire.
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Slevitch (2011) states that quantitative research is defined as the systematic
investigation of phenomena through the collection of numerical data and the
application of statistical, mathematical or computational techniques. Leedy and
Ormrod (2001) and Williams (2011) agreed by stating that quantitative research entails
gathering data in order to quantify information and apply statistical analysis to either
validate or invalidate alternative claims of knowledge.

The researcher chose a questionnaire above other data collection methods because
of its convenience. According to Taherdoost (2022), in social science research, a
guestionnaire serves as one of the most commonly used data gathering tools. A
guestionnaire's primary goal in an investigation is to gather pertinent data in the most
accurate and credible manner achievable. Thus, precision and consistency in
survey/questionnaire administration are vital components of the research process as

they are associated with validity and reliability.

For this study, a pre-coded, standardised Likert scale questionnaire was utilised. The
Likert scale questionnaire consisted of a statement or a question, followed by a series
of five answer statements. Respondents chose the option that best corresponded with
how they felt about the statement or question. Various contact information was
obtained from the internet, over the phone, through interactions with various
employees in organisations within the region, and by following up on various
suggestions of potential organisations and individuals to contact. The researcher had
created an Excel Spreadsheet with the contact details of several manufacturing
organisations in the iLembe Municipal District in KwaZulu-Natal. The questionnaires
were distributed electronically using a Google Form link. Each participant received a
Uniform Resource Locator (URL) via e-mail, Linkedin and WhatsApp. When the
participant received and clicked on the link, they were directed to an online platform
where they selected their answers to the questions, and finally clicked submit when
they were finished. However, the initial window of the Google Form provides the
participant with pertinent information about the purpose of the study and gives the
potential participant the option of consenting to participate in the survey or not. If the

individual had selected no, the form would not have allowed them to answer the
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remaining questions. The questions appeared only after the participant agreed.
Participants were allowed ten days to complete and submit the questionnaire. Several
reminders were directed to the participants during this time. The completed forms were
automatically saved and accessed through Google Forms, before being exported into
SPSS via Microsoft Excel.

Section A of the questionnaire contains demographic information about the
organisation. Sections B, C and D contain a 5-point Likert scale, which is a type of
psychometric response scale in which participants specify their level of agreement to
a statement in five points: (1) Strongly disagree; (2) Disagree; (3) Neutral; (4) Agree;
and (5) Agree strongly. Section B includes questions about the organisation's waste
generation and waste management or disposal methods. Section C focuses on
strategies used by manufacturing organisations to reduce waste generation in their
production practices and packaging, while Section D focuses on the factors that drive
waste management practices and the barriers that prevent manufacturing
organisations in the iLembe District from adopting sustainable waste management

practices.

3.7 Data capturing, coding and analysis

Data must be examined, separated, and re-arranged to discover significant
descriptions, patterns and correlations. Data capture refers to any process that
transforms the information provided by a respondent into electronic format. This
conversion is either automated or involves manual inputting of the collected data
(Statistics Canada, 2015). Gimenez (2020) stated that the process of standardising
data to ensure that it is correct, consistent and usable is known as data cleaning. Data
cleaning also makes it much easier to detect duplicates and correct incorrect or corrupt
data (Gimenez, 2020). After cleaning the data, the next step is to code it. Any process
that assigns a numerical value to a response is referred to as data coding. Although
coding is frequently automated, more complex decisions usually necessitate human
intervention (coders) (Statistics Canada, 2015). The method of coding is largely

dictated by two considerations (Sultana and Tiba, 2011), namely:
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e The way a variable has been measured in the research instrument (for example,
is the response to a question descriptive, categorical, or quantitative?); and

e The way the result about a variable is communicated to the readers.

Once the cleaning and coding processes are completed, data analysis can begin
(Gimenez, 2015). According to Rubin and Bellamy (2012:68), data analysis is the art
of analysing raw data and coming up with conclusions about how best to interpret that
data. After gathering data, it must be transformed into an analysis-ready format so that
conclusions or new results may be discovered (Hussain, 2020).
In this quantitative research study, the completed questionnaires were collated and
numerically referenced to facilitate the process of data capturing. The data was
reduced to statistical categories before it could be analysed and interpreted using the
Statistical Package for Social Sciences (SPSS), version 27. Charts, graphs and
statistics were generated to present the quantitative data.
The following analyses were conducted:

e examining frequency distribution tables and demographic items;

e examining the variability of relevant demographic information and Likert scale

items;
e cross-tabulating survey items and average factor scores; and

e conducting appropriate statistical tests on the study hypotheses.

3.8 Pilot testing

Wright (2021) asserts that “pilot testing is a rehearsal of one’s research study that
allows one to evaluate one’s research method with a small group of test participants
before undertaking the main study”. A pilot test is indispensable because no
researcher can prepare a questionnaire perfectly at the first attempt. For this study, a
sample of 10 organisations were selected from the original target population, and
based on the feedback received, the questionnaire was amended to remove any
ambiguities and superfluous questions.
Changes were made to the following areas:

e Under the profile of respondents’ section, Manager was changed to General

Manager.
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e Under Waste management/disposal methods, Sanitary landfills were changed

to Landfills to avoid any confusion.

3.9 Delimitations

The study was conducted only amongst manufacturing organisations based within the

iLembe Municipal District in KwaZulu-Natal.

3.10 Validity and Reliability

Middleton (2021) explained that the terminologies’ “reliability” and “validity” are used
to assess the quality of research. They describe the accuracy with which a method,
approach or test measures what it is required to measure. Middleton (2021) further
stated that while reliability is concerned with a study's coherence, validity is the extent
to which the study accurately examines the particular concept that the researcher
wishes to measure. According to Kobus (2016), reliability is the degree of consistency
or repeatability of an instrument. The questionnaire's consistency aids in measuring
what it is designed to measure in the primary study. The questionnaire will be pilot
tested to ensure that it accurately assesses the topics that it is designed to measure.
Validity will be determined by comparing the questions in the data collecting tool to the
research objectives to see if they cover all aspects of the study. This will allow the
researcher to determine whether the questionnaire accurately measures the variables
of interest.

The reliability of the instrument was evaluated by means of internal consistency, as
indicated by alpha coefficient reliability or Cronbach’s Alpha. Tavakol (2011) reported
that the Cronbach's Alpha coefficient is a metric of internal coherence that suggests
how closely associated a set of items are. Tavakol (2011:54) further asserts that “a
reliability co-efficient lower than 0.50 is considered unacceptable; if it falls between
0.50 and 0.60, it is regarded as significant, and if it is above 0.70, it is good and
acceptable.” Moreover, the measurement instrument has been reviewed by an
accredited and experienced statistician to obtain independent feedback. This study's
aggregate Cronbach Alpha is 0.70, which indicates that there is an acceptable degree

of reliability in this investigation.
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Table 3. 1: Aggregate Cronbach Alpha

Cronbach
Four Objectives: Alpha:
e to establish the types of waste generated and the waste disposal
measures that manufacturing organisations in the iLembe Municipal 0.70
District employ;
e toinvestigate the strategies employed by manufacturing organisations
in the iLembe Municipal District to minimise waste; 0.854
e to identify the drivers of sustainable waste management practices
among manufacturing organisations in the iLembe Municipal District 0.812
and
e to identify the barriers hampering the adoption of sustainable waste
management practices amongst manufacturing organisations in the 0.434
iLembe Municipal District.
AGGREGATE CRONBACH ALPHA: 0.70

3.11 Analysis of data

3.11.1 Challenges encountered during the data collection process

Due to the paucity of information available pertaining to waste management practices
amongst manufacturing organisations in iLembe, obtaining contact information for the
relevant organisations proved extremely difficult. The researcher had to search the
internet for contact information and, where possible, requested recommendations from

random entities in the iLembe Municipal District.

The total number of organisations surveyed was 262, but when the statistics were
calculated and drawn from SPSS only 191 questionnaires were completed by

participants and received for the purpose of this study. Out of the 191 responses, only
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184 responses were deemed credible for use for in the data analysis. This means that
only 70 per cent of the survey's intended target population had successfully
responded. The questionnaire was submitted to only one participant from each
organisation to ensure that respondents from the same organisations do not
purposefully manipulate or influence the results by responding in the same way.
Furthermore, data is more manageable when kept as one per organisation, and it is
easier to track which organisation or participant from an organisation responded and

who did not.

The survey was developed using the Google Forms software application. Google
Forms is a survey management application that helps individuals and businesses
create online surveys and questionnaires to collect and organise information.
Questionnaires were distributed electronically via email, WhatsApp and LinkediIn.
Where participants did not have an email address, the questionnaire had to be sent to
them via WhatsApp.

The survey's instrument was initially designed in a way that participants were required
to provide their email address in order to be eligible to participate in the survey as this
could have assisted the researcher in identifying which participant had responded and
who did not. As a result, the response rate was extremely low because most
participants preferred to remain anonymous.

When the researcher sought an explanation from certain participants as to why they
did not complete the survey, some indicated that they preferred not to disclose
their email addresses because they were concerned that disclosing this information
could be traced back to them. The survey's response rate only strengthened following
the researcher’s removal of this requirement.

The researcher found it increasingly difficult to determine who had completed the
survey and who had not as the responses began to accumulate on the Google Forms
Web Application. This also made it exceedingly difficult to direct alerts to individual
organisations, so the researcher had to distribute group emails to potential participants
to remind them to respond to the survey without frustrating respondents who had

already completed the questionnaire.
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Several group reminders were directed to potential participants via e-mail, LinkedIn
and WhatsApp to encourage them to complete and submit the questionnaires so that
the researcher could begin the data cleaning and analysis process. Potential
participants were also contacted via cellular phone and telephonically to inquire about

their participation in the survey.

3.11.2 Opportunities for further research

The survey explored only four objectives, but additional information on the barriers
preventing manufacturing organisations in the iLembe Municipal District from adopting

sustainable waste management practices remains to be gathered.

3.11.3 Limitations of the study

This survey was designed specifically for Manufacturing companies in the iLembe
Municipal District. Although a significant amount of data was available as this study
pertains to a real-world problem, participation from groups outside the area was
prohibited.

3.12 Ethical considerations / confidentiality and anonymity

The purpose of ethical consideration in research is to protect participants from the
potentially negative effects of research activities (Marshall and Rossman, 2014:73).
The researcher assured the participants that stringent confidentiality would be
maintained and that they would not be required to divulge any personal information
about themselves. The empirical study was carried out in accordance with the Durban
University of Technology's research ethics policy and procedures. Ethical clearance
for the present investigation was acquired from the Durban University of Technology's
Institutional Research Ethics Committee (refer to Annexure A). The research
participants provided informed consent. Letters of Information and Consent are
included in Annexure B and were forwarded to potential participants from the
manufacturing organisations in iLembe. The researcher assured the participants that
strict confidentiality would be maintained and that they would not be required to reveal
any details about themselves, as the privacy and confidentiality of participants are

areas of great consideration in terms of ethics and according to the Protection of
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Personal Information Act of South Africa (POPIA). Consequently, the identities of all
research participants will be kept confidential, and their privacy and anonymity will be

respected.

3.13 Conclusion

This chapter described the primary elements of the research approach and design
employed for the present study. The data collection method, study limitations and
measures taken to avoid partiality throughout the research process were all discussed
here. The deliberations were concluded by real-world activities such as data collection
and analysis, followed by ethical considerations.

Chapter Four focuses on analysing the analysis. The results of the survey will be

presented, analysed and the empirical research results will be reviewed.
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CHAPTER FOUR

PRESENTATION OF RESULTS AND ANALYSIS

4.1 Introduction

The preceding chapter offered a discussion on the research methodology of this study.
This chapter analyses and reports on the results generated after executing the

statistical techniques identified in Chapter 3.

This chapter focuses on the data analysis and interpreting the results. Thus, the results
are analysed using various tables and numerical cross-tabulations. Responses from
participants were directed towards establishing the nature and extent to which
manufacturing organisations in the iLembe Municipal District in KwaZulu-Natal have
adopted sustainable waste management practices. The researcher was able to
effectively interpret the results from the study by analysing and testing relevant areas
of the chapter while linking them to the literature review. Comparative descriptive
statistics, correlation analysis, chi-square tests, t-tests, central tendency descriptive

statistics, and the interpretation of the findings are discussed in this chapter.

4.2 Descriptive statistics

Hillier (2023) stated that “the term descriptive statistics refers to the analysis,
summary, and presentation of findings related to a data set derived from a sample or
entire population”. Descriptive statistics are an essential component of the results and
should be examined carefully by the reader and presented in a logical and
comprehensive manner by the authors. They are provided in the text, tables and

figures.

Tables and figures are most useful when there is a large sample size and when there
is a variety of important demographic and clinical characteristics that need to be
summarised. Descriptive statistics provide the necessary information for the reader to
interpret the results and determine if they can be applied as a critical component of

evidence-based practice (Fulk, 2023).
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Descriptive analysis also incorporates frequencies, measures of central tendency, and
measures of dispersion. The following Likert scale metrics will be employed to interpret

the results:

Strongly disagree
Disagree
Neutral / uncertain (that is, neither disagree nor agree)

Agree

ok~ N

Strongly agree.

4.3 Measures of Central Tendency in descriptive statistics

According to Taylor (2022), measures of central tendency are general measures that
summarise a range of data with a single value that accurately reflects the characteristic
of the data. In addition, central tendency is a category of descriptive statistics that
includes the variability (dispersion) of a set of data (Taylor, 2023). Fulk (2023) states
that the mean, median and mode are the three main measures of central tendency. In

this study, the mean is used.

The mean is the arithmetic average value, median the middle value and mode the
most common value in a series of observations (Hayes, 2023). As indicated by Calzon
(2023), a mean signifies the numerical average of several responses. When analysing
a collection of data or a number of data constructs, it represents the central value of a
specific set of numbers. It symbolises the sum of the values divided by the total number
of values within a range of data. Arithmetic mean, average and mathematical

expectations constitute additional expressions for the concept (Calzon, 2023).

Wanjohi and Syokau (2021) explained that “a Likert scale mean scoring evaluates the
attitude that was determined based on the argument that a mean score of 3 in the
Likert scale represents a neutral attitude, a mean score of less than 3 represents a
negative attitude, and greater than 3 represents a positive attitude”. The range of
interpreting the Likert scale mean score was presented as follows: 1.0-2.4 (Negative
attitude), 2.5-3.4 (Neutral attitude), and 3.5-5.0 (Positive attitude)”.
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4.4 Chi-square test

McClenaghan (2023) states that the Pearson’s chi-squared test, frequently referred to
as the y?test, is a statistical hypothesis test used in the analysis of categorical
variables to evaluate whether observed data deviate from expectations. The

interpretation of a chi-square test relies on the following conditions (Bevans, 2022):

e |If the p-value is less than or equal to 0.05, there is a statistically significant
relationship.
e If the p-value is greater than 0.05, there is NO statistically significant

relationship.

Turban (2020) agrees and states that chi-squared tests are a commonly used non-
parametric test, meaning that they do not assume the distributions of the data involved
(for example, a normal distribution). Rather, the test relies on the Chi-squared

distribution, a theoretical distribution of values for a population.

The chi-square test is examined under three titles, namely the Goodness of fit test,
Homogeneity test and Independence test, depending on its purpose and condition of
application. In this study, the independence test was used. Turner (2022) explained
that the Independence test determines whether there is an association between
categorical variables (that is, whether the variables are independent or related). It is a
non-parametric test that draws conclusions about a population from a sample Turner
(2022) added that in order to perform a chi-square test of independence, the best way
to organise one’s data is a type of frequency distribution table called a contingency
table, also known as a cross-tabulation or crosstab, which demonstrates the number

of observations in each combination of groups.

4.5 Cross-tabulations

According to Yatmar, Ramli, Pasra, and lkbal (2022), a cross-tabulation is
characterised by the presence of two or more variables with a link, often in the form of
qualitative data. It is typically applied to categorical data, which can be divided into

mutually exclusive groups and a crosstab sub-menu presents data in a tabular format

79



that consists of rows (Aprameya, 2016) and columns (Gupta, 2023). It is used to
examine relationships within data that may not be readily apparent (Faridi, 2017).
Many studies suggest that cross-tabulation is one of the most preferred methods of
analysing market research or survey data and can be done through tools such as the
Statistical Package for the Social Sciences (SPSS), Statistical Analysis System (SAS),
and Microsoft Excel (Aprameya, 2016).

4.6 Cronbach alpha reliability tests

Bujang, Omar and Baharum (2018) state that Cronbach’s alpha is a measure of the
internal consistency or reliability between several statements (items), metrics or
ratings. It measures the reliability of a questionnaire's (or a domain of a
guestionnaire's) responses, an instrumentation, or a rating provided by respondents
which will indicate the stability of the tools.

According to Tavakol and Dennick (2011), Lee Cronbach established alpha in 1951 as
a way to gauge the internal consistency of a rating system or test. It is represented by
a numerical value between 0 and 1. The ability to reconstruct the same results from a
study if it is repeated is referred to as ‘reliability’. Reliability and validity are key
concepts in determining the quality of research conducted (Mohajan, 2017). The
reliability of the research instrument for this study was determined by the Cronbach’s
Alpha value. George and Mallery (2019) provided the rule of thumb for assessing the
Cronbach’s Alpha value for a dichotomous or Likert scale instrument. The alpha values

are presented in Table 4.1 below.

Table 4. 1: Characteristic interpretations for various Cronbach Alpha values

Cronbach’s Alpha Internal consistency
09<a Excellent

0.8<a<0.9 Good

0.7<a<0.8 Acceptable
0.6<a<0.7 Questionable
0.5<a<0.6 Poor

a<0.5 Unacceptable
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Source: George and Mallery (2019); Bobbitt (2021)

The Cronbach’s Alpha has a value between 0 and 1. The closer the Cronbach’s Alpha
value to 1, the greater the level of internal consistency of the item within the scale
(Faculty Survey of Student Engagement (FSSE), 2017). According to George and
Mallery (2019), a Cronbach’s Alpha value above 0.90 indicates excellent internal
consistency; above 0.80 is good; above 0.70 is acceptable; above 0.60 is

guestionable; above 0.50 is poor; and below 0.50 is unacceptable.

Alpha if Item Deleted is probably the most important column in a table as it represents
the scale’s Cronbach’s alpha reliability coefficient for internal consistency if the
individual item is removed from the scale (Gliem and Gliem, 2003). The elimination of
less-reliable items should be based not only on a statistical basis but also on a
theoretical and logical basis. In addition, it is recommended that the whole sample be

divided into two and cross-validated (Kopalle and Lehmann, 1997).

Having described the tools and techniques used in this chapter, Section A presents
and discusses the response rates of participants in this study, in addition to the profiles

of respondents.

SECTION A:

Section A considers the demographic information of participants and the response rate

of participants, in addition to the profiles of the respondents.

4.7 Response rate

This section was established to determine the total number of respondents who
participated in this research study. Table 4.2 indicates the total population, the total

number of survey responses, and the percentage of usable responses.

Table 4. 2: Response rate

TOTAL POPULATION 262

TOTAL RESPONSES 184
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USABLE REPONSE RATE 70.23%

The researcher distributed 262 questionnaires to organisations in the study area, and
184 questionnaires were completed and submitted by participants, representing a
response rate of 70.23 per cent. The response rate was adequate for drawing
meaningful conclusions and was considerably higher than the response rate to a
similar study conducted in Windsor, United States of America, where a response rate
of 31.3 per cent from a sample size of 230 organisations was deemed acceptable for
drawing meaningful conclusions (Coalition for American Electronics Recycling, 2013).
The empirical research results are presented, analysed and discussed below in

accordance with the research instrument's questions.

4.8 Profile of Respondents

The following sub-section presents the profiles of respondents in discrete and
continuous data, which considers their occupational levels, age categories, levels of
education and forms of ownership. The tables below contain Count to indicate the
guantity of respondents and percentages (%) to indicate the frequency of responses.

4.8.1 Occupational levels

The occupational levels of the respondents are shown in Table 4.3 below. The purpose
of this subset was to identify which occupational level the majority of the respondents

belonged to.

Table 4. 3: Occupational levels of respondents

Occupational Levels Total
Proprietor Count 22
% of Total 12.0%
General manager Count 18
% of Total 9.8%
Production manager Count 31
% of Total 16.8%
Head of department / Supervisors  Count 56
% of Total 30.4%
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Other Count 57
% of Total 31.0%
Total Count 184
% of Total 100%

The majority of the respondents in this segment, at 31.0 per cent, had selected Other,
which included a variety of employment categories that were not specified in the above
table. Heads of Department / Supervisors accounted for 30.4 per cent and had the
second highest response rate. Production managers accounted for 16.8 per cent and
had the third highest response rate. The remaining occupational levels were General

managers at 9.8 per cent and proprietors at 12.0 per cent.

4.8.2 Age categories

The age groups of the respondents are shown in Table 4.4 beneath. Age was classified
into three groups: 18-34 years, 35-59 years, and 60 years and above. The aim of this
table was to determine which age group most of the respondents belonged to.

Table 4. 4: Age categories of the participants

Age range Total
18-34yrs Count 51
% of Total 27.7%
35-59yrs Count 118
% of Total 64.1%
60+yrs Count 15
% of Total 8.2%
Total Count 184
% of Total 100%

The age group 35-59 years made up the highest representation of responses at 64.1
per cent. The second highest representation consisted of participants between the
ages of 18-34 at 27.7 per cent. Respondents 60 years and beyond made up the lowest
representation of respondents at 8.2 per cent.
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4.8.3 Level of Education

Table 4.5 indicates the educational qualification of the respondents in this study. The
objective of this table was to determine the diverse educational levels of the

respondents.

Table 4. 5: Level of Education

Level of educational qualification Total
Grade 12 Count 54
% of Total 29.3%
Diploma/Degree Count 69
% of Total 37.5%
Postgraduate degree Count 16
% of Total 8.7%
Other Count 45
% of Total 24.5%
Total Count 184
% of Total 100%

Table 4.5 displays the distribution of respondents by level of education, with Diploma
or a degree, Grade 12, Other, and Postgraduate degree at 37.5%, 29.3%, 24.5%, and

8.7% respectively.

4.8.4 Forms of Ownership

Table 4.6 depicts the various types of ownership to which the respondents belong. The
objective of this table was to determine which form of ownership the majority of the

respondents belong to.

Table 4. 6: Forms of Ownership

Forms of ownership Total
Sole proprietorship Count 42
% of Total 22.8%
Partnership Count 24
% of Total 13.0%
Closed Corporation Count 14
% of Total 7.6%
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Private Company Count 67
% of Total 36.4%
Public Company Count 37
% of Total 20.1%
Total Count 184
% of Total 100%

According to Table 4.6, 36.4 per cent of respondents work for privately owned
businesses, which represented the majority of the respondents. Sole proprietorships
account for 22.8 per cent of all businesses. Public companies accounted for 20.1 per
cent, partnerships accounted for 13.0 per cent, while responders from Closed

Corporations received the lowest response rate at 7.6 per cent.

The demographic information from this study can be compared to that of Govender
(2016). In terms of cohorts used, the studies were similar in that they both focused on
waste management and were aimed at South African organisations, specifically those

in the KwaZulu-Natal region of South Africa.

Having presented the profiles of respondents both in discrete and continuous data, the
next section (B) discusses the level of participation from diverse sectors of raw
materials and finished products, types of waste generated, and methods used by
manufacturing organisations in the iLembe Municipal District to dispose of their waste.

SECTION B:

The purpose of Section B is to establish whether the manufacturing sectors in the
Municipal District of iLembe are using environmentally conscious methods for
managing waste. The following subsections will be explored: sectors of raw materials
and finished products, types of waste generated, and various methods utilised by

manufacturing organisations in the iLembe Municipal District to dispose of their waste.

4.9 Sectors of raw materials and finished products

The primary objective of this sub-set was to establish the level of participation from
various types of manufacturing organisations in the Municipal District of iLembe. Table
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4.7 displays the frequencies and percentages of responses for each of the alternatives
presented below.

Table 4. 7: Sectors of raw materials and finished products

Sectors of raw materials and finished products Total
Automotive components Count 14
% of Total 7.6%
Electrical machinery; Apparatus Count 15
% of Total 8.2%
Food; Beverages; Tobacco Count 50
% of Total 27.2%
Furniture manufacturing Count 15
% of Total 8.2%
Metal products; Machinery; Count 21
Equipment % of Total 11.4%
Paper; Printing Count 18
% of Total 9.8%
Petroleum; Chemical products Count 14
% of Total 7.6%
Plastic; Rubber products Count 19
% of Total 10.3%
Textiles; Clothing; Leather goods Count 18
% of Total 9.8%
Total Count 184
% of Total 100%

4.9.1 Interpretation of the data:

Table 4.7 illustrates various sectors of raw materials and final product manufacturing
sectors such as Automotive components manufacturing sector, Electrical machinery
and Apparatus manufacturing sector, Food, Beverages and Tobacco manufacturing
sector, Furniture manufacturing sector, Metals, Metal Products, Machinery and
Equipment manufacturing sector, Paper and Printing sector, Petroleum and Chemical
products sector, Petroleum and Chemical products: Foam manufacturing sector,
Plastic and Rubber products manufacturing sector and Textiles, Clothing and Leather
goods manufacturing sector at 7.6%, 8.2%, 27.2%, 8.2%, 11.4%, 9.8%, 7.6%, 10.3%

and 9.8% respectively.
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The Food, beverage and tobacco sector had the highest response rate at 27.2 per
cent. Metals, Metal Products, Machinery and Equipment received the second highest
response rate at 11.4 per cent. The Petroleum and Chemical products sector and the
Automotive components manufacturing sector received the lowest response rate at

7.6 per cent.

4.10 Types of waste generated by Manufacturing organisations in the

iLembe Municipal District

The objective of this sub-section is to determine the types of waste generated by
manufacturing organisations in the Municipal District of iLembe in KwaZulu-Natal.
Respondents were allowed to select more than one options in this respect. The
frequencies and percentages of their responses for each of these options are

presented in Table 4.8 below.

Table 4. 8: Types of waste generated in the Municipal District of iLembe in
KwaZulu-Natal

Types of waste generated in iLembe Total
Chemical Waste Count 56
% of Total 30.4%
Solid Waste Count 55
% of Total 29.9%
Metal waste Count 54
% of Total 29.3%
Plastic waste Count 53
% of Total 28.8%
Other Count 50
% of Total 27.2%
Toxic waste Count 49
% of Total 26.6%
Food processing waste Count 48
% of Total 26.1%
Used Lubricants Count 45
% of Total 24.5%
Electronic waste Count 40
% of Total 21.7%
Wood and paper waste Count 37
% of Total 20.1%
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Laboratory waste Count 37
% of Total 20.1%
Radioactive Count 8
% of Total 4.3%

4.10.1 Interpretation of the data:

According to Table 4.8, the types of waste generated by manufacturing organisations
in the Municipal District of iLembe are Chemical waste, Solid waste, Metal waste,
Plastic waste, Other waste, Toxic waste, Food processing waste, Used Lubricants
Electronic waste, Wood and paper waste, Laboratory waste and Radioactive waste at
30.4%, 29.9%, 29.3%, 28.8%, 27.2%, 26.6%, 26.1%, 24.5%, 21.7%, 20.1%, 20.1%
and 4.3% respectively.

Chemical waste is the most prominent type of waste generated in the Municipal District
of iLembe, accounting for 30.4 per cent, while radioactive waste accounts for 4.3 per

cent.

4.11 Methods used by manufacturing organisations in the iLembe

Municipal District to dispose of their waste

Several options were presented to respondents via a Likert scale questionnaire in
respect of how their organisation’s waste is disposed of, as well as the level of
agreement and disagreement for each option. The sub-sections below provide
information on waste re-used to manufacture other products, recycling in-house,

incineration, landfills, amongst others.

4.11.1 Waste re-used to manufacture other products

The purpose of this sub-section was to determine whether manufacturing
organisations in the iLembe Municipal District in KwaZulu-Natal re-used their waste to
manufacture other products. Table 4.9 represents the level of association between
diverse manufacturing sectors in the iLembe Municipal District in KwaZulu-Natal and

their level of agreement on re-using their waste to manufacture other products.

Table 4. 9: Waste re-used to manufacture other products
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Waste re-used to manufacture other products Disagree Agree p-value Overall

(N=74) (N=110) (N=184)
Raw materials used / Final products Chi-sq.,

p<0.001

Automotive components 3(4.1%) 11 (10.0%) 1.000 14 (7.6%)
Electrical machinery; Apparatus 6 (8.1%) 9 (8.2%) 1.000 15 (8.2%)
Food; Beverages; Tobacco 34 (45.9%) 16 (14.5%) <0.001 50 (27.2%)
Furniture manufacturing 1(1.4%) 14 (12.7%) 0.051 15 (8.2%)
Metals; Metal products; Machinery; 4 (5.4%) 17 (15.5%) 0.563 21 (11.4%)
Equipment
Paper; Printing 8 (10.8%) 10 (9.1%) 1.000 18 (9.8%)
Petroleum; Chemical products 4 (5.4%) 9 (8.2%) 1.000 13 (7.1%)
Petroleum; Chemical products: Foam 0 (0.0%) 1(0.9%) 1.000 1 (0.5%)
manufacturer
Plastic; Rubber products 1(1.4%) 18 (16.4%) 0.008 19 (10.3%)
Textiles; Clothing; Leather goods 13 (17.6%) 5(4.5%) 0.049 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.11.1.1 Interpretation of the data:
According to Table 4.9, most of the respondents, at 59.8 per cent, agreed that
manufacturing organisations in the iLembe Municipal District were committed to re-

using waste to manufacture other products, while 40.2 per cent disagreed.

The majority of the respondents for the Automotive components manufacturing sector,
Electrical machinery and Apparatus manufacturing sector, Furniture manufacturing
sector, Metals, Metal products, Machinery and Equipment manufacturing sector, Paper
and Printing sector, Petroleum and Chemical products sector, Petroleum and Chemical
products: Foam manufacturing sector and the Plastic and Rubber products
manufacturing sector agree with the re-use of waste to manufacture other products at
10.0%, 8.2%, 12.7%, 15.5%, 9.1%, 8.2%, 0.9% and 1.4% respectively.

In the remaining sectors, 45.9 per cent of respondents in the Food, Beverage and
Tobacco manufacturing sector and 17.6 per cent in the Textiles, Clothing and Leather

goods sector had disagreed with the re-use of waste to manufacture other products.
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The p-values for the Food, Beverage, and Tobacco manufacturing sector; Furniture
manufacturing sector; Plastic and Rubber products; and the Textiles, Clothing and
Leather goods sectors indicate a significant level of association between these sectors
and the re-use of waste to manufacture other products with p-values less than the 0.05
level of significance at 0.001, 0.008 and 0.049 respectively. The null hypothesis is thus
rejected. This indicates that these sectors are more likely than the rest to re-use their

waste to manufacture other products.

4.11.1.2 Discussion:

The examples of waste re-used for manufacturing other products are tremendous.
In an investigation of manufacturing organisations in Beni, Democratic Republic of
the Congo, 53 percent of respondents agreed that manufacturing organisations
in Beni City had adopted the re-use strategy (Jolie, 2022). The results emphasised
the importance of an effective waste reduction strategy to help the organisation
maintain control over the inputs, intermediate goods, finished goods and sources of

waste, inter alia (Jolie, 2022).

Visvanathan, Parasnis and Janesiripanich (1998) conducted an environmental audit
in a Thai rice cracker factory. The factory was experiencing environmental issues that
hampered the operation of the Effluent Treatment Plant (ETP). The main issue was
inadequate waste management as a result of the rice cracker manufacturing process,
which included soaking, cooking and washing. This resulted in water waste, noise,
high temperatures, and dust. An environmental audit was then conducted which
identified the possibility of a 25 per cent reduction in water consumption by re-using
the water, segregation of waste and solids recovery, assisting in increasing not only
the operational efficiency of ETP but also in bringing financial benefits to the company.

According to a study by Li, Qin, Zhu and Zhang (2023), manufacturers of electrical and
electronic products and recycling businesses are progressively integrating.
Collectively, these organisations have created a reverse recycling network to prevent
illegal confidential dismantling and enhance the rate at which waste electrical and
electronic equipment and materials are recovered during the recycling process (Shan

and Yang, 2020). Metals and plastics that have been re-purposed from further
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processing are immediately re-used in the manufacture of novel electrical and
electronic goods, resulting in a material closed-loop process. This loop serves as a
model for China and helps to steer the entire industry toward green and low-carbon
processes. GEM is the first company listed for urban mining and has established 16
waste recycling and new energy material parks in 11 provinces and municipalities in
China, while also addressing global technical challenges and making breakthroughs
at key technical bottlenecks for green treatment and recycling of waste batteries,
WEEE, waste plastics and scrap vehicles. GEM is now the world's leading waste

recycling enterprise (Li, Qin, Zhu and Zhang, 2023).

In an alternative study, Wansia, D’Ansa, Gondaa, Segatoa and Degreza (2018)
highlighted that “the recycling potential of neodymium and tantalum from end-of-life
mobile phones is significant, given the large amounts of mobile phones that are
discarded every year worldwide”. The authors further emphasised that “the separation
techniques used in this study were easily transferable to a larger scale. In order to
reduce the costs associated with the manual dismantling step, mobile phones could
be mechanically pre-treated in a work integration social enterprise”. Mobile phones
could be disassembled manually into component parts such as plastic structures,
metal structures, PCAs, batteries, amongst other things. Moreover, there are
alternative uses for engineering thermoplastic polymer-based plastic frames besides
energy recovery. Given the high proportion of plastics in the total weight of mobile
phones, re-using them would aid in meeting the minimum recycling target (Wansia,

D’Ansa, Gondaa, Segatoa and Degreza, 2018).

4.11.2 Recycling in-house as a waste disposal method

The aim of this sub-section was to determine whether manufacturing organisations in
iLembe recycled their waste in-house as a waste disposal method. Table 4.10 depicts
the level of association between diverse manufacturing sectors in the iLembe
Municipal District in KwaZulu-Natal and the use of recycling waste in-house as a
frequent waste disposal method.

Table 4. 10: Recycling in-house as a waste disposal method
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Waste recycled in-house Disagree Agree p-value Overall

(N=71) (N=113) (N=184)
Raw materials used / Final products Chi-sq.,

p = 0.002

Automotive components 3(4.2%) 11 (9.7%) 1.000 14 (7.6%)
Electrical machinery; Apparatus 6 (8.5%) 9 (8.0%) 1.000 15 (8.2%)
Food; Beverages; Tobacco 29 (40.8%) 21 (18.6%) 0.012 50 (27.2%)
Furniture manufacturing 3(4.2%) 12 (10.6%) 1.000 15 (8.2%)
Metals; Metal products; Machinery; 5(7.0%) 16 (14.2%) 1.000 21 (11.4%)
Equipment
Paper; Printing 7 (9.9%) 11 (9.7%) 1.000 18 (9.8%)
Petroleum; Chemical products 4 (5.6%) 9 (8.0%) 1.000 13 (7.1%)
Petroleum;  Chemical products: Foam 1(1.4%) 0 (0.0%) 1.000 1 (0.5%)
manufacturer
Plastic; Rubber products 2 (2.8%) 17 (15.0%) 0.110 19 (10.3%)
Textiles; Clothing; Leather goods 11 (15.5%) 7 (6.2%) 0.449 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.11.2.1 Interpretation of the data:
According to Table 4.10, the maijority of the respondents, at 61.42 per cent, agreed
that manufacturing organisations in the iLembe Municipal District were committed to

recycling waste in-house as a waste disposal method, while 38.58 per cent disagreed.

The majority of respondents for the Automotive components manufacturing sector,
Electrical machinery and Apparatus manufacturing sector, Furniture manufacturing
sector, Metals, Metal products, Machinery and Equipment manufacturing sector, Paper
and Printing sector, Petroleum and Chemical products sector and the Plastic and
Rubber products sector agree with the recycling of waste in-house as a waste disposal
method at 9.7%, 8.0%, 10.6%, 14.2%, 9.7%, 8.0% and 15.0% respectively.

In the remaining sectors, 40.8 per cent of respondents in the Food, Beverage and
Tobacco manufacturing sector; 1.4 per cent in the Petroleum and Chemical products:
Foam manufacturer and 15.5 per cent in the Textiles, Clothing and Leather goods

sector disagreed with the recycling of waste in-house as a waste disposal method.

92



The p-value for the Food, Beverage and Tobacco manufacturing sector at 0.012
indicates a significant level of association with the recycling of waste in-house as a
waste disposal method, as the p-value is less than the 0.05 level of significance.
Therefore, the null hypothesis is rejected. This implies that this sector is more likely

than the rest to recycle their waste in-house as a waste disposal method.

4.11.2.2 Discussion:

Elsheikh, Panchal, Shanmugan, Muthuramalingam, El-Kassas and Ramesh (2022)
presented a comprehensive review of Wood-plastic composite (WPC) manufacturing
techniques, including the pre-processing of composite ingredients and post-
processing of WPC products. WPC is a composite material made of plastic as a matrix
and wood as filler (Gardner, Han and Wang, 2015). Recycling WPC lowers the cost of
raw materials whilst also conserving the environment and providing economic benefits.
Waste WPC may result from the manufacturing process or from post-consumer
sources. The main advantage of in-house recycling is the reduced cost of material
collection and transportation (Elsheikh, Panchal, Shanmugan, Muthuramalingam, El-
Kassas and Ramesh, 2022). The constituent materials are preserved in their original
forms, as with other composite materials, and are incorporated to create a new
composite material at low cost. It exists in planks or beams and can be used in a
variety of applications such as outdoor deck floors, railings, park benches, car door
linens, car seat backs, fences, door and window frames, timber-plate structures, and

indoor furniture (Haque, Goda, Ogoe and Sunaga, 2019).

On a positive note, in Table 4.10, a majority of the respondents at 61.42 per cent
agreed, while 38.58 per cent disagreed with recycling in-house as a waste disposal
method.

4.11.3 Incineration as a waste disposal method

The objective of this sub-section was to determine whether or not manufacturing
organisations in iLembe incinerated their waste as a waste disposal method. Table
4.11 presents the level of association between diverse manufacturing sectors in the
iLembe Municipal District in KwaZulu-Natal and the use of incineration as a common

waste disposal method.
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Table 4. 11: Incineration as a waste disposal method

Incineration Disagree Agree p-value Overall
(N=96) (N=88) (N=184)
Raw materials used / Final products Chi-sq.,
p<0.001
Automotive components 5(5.2%) 9 (10.2%) 1.000 14 (7.6%)
Electrical machinery; Apparatus 5(5.2%) 10 (11.4%) 1.000 15 (8.2%)
Food; Beverages; Tobacco 44 (45.8%) 6 (6.8%) <0.001 50 (27.2%)
Furniture manufacturing 7 (7.3%) 8(9.1%) 1.000 15 (8.2%)
Metals; Metal products; Machinery; Equipment 3(3.1%) 18 (20.5%) 0.003 21 (11.4%)
Paper; Printing 10 (10.4%) | 8(9.1%) 1.000 18 (9.8%)
Petroleum; Chemical products 3(3.1%) 10 (11.4%) 0.419 13 (7.1%)
Petroleum; Chemical products: Foam manufacture 1(1.0%) 0 (0.0%) 1.000 1(0.5%)
Plastic; Rubber products 14 (14.6%) 5(5.7%) 0.548 19 (10.3%)
Textiles; Clothing; Leather goods 4 (4.2%) 14 (15.9%) 0.113 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.11.3.1 Interpretation of data:
According to Table 4.11, the majority of respondents at 52.18 per cent disagreed that
manufacturing organisations in the iLembe Municipal District were committed to the

incineration of waste as a waste disposal method, while 47.82 per cent agreed.

The majority of respondents for the Food, Beverage and Tobacco manufacturing
sector; Paper and Printing sector; Petroleum and Chemical products: Foam
manufacture; and Plastic and Rubber products sector disagree with the incineration of
waste at 45.8%, 10.4%, 1.0% and 14.6% respectively.

In the remaining sectors, 10.2 per cent of the Automotive components manufacturing
sector; 11.4 per cent of Electrical machinery and Apparatus manufacturing sector, 9.1
per cent of the Furniture manufacturing sector, 20.5 per cent of the Metals, Metal
products, Machinery and Equipment manufacturing sector, 11.4 per cent of the

Petroleum and Chemical products manufacturing sector and 15.9 per cent of Textiles,
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Clothing and Leather goods manufacturing sector had agreed with the incineration of

waste as a waste disposal method.

The p-values for the Food, Beverage and Tobacco manufacturing sector and Metals,
Metal products, Machinery and Equipment manufacturing sectors indicate a significant
level of association between these sectors and the incineration of waste as a waste
disposal method with p-values less than the 0.05 level of significance, at 0.001 and
0.003 respectively. Therefore, the null hypothesis is rejected as these sectors are more

likely than the rest to incinerate the waste that they generate.

4.11.3.2 Discussion:

Traditionally, a ban on landfills incentivised waste incineration, and the strategic
integration of combined heat and power plants and recycling of waste heat from
industry increased energy efficiency in the energy system (Johansen and Werner,
2022). For decades, wealthy countries such as Japan, South Korea, Sweden, Finland
and the United Kingdom have relied on incineration to deal with rising consumer and
industrial waste. There are over 1 000 incinerators in Japan and over 500 in European
countries such as Germany, Sweden and Denmark, which burn thousands of tons of
municipal waste each year and use the heat to generate up to 4.2 gigatonnes in Japan
and 10.5 gigatonnes in Europe (Wachpanich and Coca, 2022). However, Wachpanich
and Coca (2022) further stated that incineration is no longer considered green or
renewable in the most recent European Union taxonomy, which specifies how the
bloc's 19 member states deploy systems and technologies related to renewable
energy and waste reduction. Incinerators will be required to pay a carbon tax for their

emissions in Germany and, most likely, other countries soon after.

According to several Doctors from the University of Sydney, Dr Dembek, Dr Moglia,
Dr Nygaard, Dr Taffe and Dr Woodcock (2021), the advantage of waste incineration is
that it reduces emissions from landfills and the environment, which more than offsets
the emissions associated with transporting and burning the waste. However, the net
effect of burning waste versus depositing it in landfills makes it a viable climate
mitigation action, but only in the short-term as there are other, more environmentally

friendly solutions, such as anaerobic digestion of food waste; gasification of
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combustible waste; and plastic waste recycling, amongst others, which can be used

as it results in greater reductions in greenhouse gas emissions than incineration.

4.11.4 Landfills as a waste disposal method

The aim of this sub-section was to establish whether manufacturing organisations in
iLembe used landfills as a common waste disposal method. Table 4.12 represents the
level of association between diverse manufacturing sectors in the iLembe Municipal

District in KwaZulu-Natal and the use of landfills as a common waste disposal method.

Table 4. 12: Landfills as a waste disposal method

Landfills Disagree Agree p-value Overall

(N=106) (N=78) (N=184)
Raw materials used / Final products Chi-sq.,

p<0.001

Automotive components 4 (3.8%) 10 (12.8%) 0.266 14 (7.6%)
Electrical machinery; Apparatus 6 (5.7%) 9 (11.5%) 1.000 15 (8.2%)
Food; Beverages; Tobacco 41 (38.7%) 9(11.5%) <0.001 50 (27.2%)
Furniture manufacturing 12 (11.3%) 3 (3.8%) 1.000 15 (8.2%)
Metals; Metal products; Machinery; Equipment 9 (8.5%) 12 (15.4%) 1.000 21 (11.4%)
Paper; Printing 11 (10.4%) 7 (9.0%) 1.000 18 (9.8%)
Petroleum; Chemical products 3(2.8%) 10 (12.8%) 0.166 13 (7.1%)
Petroleum; Chemical products: Foam 1(0.9%) 0 (0.0%) 1.000 1(0.5%)
manufacturer
Plastic; Rubber products 11 (10.4%) 8 (10.3%) 1.000 19 (10.3%)
Textiles; Clothing; Leather goods 8 (7.5%) 10 (12.8%) 1.000 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.11.4.1 Interpretation of the data:

According to Table 4.12, the majority of the respondents at 57.61 per cent disagreed

that manufacturing organisations in the iLembe Municipal District were committed to

the utilisation of landfills as a waste disposal method, while 42.39 per cent agreed.
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The majority of the respondents for the Food, Beverage and Tobacco manufacturing
sector, Furniture manufacturing sector, Paper and Printing sector, Petroleum;
Chemical products: Foam manufacturing sector and, Plastic and Rubber products
manufacturing sector disagree with the utilisation of landfills as a waste disposal
method at 38.7%, 11.3%, 10.4%, 0.9% and 10.4% respectively.

In the remaining Automotive components manufacturing sector, Electrical machinery
and Apparatus manufacturing sector, Metals, Metal Products, Machinery and
Equipment manufacturing sector, Petroleum and Chemical products sector and the
Textiles; Clothing and Leather goods manufacturing sector had agreed with the
utilisation of landfills of waste as a waste disposal method at 12.8%, 11.5%, 15.4%,
12.8% and 12.8% respectively.

The p-values for the Food, Beverage and Tobacco manufacturing sector at 0.001
indicate a significant level of association with the incineration of waste as a waste
disposal method as the p-value is less than the 0.05 level of significance. Therefore,
the null hypothesis is rejected as this sector is more likely than the rest to use landfills

as a waste disposal method.

4.11.4.2 Discussion:

Several countries are grappling with inefficient waste management strategies in which
waste is disposed of or incinerated without further consideration. The EU waste
hierarchy includes a prioritised list of measures, with prevention being the most
beneficial option and disposal (for example, landfill) being the least beneficial. As a
result, countries are enforcing stricter waste treatment regulations to address the
serious impacts of landfills on workers and the environment (Fasting, 2019).
According to Jewaskiewitz (2022), president of the Institute of Waste Management of
Southern Africa (IWMSA), every year, nearly 100 million tons of waste are sent to over
800 landfills across the country. To put this in context, Jewaskiewitz (2022) stated that
there is enough waste each day to occupy a football field 10 meters deep. Only about
10% of this waste is diverted from landfills. One of the main reasons is that landfill is

still the most cost-effective way to dispose of waste (Keerthana, 2022).
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Leachate is a dark liquid produced by the solid waste disposalin an aerobic
environment. It is frequently employed in the context of landfilling putrescible or
industrial waste (Abdel-Shafy and Mansour, 2018). Youcai (2018) defines leachate as
“a liquid that has dissolved or entrained environmentally hazardous substances that
may then enter the environment. Toxic organic and inorganic pollutants, heavy metals,
ammonia nitrogen compounds, and other dissolved and suspended contaminants are
common in leachate”. According to El-Saadony, Saad, EI-Wafai, Abou-Aly, Salem,
Soliman, EI-Mageed, Elrys, Selim, El-Hack, Kappachery, El-Tarabily and AbuQamar
(2023), Landfill leachate (LFL) must be cautiously managed in order to reduce
the leachate volume and avoid the unfavourable impact of leachate contamination on

the environment.

4.11.5 Waste Management methods

Figure 4.1 illustrates the most common types of waste management methods to the
least used waste management methods employed by manufacturing organisations in
the iLembe Municipal District in Kwa-Zulu Natal, according to the results obtained from

the data analysis conducted for this study.

Figure 4. 1: Waste management methods
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4.11.5.1 Interpretation of the data:

According to the data as presented in Figure 4.1, the majority of respondents at 61 per
cent agreed that their organisation's waste is recycled in-house. The second highest
number of respondents at 60 per cent alluded that their organisation re-uses waste to
manufacture other products, while 48 percent indicated that their organisation
incinerates their waste. Alternative waste disposal methods that were presented to
participants yielded results such as waste collected by the municipality at 32 per cent;
waste stored indefinitely at 24 per cent; composting of waste at 23 per cent; and waste
dilution at 22 per cent. Evidently, the least common waste disposal methods were
dilution at 22 per cent, fermentation at 7 per cent, and plasma gasification at 4 per

cent.

4.11.5.2 Discussion:

According to Boysan, Ozer, Has and Murat (2015), the constant increase in population,
combined with an increase in living standards, enables the appearance and
consumption of new products to meet societal demands, resulting in natural resource
depletion. The re-use of recycled packaging and waste as a source of raw material

management benefits both the environment and the economy. Jagyasi (2022) concurs
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and emphasises that recycling helps to reduce the global carbon footprint because the
energy required to create new products from recycled materials is less than that

required to create new products from scratch.

Having presented and analysed the results in Section B, Section C that follows
presents and analyses the results of waste management measures used by
manufacturing organisations in the iLembe Municipal District, and evaluates
organisational access to necessary resources and effective waste management

practices.

SECTION C:

Section C presents and outlines the waste management measures employed by
organisations in the iLembe Municipal District. The purpose of this section is to
ascertain the extent to which manufacturing organisations in the Municipal District of

iLembe embrace environmentally conscious business practices.

4.12 Strategies used by manufacturing organisations in the iLembe

Municipal District to manage waste

The strategies used by manufacturing organisations in iLembe include sub-sections
such as the forms of ownership that effectively reduce hazardous substances into the
environment; manufacturing organisations that effectively reduce hazardous
substances into the environment; constant environmental auditing as an internal waste
management strategy; necessary resources to design green or eco-friendly products;
complies with the application of environmental management; utilisation of waste
treatment techniques to reduce toxicity prior to disposal; policy to effectively manage
waste; access to necessary resources; the implementation of eco-friendly product
design; reduction of water and electricity; and organisational perceptions of waste

value and regional waste management.

Several statements were presented to respondents via a Likert scale questionnaire
regarding measures used by their organisation to effectively manage waste generated.
The subsequent cross-tabulation Tables 13; 14; 15; 16; 17; 18; 19.1; 19.2; 19.3 and

19.4 illustrate and explain the level of association for each option.
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4.12.1 Forms of ownership vs. the effective reduction of hazardous substances

into the environment

This purpose of this sub-section was to establish which forms of ownership have
effectively reduced hazardous substances into the environment. Table 4.13 depicts
the various forms of ownership and their level of agreement and disagreement to

effectively reducing hazardous substances in the environment.

Table 4. 13: Forms of ownership vs. the reduction of hazardous substances into

the environment

Reduction of hazardous substances into the | Disagree Agree p-value Overall
environment (N=114) (N=70) (N=184)
Forms of ownership Chi-sq.,
p =0.025

Sole proprietorship 32 (28.1%) | 10 (14.3%) 42 (22.8%)
Partnership 18 (15.8%) | 6 (8.6%) 24 (13.0%)
Close corporation (CC) 8 (7.0%) 6 (8.6%) 14 (7.6%)
Private company (Pty) (Ltd) 40 (35.1%) | 27 (38.6%) 67 (36.4%)
Public company (Ltd) 16 (14.0%) | 21 (30.0%) 37 (20.1%)

| % and p-values based on non-missing cases | * parametric p-value.

4.12.1.1 Interpretation of data:
According to Table 4.13, most of the respondents at 61.96 per cent disagreed with
effectively reducing hazardous substances into the environment, while 38.04 per cent

agreed.

The maijority of the respondents for Sole proprietorship, Partnership, Close corporation
(CC) and Private company (Pty) (Ltd) disagreed with effectively reducing hazardous

substances into the environment at 28.1%, 15.8%, 7.0% and 35.1% respectively.

In the remaining sector, 30.0 per cent of respondents in the Public company (Ltd)
agreed with effectively reducing hazardous substances into the environment.

The overall p-value of 0.025 in Table 4.13 is less than the 0.05 level of significance,
which indicates that there is a statistically significant association between Forms of
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Ownership and the effective reduction of hazardous substances into the environment.
The null hypothesis is thus rejected. This indicates that a correlation exists between
Forms of Ownership and the effective reduction of hazardous substances into the

environment.

4.12.2 Manufacturing organisations vs. the effective reduction of hazardous

substances into the environment

The aim of this sub-section was to determine whether manufacturing organisations in
the iLembe Municipal District were effectively reducing hazardous substances into the
environment. Table 4.14 below indicates the level of agreement and disagreement
amongst various manufacturing sectors to effectively reduce hazardous substances in

the environment.

Table 4. 14: Manufacturing organisations vs. the effective reduction of

hazardous substances into the environment

Effectively reduces hazardous substances into the Disagree Agree p-value Overall
environment (N=114) (N=70) (N=184)
Raw materials used / Final products Chi-sq.,
p = 0.002

Automotive components 8 (7.0%) 6 (8.6%) 1.000 14 (7.6%)
Electrical machinery; Apparatus 13 (11.4%) 2 (2.9%) 0.512 15 (8.2%)
Food; Beverages; Tobacco 22 (19.3%) | 28 (40.0%) 0.035 50 (27.2%)
Furniture manufacturing 12 (10.5%) 3 (4.3%) 1.000 15 (8.2%)
Metals; Metal products; Machinery; Equipment 18 (15.8%) 3(4.3%) 0.174 21 (11.4%)
Paper; Printing 8 (7.0%) 10 (14.3%) 1.000 18 (9.8%)
Petroleum; Chemical products 7 (6.1%) 6 (8.6%) 1.000 13 (7.1%)
Petroleum; Chemical products: Foam manufacturer 1(0.9%) 0 (0.0%) 1.000 1(0.5%)
Plastic; Rubber products 10 (8.8%) 9(12.9%) 1.000 19 (10.3%)
Textiles; Clothing; Leather goods 15 (13.2%) 3(4.3%) 0.716 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.
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4.12.2.1 Interpretation of the data:

According to Table 4.14, most of the respondents at 62 per cent disagreed that
manufacturing organisations in the iLembe Municipal District were committed to
effectively reducing hazardous substances into the environment, while 38 per cent

agreed.

The majority of the respondents for the Automotive components manufacturing sector,
Electrical machinery and Apparatus manufacturing sector, Furniture manufacturing
sector, Metals, Metal Products, Machinery and Equipment manufacturing sector,
Petroleum and Chemical products sector, Petroleum and Chemical products: Foam
manufacturing sector, Plastic and Rubber products sector and the Textiles, Clothing
and Leather goods manufacturing sector disagreed with the effective reduction of
hazardous substances into the environment at 7.0%, 11.4%, 10.5%, 15.8%, 6.1%,

0.9%, 8.8% and 13.2% respectively.

In the remaining sectors, 40.0 per cent of respondents in the Food, Beverage and
Tobacco manufacturing sector and 14.3 per cent in the Paper and Printing sector

agreed with the effective reduction of hazardous substances into the environment.

Given that the p-value for Food, Beverage and Tobacco manufacturing sector at 0.035
is less than 0.05 significant level of association, indications are that there is a
correlation with effectively reducing hazardous pollutants into the environment. As a
result, the null hypothesis is rejected since this sector is more likely to efficiently reduce

hazardous waste compounds in the environment than other industries.

4.12.2.2 Discussion:

Jewaskiewitz (2022) asserts that South Africa is at least 20 to 30 years behind
developed nations in implementing modern waste management practices. Organic
waste accounts for 30 to 40 per cent of domestic solid waste in South Africa. Paper
and packaging account for approximately 10 per cent to 20 per cent of the waste
stream, followed by electronic waste and construction and demolition waste. According
to Keerthana (2022), South Africa has the potential to divert 60 to 70 per cent of
municipal waste away from landfills toward re-use, recycling and recovery. However,

this is not the case.
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Interestingly, the majority of the respondents (62 per cent) disagreed to effectively
reducing hazardous substances into the environment, and only at 38 per cent agreed.

4.12.3 Constant environmental auditing as an internal waste management

strategy

The purpose of this sub-section was to identify which types of manufacturing sectors
in the iLembe Municipal District had employed constant environmental auditing as an
internal waste management strategy. Table 4.15 indicates the level of agreement and
disagreement amongst various manufacturing sectors with regard to employing

constant environmental auditing as an internal waste management strategy.

Table 4. 15: Constant environmental auditing as an internal waste management

strategy
Constant environmental auditing as an internal Disagree Agree p-value Overall
waste management strategy (N=78) (N=106) (N=184)
Raw materials used / Final products Chi-sq., p
=0.165
Automotive components 6 (7.7%) 8 (7.5%) 14 (7.6%)
Electrical machinery; Apparatus 10 (12.8%) 5(4.7%) 15 (8.2%)

Food; Beverages; Tobacco

14 (17.9%)

36 (34.0%)

50 (27.2%)

Furniture manufacturing 7 (9.0%) 8 (7.5%) 15 (8.2%)
Metals; Metal products; Machinery; Equipment 6 (7.7%) 15 (14.2%) 21 (11.4%)
Paper; Printing 9(11.5%) 9 (8.5%) 18 (9.8%)
Petroleum; Chemical products 6 (7.7%) 7 (6.6%) 13 (7.1%)
Petroleum; Chemical products: Foam 0 (0.0%) 1(0.9%) 1(0.5%)

manufacturer

Plastic; Rubber products 10 (12.8%) 9 (8.5%) 19 (10.3%)
Textiles; Clothing; Leather goods 10 (12.8%) 8 (7.5%) 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.
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4.12.3.1 Interpretation of data:
According to Table 4.15, most of the respondents (at 57.61 per cent) agreed to
constant environmental auditing as an internal waste management strategy, while

42.39 per cent disagreed.

The majority of the respondents for the Automotive components manufacturing sector,
Food, Beverage and Tobacco manufacturing sector, Furniture manufacturing sector,
Metals, Metal products, Machinery and Equipment manufacturing sector, Petroleum
and Chemical products sector and the Petroleum and Chemical products: Foam
manufacturing sector agree with constant environmental auditing as an internal waste
management strategy at 7.5%, 34.0%, 7.5%, 14.2%, 6.6% and 0.9% respectively.

In the remaining sectors, the respondents in the Electrical machinery and Apparatus
manufacturing sector, Paper and Printing sector, Plastic and Rubber products sector
and Textiles; Clothing and Leather goods sector disagreed with constant
environmental auditing as an internal waste management strategy at 12.8%, 11.5%,
12.8% and 12.8% respectively.

The overall p-value for all the sectors listed in Table 4.15 at 0.165 is greater than the
0.05 significant level of association, which implies that no statistically significant
correlation exists between the various sectors and the practice of constant
environmental auditing as an internal waste management strategy. As a result, the null

hypothesis is accepted.

4.12.3.2 Discussion:

An environmental audit (EA) is a systematic process of collecting and objectively
evaluating information, whether certain environmental activities are following audit
standards, criteria and control systems (Brunelli, Murzakhmetova and Falivena,
2022). According to Gedam, Raut, Lopes De Sousa Jabbour, Narkhede, and
Grebinevych (2020), the EA is an essential contributor to success in the adoption of
sustainability business practices in the automotive industry. An alternate study
conducted in the Indian market between 2019 and 2020 revealed that EAs for
suppliers and top management support are considered to be the two critical success
factors to prioritise, which indicates that by addressing these issues, automotive

manufacturers may be able to better proceed with the adoption of sustainable
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practices (Gedam, Raut, Lopes De Sousa Jabbour, Narkhede and Grebinevych,
2020).

Internal environmental audits are performed to ensure compliance with internal
environmental regulations. Lee, Park, Song and Yook (2016) conducted research on
266 Japanese manufacturing firms polled between 2010 and 2013. It was based on
the importance of internal environmental auditing (EA) and its role in the continuous
improvement of businesses. According to the authors, firms that used internal EAs had
a 9 per cent higher firm value than those that did not. Internal EAs and firm value were
discovered to be linked by the authors. Aslam, Rehman and Asad (2020) concurred
and highlighted the advantages of integrating external EAs with internal environmental

management practices (EMS audit).

Fortunately, the majority (57.61 per cent) of manufacturing sectors in iLembe agreed
to using constant environmental auditing as an internal waste management strategy,

as opposed to those that disagreed at 42.39 per cent.

4.12.4 Necessary resources to design green or eco-friendly products

This sub-section was designed to determine which manufacturing sectors have the
resources required to design green or eco-friendly products. Table 4.16 reveals the
level of agreement and disagreement amongst various manufacturing sectors
regarding the availability of the necessary resources to design green or eco-friendly

products.

Table 4. 16: Necessary resources to design green or eco-friendly products

Necessary resources to design green or eco- Disagree Agree p-value Overall
friendly products (N=81) (N=103) (N=184)
Raw materials used / Final products Chi-sq.,
p =0.339

Automotive components 5(6.2%) 9 (8.7%) 14 (7.6%)
Electrical machinery; Apparatus 10 (12.3%) 5(4.9%) 15 (8.2%)
Food; Beverages; Tobacco 22 (27.2%) 28 (27.2%) 50 (27.2%)
Furniture manufacturing 7 (8.6%) 8 (7.8%) 15 (8.2%)
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Metals; Metal products; Machinery; Equipment 6 (7.4%) 15 (14.6%) 21 (11.4%)
Paper; Printing 7 (8.6%) 11 (10.7%) 18 (9.8%)
Petroleum; Chemical products 4 (4.9%) 9 (8.7%) 13 (7.1%)
Petroleum; Chemical products: Foam 1(1.2%) 0 (0.0%) 1 (0.5%)

manufacturer

Plastic; Rubber products 8(9.9%) 11 (10.7%) 19 (10.3%)
Textiles; Clothing; Leather goods 11 (13.6%) 7 (6.8%) 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.12.4.1 Interpretation of data:
According to Table 4.16, most of the respondents at 56 per cent agreed to the
availability of necessary resources to design green or eco-friendly products as a waste

management strategy, while 44 per cent disagreed.

The majority of respondents for the Automotive components manufacturing sector,
Food, Beverage and Tobacco manufacturing sector, Furniture manufacturing sector,
Metals, Metal products, Machinery and Equipment manufacturing sector, Paper and
Printing sector, Petroleum and Chemical products sector and, Petroleum and
Chemical products: Foam manufacturing sector agree with the ability to obtain the
necessary resources to design green or eco-friendly products as a waste management
strategy at 8.7%, 27.2%, 7.8%, 14.6%, 10.7%, 8.7% and 10.7% respectively.

In the remaining sectors, the respondents in the Electrical machinery and Apparatus
manufacturing sector, Plastic and Rubber products sector and the Textiles; Clothing
and Leather goods sector at 12.3%, 1.2% and 13.6% respectively, disagreed with the
accessibility of the necessary resources to design green or eco-friendly products as a

waste management strategy.

The overall p-value for all the sectors listed in Table 4.16 is greater than the 0.05
significant level of association at 0.339. This implies that no statistically significant
correlation exists between the various sectors and the accessibility of the necessary
resources to design green or eco-friendly products as a waste management strategy.

As a result, the null hypothesis is accepted.
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4.12.4.2 Discussion:

As the awareness that products and services cause serious environmental
degradation (that is, climate change, ecosystem change, natural-resource usage and
pollution) has increased, the focus has shifted from finding end-of-pipe solutions to
designing products that prevent such degradation from occurring in the first place, or

reduce such problems (Svanes, Vold, Mgller, Pettersen, Larsen and Hanssen, 2010).

According to Le Mouéllic, Ventura, Heller, Loh, Roch, Spitzbart and Zanotelli (2023),
a product’s design strongly influences its ecological sustainability because numerous
engineering-related aspects affect the environment, including the product’s
composition, lifespan, efficiency and recyclability. Measuring the impact provides
insights that organisations can use to apply design strategies that advocate ecological
sustainability.

Machine learning, robotics and smart sensors can lead to further increases in
productivity and the quality of textile production, while the internet of things and big
data can lead to better planning and resource management, thus improving costing
and profit margins.

Fortunately, the majority of the manufacturing sectors in iLembe (at 56 per cent) have
agreed with having the necessary resources to design eco-friendly products, as

opposed to those that disagreed (at 44 per cent).

4.12.5 Complies with the application of Environmental Management

The goal of this sub-section was to determine whether manufacturing sectors were
adhering to environmental management practices. The information in Table 4.17
depicts the relationship between various manufacturing sectors and their adherence

to environmental management practices.

Table 4. 17: Complies with the application of environmental management

Complies with the application of environmental Disagree Agree p-value Overall
management (N=55) (N=129) (N=184)
Raw materials used / Final products Chi-sq.,

p=0.332
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Automotive components 3 (5.5%) 11 (8.5%) 14 (7.6%)
Electrical machinery; Apparatus 6 (10.9%) 9 (7.0%) 15 (8.2%)
Food; Beverages; Tobacco 14 (25.5%) | 36(27.9%) 50 (27.2%)
Furniture manufacturing 6 (10.9%) 9 (7.0%) 15 (8.2%)
Metals; Metal products; Machinery; Equipment 6 (10.9%) 15 (11.6%) 21 (11.4%)
Paper; Printing 4 (7.3%) 14 (10.9%) 18 (9.8%)
Petroleum; Chemical products 2 (3.6%) 11 (8.5%) 13 (7.1%)
Petroleum; Chemical products: Foam manufacturer 0 (0.0%) 1(0.8%) 1(0.5%)

Plastic; Rubber products 4(7.3%) 15 (11.6%) 19 (10.3%)
Textiles; Clothing; Leather goods 10 (18.2%) 8(6.2%) 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.12.5.1 Interpretation of data:
According to Table 4.17, most of the respondents at 70.11 per cent agreed to
complying with the application of environmental management as a waste management

strategy, while 29.89 per cent disagreed.

The majority of the respondents for the Automotive components manufacturing sector,
Electrical machinery and Apparatus manufacturing sector, Food, Beverage and
Tobacco manufacturing sector, Furniture manufacturing sector, Metals, Metal
products, Machinery and Equipment manufacturing sector, Paper and Printing sector,
Petroleum and Chemical products sector, Petroleum and Chemical products: Foam
manufacturing sector and the Plastic and Rubber products manufacturing sector agree
with complying with the application of environmental management as a waste
management strategy at 8.5%, 7.0%, 27.9%, 7.0%, 11.6%, 10.9%, 8.5%, 0.8% and
11.6% respectively.

In the remaining sector, the respondents in the Textiles; Clothing and Leather goods
sector at 18.2 per cent disagreed with complying with the application of environmental

management as a waste management strategy.

The overall p-value for all the sectors listed in Table 4.17 is greater than the 0.05
significant level of association at 0.332. This implies that no statistically significant

correlation exists between the various sectors and compliance with the application of
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environmental management as a waste management strategy. As a result, the null

hypothesis is accepted.

4.12.5.2 Discussion:

Brunelli, Murzakhmetova and Falivena (2022) cite ISO 14001 as an example of an
environmental policy that outlines the overall intentions and direction of how
organisations shall relate to their overall environmental impact. By integrating internal
and external environmental audits through the application of ISO 14001 standards, it
is possible to establish a fundamental framework aimed at improving environmental
performance and increasing market value for listed companies. In the absence of
continuous waste auditing, chemicals and a lack of waste management by industries

will endanger people, animals and plants.

4.12.6 Utilisation of waste treatment techniques to reduce toxicity prior to

disposal

The objective of this sub-section was to determine whether manufacturing sectors in
iLembe utilised waste treatment techniques to reduce toxicity prior to disposal. The
information in Table 4.18 presents the level of agreement and disagreement by various

manufacturing sectors in the iLembe Municipal District of KwaZulu-Natal.

Table 4. 18: Utilisation waste treatment techniques to reduce toxicity prior to

disposal

Use waste treatment techniques to reduce toxicity | Disagree Agree p-value Overall
prior disposal (N=118) (N=66) (N=184)
Raw materials used / Final products Chi-sq.,

p<0.001
Automotive components 8 (6.8%) 6(9.1%) 1.000 14 (7.6%)
Electrical machinery; Apparatus 13(11.0%) | 2 (3.0%) 0.892 15 (8.2%)
Food; Beverages; Tobacco 34 (28.8%) | 16 (24.2%) 1.000 50 (27.2%)
Furniture manufacturing 14 (11.9%) 1(1.5%) 0.120 15 (8.2%)
Metals; Metal products; Machinery; Equipment 16 (13.6%) | 5(7.6%) 1.000 21 (11.4%)
Paper; Printing 11 (9.3%) 7 (10.6%) 1.000 18 (9.8%)
Petroleum; Chemical products 1(0.8%) | 12 (18.2%) <0.001 13 (7.1%)
Petroleum; Chemical products: Foam manufacturer 1(0.8%) 0 (0.0%) 1.000 1(0.5%)

110




Plastic; Rubber products 11(9.3%) | 8(12.1%) 1.000 19 (10.3%)

Textiles; Clothing; Leather goods 9 (7.6%) 9 (13.6%) 1.000 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.12.6.1 Interpretation of data:

According to Table 4.18, most respondents at 64.1 per cent disagreed that
manufacturing organisations in the iLembe Municipal District were committed to the
utilisation of waste treatment techniques to reduce toxicity prior to disposal as a waste

management practice, while 35.9 per cent agreed.

The majority of respondents for the Food, Beverage and Tobacco manufacturing
sector, Furniture manufacturing sector, Paper and Printing sector, Petroleum and
Chemical products: Foam manufacturing sector and, Plastic and Rubber products
manufacturing sector disagree with the utilisation of waste treatment techniques to
reduce toxicity prior to disposal at 6.8%, 11.0%, 28.8%, 11.9%, 13.6%, 9.3%, 0.8%

and 9.3% respectively.

In the remaining sectors, 18.2 per cent of respondents in the Petroleum and Chemical
products sector and 13.6 per cent in the Textiles, Clothing and Leather goods sector
disagreed with the utilisation of waste treatment techniques to reduce the toxicity of

waste prior to disposal.

The p-value for the Petroleum and Chemical products sector at 0.001 indicates a
significant level of association with the utilisation waste treatment techniques to reduce
the toxicity of waste prior to disposal as the p-value is less than the 0.05 level of
significance. The null hypothesis is thus rejected as this sector is more likely than the
rest to to the use waste treatment techniques to reduce the toxicity of waste prior to

disposal.

4.12.6.2 Discussion:

Fasting (2019) asserts that treating waste through recycling or waste-to-energy
generally proves more environmentally friendly than not treating it. The author further
states that countries around the globe are grappling with inefficient waste management

strategies in which waste is disposed of in landfills or incinerated without further
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consideration. As a result, countries are enforcing stricter waste treatment regulations

to address the profound consequences of landfills on workers and the environment.

Interestingly, only 35.9 per cent of the participants, as shown in the table above,
agreed that manufacturing organisations in the iLembe Municipal District in KwaZulu-
Natal are committed to using waste treatment techniques to reduce the volume of toxic

waste that is released into the environment prior to disposal.

After presenting the various waste management measures used by manufacturing
organisations in the iLembe Municipal District in both discrete and continuous data,
the second half of Section C discusses access to necessary resources and effective
waste management practices. In this instance, a different analytical technique will be

used, namely the MEAN.

4.13 Access to necessary resources and effective waste

management practices

In this segment, the Cronbach coefficient alpha was utilised to determine the reliability
of waste management measures used by manufacturing organisations in the Municipal
District of iLembe in KwaZulu-Natal. The Mean was employed to evaluate the
numerical average of a set of responses (Calzon, 2023) and the Alpha-if-deleted
represents the Cronbach's alpha reliability coefficient for the scale's internal

consistency if a variable is eliminated (Gliem and Gliem, 2003).

According to George and Mallery (2019), the rule of thumb for assessing the
Cronbach’s Alpha value for a dichotomous or Likert scale instrument is: if the
Cronbach’s Alpha value is above 0.90, it indicates excellent internal consistency;
above 0.80 is good; above 0.70 is acceptable; above 0.60 is questionable; above 0.50
is poor; and below 0.50 is unacceptable. The Likert scale mean scores are also
interpreted below. According to Wanjohi and Syokau (2021), attitudes are identified
using a Likert scale mean score and can be interpreted as follows: 1.0 - 2.4 (Negative
attitude), 2.5 - 3.4 (Neutral attitude), and 3.5 - 5.0 (Positive attitude).

In order to analyse the approaches adopted by manufacturing organisations in
KwaZulu-Natal's iLembe Municipal District, a total of 18 variables were presented to
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respondents via a Likert scale questionnaire. The sections that follow will evaluate the
Mean and Cronbach Alpha value for each of the 18 variables included in this category.
The Mean will indicate the level of agreement or disagreement amongst respondents,

while the Cronbach Alpha will reflect the level of reliability for each variable.

4.13.1 Total Mean and Cronbach Alpha for measures used to manage waste

The cumulative Mean and Cronbach Alpha value for waste management measures
used by manufacturing organisations in the iLembe Municipal District are presented in
Table 4.19 below. The measurements are made up of 18 variables that add up to the

total for the mean and Cronbach alpha, which will be discussed further below.

Table 4. 19: Total Mean and Cronbach Alpha for measures used to manage waste

Mean and Cronbach Alpha for measures used to manage Mean Alpha-if-deleted
waste
Total 3.106 0.854

The overall Mean value of 3.106, as shown in Table 4.19, suggests that most
respondents had neutral responses to the variables that were evaluated in this
category. The total Cronbach Alpha-if-deleted value at 0.854 is favourable and

indicates a high level of reliability of the research instrument.

4.13.2 Policy to effectively manage waste

The purpose of this sub-section was to determine whether manufacturing
organisations in the iLembe Municipal District in KwaZulu-Natal utilised policies to
effectively manage waste. Table 4.19.1 represents the level of agreement or
disagreement between diverse manufacturing sectors in the iLembe Municipal District

in KwaZulu-Natal and their use of policies to effectively manage waste.

Table 4.19. 1: Policy to effectively manage waste

Policy to effectively manage waste. Mean Alpha-if-deleted

Policy for managing waste during production 4571 0.849
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Effectively reduces hazardous substances into the environment 2.946 0.833
Constant environmental auditing as an internal waste management strategy 3.543 0.833
Complies with the application of environmental management 3.728 0.837
Use waste treatment techniques to reduce toxicity prior disposal 2.826 0.849
Collection points for post-consumer waste products or packaging 2.451 0.846

4.13.2.1 Interpretation of data:
The data on Table 4.19.1 indicates that all the variables listed in the above table had

a high level of reliability as the Cronbach alpha was greater than 0.8.

The Mean values indicate that the majority of respondents agreed with the statements
presented in the table. The level of agreement for the statements: Policy for managing
waste during production; Complies with the application of environmental management;
and Constant environmental auditing as an internal waste management were at 4.571,
3.728 and 3.543 respectively.

The Mean values for the remaining statements ranged from neutral to disagree. The
average response to the statements: Effectively reduces hazardous substances in the
environment; Use waste treatment techniques to reduce toxicity prior to disposal; and
Collection points for post-consumer waste products or packaging were at 2.946, 2.826

and 2.451 respectively.

Table 4.19.1 represents a high level of association between diverse manufacturing
sectors in the iLembe Municipal District in KwaZulu-Natal and their use of policies to

effectively manage waste.

4.13.2.2 Discussion:

Del Ro Gonzalez (2008) claims that carbon pricing policy encourages manufacturing
companies to increase the energy efficiency of their production plants and to reduce
carbon emissions without sacrificing output. The author further states that in order to
reduce carbon emissions, organisations must decrease inputs that compromise of
carbon, which include fuels for electricity generation and energy for the manufacturing

industry, inter alia.
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According to Kimani (2020), waste management is frequently neglected in many
countries, resulting in negative consequences for the society, environment and the
economy. Waste generators such as individuals or entities may choose the cheapest
option available to manage their waste if proper policy and legislation are not
effectively implemented. Consequently, a lack of funding, a lack of an enabling
institutional and policy framework, and a lack of data have all combined to have a
negative impact on the adoption and implementation of modern waste management
solutions (Liyala, 2011; Simatele and Etambakonga, 2015; Simatele, Dlamini and
Kubanza, 2017).

4.13.3 Access to essential resources

The aim of this sub-section was to determine whether manufacturing organisations in
the iLembe Municipal District in KwaZulu-Natal had access to essential resources to
effectively manage waste. Table 4.19.2 represents the level of agreement or
disagreement between diverse manufacturing sectors in the iLembe Municipal District

in KwaZulu-Natal and their access to essential resources to manage waste.

Table 4.19. 2: Access to essential resources

Access to essential resources Mean Alpha-if-deleted
Technology is current and adequate for clean production processes 3.592 0.838
Necessary resources to design green or eco-friendly products 3.527 0.838
Adequate training to employees on how to dispose of toxic waste 4.179 0.856
Employs waste pickers to collect our post-consumer waste 1.940 0.850

4.13.3.1 Interpretation of data:
The data in Table 4.19.2 indicates that all the variables listed had a high level of

reliability as the Cronbach alpha was greater than 0.8.

The Mean values indicate that the majority of respondents agreed with the statements
presented in the above table. The level of agreement for the statements: Adequate
training to employees on how to dispose of toxic waste; Technology is current and
adequate for clean production processes; and Necessary resources to design green

or eco-friendly products were 4.179, 3.592 and 3.527 respectively.
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The Mean value for the remaining statement: Employs waste-pickers to collect our
post-consumer waste at 1.940 implies that respondents disagreed with this statement.

Table 4.19.2 represents a high level of association between diverse manufacturing
sectors in the iLembe Municipal District in KwaZulu-Natal and access to essential

resources to effectively manage waste.

4.13.3.2 Discussion:

According to a study conducted by Mourtzis, Zogopoulos and Xanthi (2019), the re-
skilling of operators, modern automation, and flexible production technologies are vital
examples of sustainable practices. A lack of technical skills, a lack of financial support,
unreliable data, limited waste collection vehicles, inaccessible roads, and a lack of
infrastructure have all hampered the adoption of waste management practices in
various countries worldwide (Guerrero, Maas and Hogland, 2013; Tozlu, Zahi and
Abusolu, 2016). Furthermore, internal operations, according to Ribeiro and Barbosa-
Povoa Citation (2018), should be considered alongside an effective and robust supply

chain management approach in order to achieve the required levels of resilience.

Except for the use of waste-pickers to collect post-consumer waste, the majority of
respondents in the aforementioned segment agreed with all of the statements in Table
19.2 above.

4.13.4 The implementation of eco-friendly product design

The objective of this sub-section was to determine whether manufacturing
organisations in the iLembe Municipal District in KwaZulu-Natal have implemented
eco-friendly product design to manage the generation of waste. Table 4.19.3
represents the level of agreement or disagreement between diverse manufacturing
sectors in the iLembe Municipal District in KwaZulu-Natal and the implementation of
eco-friendly product design to manage waste.

Table 4.19. 3: The implementation of eco-friendly product design

The implementation of eco-friendly product design Mean Alpha-if-deleted

Utilises biodegradable and or compostable raw materials 2.815 0.853
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Often make fundamental changes to product design and processes 4.272 0.848

Products are packaged in reusable packaging 2.359 0.857

Incorporates recycled material in certain product formulations 4.033 0.861

4.13.4.1 Interpretation of data:
The data in Table 4.19.3 indicates that all the variables listed in the above table had a

high level of reliability as the Cronbach alpha was greater than 0.8.

The Mean values indicate that the majority of respondents agreed with the statements
presented in the above table. The level of agreement for the statements: Often make
fundamental changes to product design and processes and Incorporates recycled

material in certain product formulations are 4.272 and 4.033 respectively.

The Mean value for the remaining statement ranges from neutral to disagree. The
average response to the statements: Utilises biodegradable and/or compostable raw
materials and Products are packaged in re-usable packaging are 2.815 and 2.359

respectively.

Table 4.19.3 represents a high level of association between diverse manufacturing
sectors in the iLembe Municipal District in KwaZulu-Natal and the implementation of

eco-friendly product design to effectively manage waste.

4.13.4.2 Discussion:

According to Mussatto and Teixeira (2010), lignocellulose biomass, which comprises
of forestry, agricultural and agro-industrial wastes, is an abundant, renewable and
economical energy source. Sawdust, poplar trees, sugarcane bagasse, wastepaper,
brewer's spent grains, switchgrass, and straws, stems, stalks, leaves, husks, shells,
and peels from cereals such as rice, wheat, corn, sorghum, and barley, amongst
others, are all examples of such wastes. Agricultural residues, such as corn stover and
corn cobs, are "waste" that remains after corn harvesting in agricultural industries, and
previous research has shown great potential for converting corn residue to biofuel

while providing agro-economic benefits (Mussato and Teixeira, 2010). Maize is also
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used as a raw material in the production of paints, textiles, paper, food and medicine
(Mogala, 2012).

According to a study conducted by Zondo (2019), the polyhydroxyalkanoates (PHAS)
production process is environmentally friendly due to the use of agricultural feedstock
and by-products. Zondo (2019) explained that PHAs are natural aliphatic polyesters
that are manufactured by micro-organisms via a fermentation process of sugars
(glucose, sucrose) or lipids (vegetable oils, even glycerine from bio-diesel production)
and are stored as an intra-cellular carbon and energy reserve when cells develop
under stressful conditions. In addition, PHAs contain vital properties of
biodegradability. Furthermore, through a fermentation process, a biodegradable co-
polymer poly was produced from an agricultural by-product, corn silage. A co-polymer
is a polymer composed of two or more monomer species. It is frequently used to
enhance or modify the properties of plastics. Polymer degradation occurs in natural
environments via thermal, mechanical, hydrolysis and photochemical destruction, as

well as biodegradation (Zondo, 2019).

This section of the study indicates that manufacturing organisations in iLembe use a
negligible amount of biodegradable and compostable raw materials, and that
inadequate products are packaged in re-usable packaging. More can be done to

improve these aspects.

4.13.5 Reduction of water and electricity

The objective of this sub-section was to determine whether manufacturing
organisations in the iLembe Municipal District in KwaZulu-Natal reduce their use of
water and electricity in their production processes. Table 4.19.4 represents the level
of agreement or disagreement between diverse manufacturing sectors in the iLembe
Municipal District in KwaZulu-Natal and their ability to reduce water and electricity in

their production processes.

Table 4.19. 4: Reduction of water and electricity

Reduction of water and electricity Mean Alpha-if-deleted

Reduced water consumption in production processes 2.859 0.837
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Reduced electricity consumption in production processes 2.484 0.834

4.13.5.1 Interpretation of data:
The data in Table 4.19.4 indicates that all the variables listed in the above table had a

high level of reliability as the Cronbach alpha was greater than 0.8.

The mean value for the statement: Reduced water consumption in production
processes at 2.859 indicates that respondents had a neutral response to this
statement. The Mean value for the statement: Reduced electricity consumption in

production processes at 2.484 indicates a level of disagreement from the respondents.

Table 4.19.4 indicates that manufacturing sectors in the iLembe Municipal District in
KwaZulu-Natal and their ability to reduce water and electricity in their production

processes requires more initiative.

4.13.5.2 Discussion:

While certain entities are working hard to implement sustainable waste reduction
practices, others remain vulnerable. Ford Motor Company is an example of an
organisation that goes above and beyond to minimise risk and maximise opportunity
in its water usage. Between 2000 and 2012, the company reduced its water use in the
United States by 71% and globally by 62 per cent, saving 10.6 billion gallons. The
automaker decreased its per-vehicle water use from 9.8 cubic meters (2588 gallons)
in 2000 to 4.3 cubic meters (1136 gallons) in 2012, using 2009 as the baseline year,
in both its power train and vehicle assembly plants (Koel, 2013).

According to Rao, Sholes and Cresko (2019), the manufacturing sector in the United
States (U.S.) is vulnerable to physical water shortages. Primary metals, fabricated
metals, transportation equipment, petroleum refining, and plastics and rubber
manufacturing all draw significant amounts of water from areas with physical water
scarcity (Rao, Sholes and Cresko, 2019). Many manufacturing plants have the
untapped potential to reduce water withdrawals through efficient water use. Waste
efficiency measures are established and proven, and there is a wide range of
implementation expertise on new and retrofit installations. As a result, their adoption

could drastically reduce water withdrawal with significantly less effort and cost than
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alternative water supply methods such as desalination or water reclamation (Rao and
Karki, 2023).

Furthermore, in recent years, the manufacturing sector has developed a pronounced
awareness concerning energy generation and consumption. According to Key World
Energy Statistics (2017), industry accounts for 42 per cent of global electrical energy
consumption. According to statistics from the U.S energy information administration,
machinery and equipment account for a significant portion of the total amount of
electricity consumed in manufacturing, which is estimated to be 50 per cent of the total
manufacturing electricity consumption (Hu, Peng, Evans, Peng, Liu, Tang and Tiwari,
2017).

4.13.6 Organisational perception on waste value and regional waste

management

The objective of this sub-section was to identify the level of organisational perception
on waste value and regional waste management amongst manufacturing
organisations in the iLembe Municipal District of KwaZulu-Natal. Table 4.19.5
represents the level of agreement or disagreement between diverse manufacturing
sectors in the iLembe Municipal District in KwaZulu-Natal and their perception on

waste value and regional waste management.

Table 4.19. 5: Organisational perception on waste value and regional waste

management
Organisational perception on waste value and regional waste Mean Alpha-if-deleted
management
Obsolete or redundant waste contains no value 2.022 0.849
No serious waste management problem in iLembe 1.766 0.854

4.13.6.1 Interpretation of data:
The data in Table 4.19.5 indicates that all the variables listed in the table had a high

level of reliability as the Cronbach alpha was greater than 0.8.
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The mean values of the statements: Obsolete or redundant waste contains no value
and no serious waste management problem in iLembe are 2.022 and 1.766
respectively, which indicates that there is a level of disagreement from respondents

with these statements.

Table 4.19.5 implies that manufacturing sectors in the iLembe Municipal District in
KwaZulu-Natal have a positive perception on waste value and regional waste

management, which bodes well for the future of the district.

4.13.6.2 Discussion:

Waste contains toxic substances such as heavy metals, plastics, polymeric resins, and
chemicals used for mechanical and thermal stability. Therefore, the proper
management of certain waste products is extremely crucial. The improper handling of
waste has not only severe environmental impacts, but also results in the loss of high
economic potential. According to Guo and Yan (2017), amongst the several types of
e-waste, obsolete mobile phones are considered the most ubiquitous discarded
electronic products. Printed circuit boards (PCBs) for example, are essential
components of mobile phones, accounting for 20 - 30 per cent of the device's weight
depending on the model, manufacturing year and brand (Wansia, D’Ansa, Gondaa,
Segatoa and Degreza, 2018). According to Jha, Rao, Meshram, Verma and Singh
(2020), waste printed circuit boards (WPCBSs) contain a wealth of precious metals as
well as an array of hazardous materials that are both secondary resources and
environmental pollutants. Researchers have developed several efficient recovery
techniques, such as recrystallisation, chemical precipitation, ion exchange and solvent
extraction, but recovery of lower concentration metals such as gold, silver, palladium,
nickel and zinc remain a global issue. WPCBs are consequently valuable for "urban
mining" processes aimed primarily at the recovery of copper, silver and gold, which
account for more than 95 per cent of their value (Garg, Nagar, Ellamparuthy, Angadi
and Gahan, 2019).

In this study, a majority of the respondents agreed that obsolete waste has value, and

they also agreed that iLembe has a serious waste management problem.
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SECTION D:

Section D outlines and analyses the variables that influence sustainable waste
management practices, along with the barriers that hamper sustainable waste
management practices amongst manufacturing organisations in the Municipal District

of iLembe, KwaZulu-Natal.

4.14 Factors influencing waste management practices amongst
manufacturing organisations in the iLembe Municipal District in

KwaZulu-Natal

The factors influencing waste management practices used by manufacturing
organisations in the Municipal District of iLembe in KwaZulu-Natal include sub-
sections such as Compliance with government environmental regulations; Employs
digitalised technology to reduce water consumption; Employs digital technology to
reduce energy of electricity consumption; and Cost reductions due to the adoption of

cleaner production processes.

Several variables were presented to respondents using a Likert scale questionnaire.
The following values indicate their level of association, agreement or disagreement
with each variable in Tables 4.20, 4.21, 4.22 and 4.23 below.

4.14.1 Compliance with government environmental regulations

The purpose of this sub-set was to establish if a statistically significant relationship
between different types of ownership and their compliance with government
regulations exists. Table 4.20 indicates the level of correlation between various kinds
of ownership in the manufacturing sector in the Municipal District of iLembe in

KwaZulu-Natal and their adherence to government regulations.

Table 4. 20: Compliance with government regulations

Complies with government environmental regulations Disagree Agree p-value Overall

(N=24) (N=160) (N=184)

Form of ownership Chi-sq.,
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p<0.001
Sole proprietorship 14 (58.3%) | 28 (17.5%) | <0.001 42 (22.8%)
Partnership 2(8.3%) | 22(13.8%) | 1.000 24 (13.0%)
Close corporation (CC) 2 (8.3%) 12 (7.5%) 1.000 14 (7.6%)
Private company (Pty) (Ltd) 6 (25.0%) | 61(38.1%) 1.000 67 (36.4%)
Public company (Ltd) 0 (0.0%) 37 (23.1%) 0.025 37 (20.1%)

| % and p-values based on non-missing cases | * parametric p-value.

4.14.1.1 Interpretation of data:
According to Table 4.20, most of the respondents at 87 per cent agreed with complying

with government regulations, while 13 per cent disagreed.

The majority of the respondents for Partnership, Close corporation (CC), Private
Company (Pty) (Ltd) and Public company (Ltd) agreed with complying with
government regulations at 13.8%, 7.5%, 38.1% and 23.1% respectively.

In the remaining form of ownership, 58.3 per cent of respondents in the Sole

Proprietorship disagreed with complying with government regulations.

The p-values for Sole proprietorship and Public company (Ltd) indicate a significant
level of association between these forms of ownership and adherence with
government regulations, with p-values less than the 0.05 level of significance at 0.001
and 0.025 respectively. The null hypothesis is thus rejected. This indicates that these
forms of ownership are more likely than the rest to comply with government

regulations.

4.14.1.2 Discussion:

Corporate compliance strategies are actions taken by businesses to comply with
environmental regulations while minimising their impact on the environment (Xie,
Wu, Li and Tian, 2023). However, according to varying levels of environmental
regulation, some organisations increase their investment in emission-reduction

technologies and develop green products, whereas others choose to relocate to
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regions with lower regulatory intensity due to high local environmental compliance
costs (Li, Du and Tang, 2021). In response to stringent environmental assessments,
China's largest steel company, Capital Steel, relocated from Beijing to Tangshan in
Hebei, where environmental regulations are relatively lax. It has been found that the
various compliance strategies used by firms offer a new perspective on understanding
differentiated productivity (Xie, Wu, Li and Tian, 2023). Past studies have confirmed
the positive impact of environmental regulations on the ecological environment (Yan,
Zhang, Zhang and Li, 2020).

Zhang, Li, Uddin and Guo (2020) investigated the relationship between environmental
regulations, overseas investment and carbon emissions in 30 Chinese provinces using
data from 2008 to 2016. In this study, it was discovered that environmental legislation
effectively regulates carbon dioxide emissions. Zhang et al. (2020) added that it is
critical for the development of environmental policies to reduce carbon emissions, such
mechanisms, and incentive-based

as carbon pricing, command-and-control

regulations.

4.14.2 Employs digitalised technology to reduce water consumption

The purpose of this sub-section was to determine whether manufacturing
organisations in the iLembe Municipal District in KwaZulu-Natal employ digitalised
technology to reduce water consumption. Table 4.21 represents the level of
association between diverse manufacturing sectors in the iLembe Municipal District in
KwaZulu-Natal and the employment of digitalised technology to reduce water

consumption as a waste management strategy.

Table 4. 21: Employs digitalised technology to reduce water consumption

Employs digitalised technology to reduce water | Disagree Agree p-value Overall
consumption (N=119) (N=65) (N=184)
Raw materials used / Final products Chi-sq.,

p=0.177
Automotive components 6 (5.0%) 8(12.3%) 14 (7.6%)
Electrical machinery; Apparatus 13 (10.9%) 2 (3.1%) 15 (8.2%)
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Food; Beverages; Tobacco 31(26.1%) | 19 (29.2%) 50 (27.2%)
Furniture manufacturing 13 (10.9%) 2 (3.1%) 15 (8.2%)
Metals; Metal products; Machinery; Equipment 15 (12.6%) 6 (9.2%) 21 (11.4%)
Paper; Printing 9 (7.6%) 9(13.8%) 18 (9.8%)
Petroleum; Chemical products 9 (7.6%) 4 (6.2%) 13 (7.1%)
Petroleum; Chemical products: Foam manufacturer 1(0.8%) 0 (0.0%) 1 (0.5%)

Plastic; Rubber products 11 (9.2%) 8(12.3%) 19 (10.3%)
Textiles; Clothing; Leather goods 11 (9.2%) 7 (10.8%) 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.14.2.1 Interpretation of data:

According to Table 4.21, most of the respondents at 64.68 per cent disagreed that
manufacturing organisations in the iLembe Municipal District were committed to the
employment of digitalised technology to reduce water consumption as a waste

management strategy, while 35.32 per cent agreed.

The majority of respondents for the Electrical machinery and Apparatus manufacturing
sector, Food, Beverages and Tobacco manufacturing sector, Furniture manufacturing
sector, Metals, Metal Products, Machinery and Equipment manufacturing sector,
Petroleum and Chemical products sector, Petroleum and Chemical products: Foam
manufacturing sector, Plastic and Rubber products sector and the Textiles, Clothing
and Leather goods manufacturing sector disagree with the employment of digitalised
technology to reduce water consumption as a waste management strategy at 10.9%,
26.1%, 10.9%, 12.6%, 7.6%, 0.8%, 9.2% and 9.2% respectively.

In the remaining sectors, 12.3 per cent of respondents in the Automotive components
manufacturing sector and 13.8 per cent of the respondents in the Paper and Printing
sector disagreed with the employment of digitalised technology to reduce water

consumption as a waste management strategy.
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The overall p-value for all the sectors listed in Table 4.21 at 0.177 is greater than the
0.05 significant level of association, which implies that no statistically significant
correlation exists between the various sectors and the employment of digitalised
technology to reduce water consumption as a waste management strategy. As a

result, the null hypothesis is accepted.

4.14.2.2 Discussion:

According to Yaqub and Lee (2019), in a number of countries, the concept of zero-
liquid discharge (ZLD) has transformed wastewater treatment. The ability of zero-liquid
discharge technology to optimise water recycling while simultaneously lowering
wastewater quantities generated broad interest in its re-use and resource recovery
potential. Yaqub and Lee (2019) further stated that as water resources become scarce,
re-use options are becoming more prevalent. To achieve the highest treatment
efficiency, scientists have proposed various tertiary treatment techniques that include
adsorption, electrochemical processes, advanced oxidation, and membrane-based
filtration (Wang, Jiang and Gao, 2022).

4.14.3 Employs digital technology to reduce the energy or electricity

consumption

The purpose of this sub-section was to determine whether manufacturing
organisations in the iLembe Municipal District in KwaZulu-Natal employ digitalised
technology to reduce the energy or electricity. Table 4.22 represents the level of
association between diverse manufacturing sectors in the iLembe Municipal District in
KwaZulu-Natal and the employment of digitalised technology to reduce the energy or

electricity as a waste management strategy.

Table 4. 22: Employs digital technology to reduce the energy or electricity

consumption

Employs digitalised technology to reduce energy or | Disagree Agree p-value Overall
electricity consumption (N=115) (N=69) (N=184)
Raw materials used / Final products Chi-sq.,

p=0.142
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Automotive components 6 (5.2%) 8(11.6%) 14 (7.6%)
Electrical machinery; Apparatus 12 (10.4%) 3(4.3%) 15 (8.2%)
Food; Beverages; Tobacco 29 (25.2%) | 21(30.4%) 50 (27.2%)
Furniture manufacturing 13 (11.3%) 2 (2.9%) 15 (8.2%)
Metals; Metal products; Machinery; Equipment 10 (8.7%) 11 (15.9%) 21 (11.4%)
Paper; Printing 9(7.8%) 9 (13.0%) 18 (9.8%)
Petroleum; Chemical products 9 (7.8%) 4 (5.8%) 13 (7.1%)
Petroleum; Chemical products: Foam manufacturer 1(0.9%) 0 (0.0%) 1(0.5%)

Plastic; Rubber products 13 (11.3%) 6 (8.7%) 19 (10.3%)
Textiles; Clothing; Leather goods 13 (11.3%) 5(7.2%) 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.14.3.1 Interpretation of data:

According to Table 4.22, most of the respondents at 62.5 per cent disagreed that
manufacturing organisations in the iLembe Municipal District were committed to the
employment of digitalised technology to reduce electricity consumption as a waste

management strategy, while 37.5 per cent agreed.

The majority of the respondents for the Electrical machinery and Apparatus
manufacturing sector, Food, Beverages and Tobacco manufacturing sector, Furniture
manufacturing sector, Petroleum and Chemical products sector, Petroleum and
Chemical products: Foam manufacturing sector, Plastic and Rubber products
manufacturing sector and the Textiles, Clothing and Leather goods manufacturing
sector disagree with the employment of digitalised technology to reduce the
consumption of electricity as a waste management strategy at 10.4%, 25.2%, 11.3%,
7.8%, 0.9%, 11.3% and 11.3% respectively.

In the remaining sectors, 11.6 per cent of respondents in the Automotive components
manufacturing sector; 15.9 per cent in the Metals, Metal products, Machinery and
Equipment manufacturing sector and 13.0 per cent of the respondents in the Paper
and Printing sector disagreed with the employment of digitalised technology to reduce

the consumption of electricity as a waste management strategy.
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The overall p-value for all the sectors listed in Table 4.22 at 0.142 is greater than the
0.05 significant level of association, which implies that no statistically significant
correlation exists between the various sectors and the employment of digitalised
technology to reduce the consumption of electricity as a waste management strategy.

As a result, the null hypothesis is accepted.

4.14.3.2 Discussion:

The Panasonic Group (2020), a major Japanese manufacturer of electric appliances
and consumer electronics products, announced the launch of its innovative, CO2-
saving energy solution for the smart city project Future Living® Berlin on July 1, 2020.
The installation in Berlin combines sustainable, digital and connected living. It is
realised through the installation of smart energy solutions, including Panasonic's highly
efficient air to water heat pumps, photovoltaic (PV) panels and storage batteries
integrated into an intelligent and efficient energy management system. The
technologies have been integrated into an energy saving solution that is not only
controlled, but also constantly optimised by Panasonic's smart energy management
solution (Panasonic Group, 2020). Renewable energy production and consumption,
according to Rehman, Islam, Ullah, Khan and Rehman (2023), are primarily dependent
on digitally controlled information technologies. In this regard, information digitalisation
is critical in dealing with renewable energy, specifically renewable electricity

generation technology, renewable electricity consumption, and production.

Only 37.5 per cent of respondents in this study agree to using digitalised technology

to reduce electricity consumption, whilst the remaining respondents disagreed.

4.14.4 Cost reductions due to the adoption of cleaner production processes

The purpose of this sub-section was to determine whether manufacturing
organisations in the iLembe Municipal District in KwaZulu-Natal realised cost
reductions due to the adoption of cleaner production processes. Table 4.23 represents
the level of association between diverse manufacturing sectors in the iLembe
Municipal District in KwaZulu-Natal and the realisation of cost reductions due to the

adoption of cleaner production processes.
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Table 4. 23: Cost reductions due to the adoption of cleaner production

processes
Realised cost reductions due to adoption of Disagree Agree p-value Overall
cleaner production processes (N=72) (N=112) (N=184)
Raw materials used / Final products Chi-sq.,
p=0.185
Automotive components 3(4.2%) 11 (9.8%) 14 (7.6%)
Electrical machinery; Apparatus 8(11.1%) 7 (6.2%) 15 (8.2%)

Food; Beverages; Tobacco

22 (30.6%)

28 (25.0%)

50 (27.2%)

Furniture manufacturing 6 (8.3%) 9 (8.0%) 15 (8.2%)
Metals; Metal products; Machinery; Equipment 6 (8.3%) 15 (13.4%) 21 (11.4%)
Paper; Printing 7 (9.7%) 11 (9.8%) 18 (9.8%)
Petroleum; Chemical products 3(4.2%) 10 (8.9%) 13 (7.1%)
Petroleum; Chemical products: Foam manufacturer 1(1.4%) 0 (0.0%) 1 (0.5%)

Plastic; Rubber products 5(6.9%) 14 (12.5%) 19 (10.3%)

Textiles; Clothing; Leather goods

11 (15.3%)

7 (6.2%)

18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.14.4.1 Interpretation of data:

According to Table 4.23, most of the respondents at 60.87 per cent agreed that
manufacturing organisations in the iLembe Municipal District had realised cost
reductions due to the adoption of cleaner production processes, while 39.13 per cent

disagreed.

The majority of the respondents for the Automotive components manufacturing sector,
Food, Beverages and Tobacco sector, Furniture manufacturing sector, Metals, Metal
products, Machinery and Equipment sector, Paper and Printing sector, Petroleum and
Chemical products sector, and Plastic and Rubber products sector agree with the
realisation of cost reductions due to the adoption of cleaner production processes at
9.8%, 25.0%, 8.0%, 13.4%, 9.8%, 8.9% and 12.5% respectively.

In the remaining sectors, 11.1 per cent of respondents in the Electrical machinery and

Apparatus manufacturing sector, 1.4 per cent of respondents in the Petroleum and
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Chemical products: Foam manufacture sector and 15.3 per cent of the respondents in
the and Textiles; Clothing and Leather goods sector disagree with the realisation of

cost reductions due to the adoption of cleaner production processes.

The overall p-value for all the sectors listed in Table 4.23 at 0.185 is greater than the
0.05 significant level of association, which implies that no statistically significant
correlation exists between the various sectors listed above and the realisation of cost
reductions due to the adoption of cleaner production processes. The null hypothesis

is thus accepted.

4.14.4.2 Discussion:

Industrial waste has a high potential for recovery, and extracting rare precious metals
from waste is one solution to resource scarcity (El-Saadony et al. 2023) and
organisational cost reduction. According to Wu, Liu and Qu (2022), when extracting
precious metals from waste, care must be taken to minimise secondary contamination
by controlling critical technical parameters so that the amount of newly valuable waste

is reduced while valuable metals are not lost.

Globally, mills that produce pulp and paper generate significantly large quantities of
waste. The vast majority of these wastes end up in landfill facilities, with minimal
incineration and no recycling taking place. According to a study conducted on pulp and
paper mill waste by Haile, Gelebo, Tesfaye, Mengie, Mebrate, Abuhay and Limeneh
(2021), waste which has been generated from paper and wood pulp mills can be
profitable when treated according to traditional and integrated bio-refinery advances
in technology. Advanced carbon fibre and bio-based polymer could be produced from
pulping waste black liquor, and cellulosic waste from sawdust and sludge can be
utilised to synthesize cellulose nanocrystals and regenerated fibres such as viscose
rayon and acetate, inter alia (Haile, et al., 2021). The authors further stated that it is
critical, from an environmental and socio-economic standpoint, to convert waste from
pulp and paper mills into highly lucrative products using suitable technological
innovations. Mabitsela, Telukdarie and Munsamy (2023) agree and asserted that
managing raw material consumption, equipment performance and process

parameters are all critical components of cost management in manufacturing.
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4.15 Barriers that hamper waste management practices amongst
manufacturing organisations in the Municipal District of iLembe in

KwaZulu-Natal

This section will explain the barriers to waste management practices utilised by man-
ufacturing organisations in the Municipal District of iLembe in KwaZulu-Natal. Several
variables were presented to respondents using a Likert scale questionnaire. The
following Mean values in Table 4.24 indicate their level of agreement or disagreement

with each variable, and the Alpha-if-deleted will reflect the level of item reliability.

Table 4. 24: Barriers that hamper waste management practices amongst

manufacturing organisations in the Municipal District of iLembe in KwaZulu-

Natal

Items Mean Alpha-if-deleted
Employee reluctance to adopt new cleaner industrial processes 2.163 0.303
Lacks effective waste management solutions 1.783 0.255
Total 1.973 0.434
Items dropped Improvement Overall, Alpha
Insufficient supply of biodegradable raw materials in our area 2 0.2985
Lack of capital to invest in new technologies to reduce waste 3 0.4205

4.15.1 Interpretation of data:
According to George and Mallery (2019), Cronbach's alpha coefficients for reliability
typically range from 0 to 1. The closer Cronbach's alpha is to 1.0, the higher the internal

consistency of the scale's items.

Due to the limited number of variables listed in Table 4.24, the total level of reliability
is low, as the total Alpha-if-deleted is 0.434. The total Mean at 1.973 indicates a
significant level of disagreement with the variables by respondents.
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The Mean value for assessing employee resistance to adopting new cleaner industrial
processes was 2.163 and 0.303 Alpha-if-deleted. The Mean value for assessing the
lack of effective waste management solutions was 1.783 and 0.255 Alpha-if-deleted.
The results indicate that respondents disagreed significantly with the variables,
indicating that the employees employed by their organisations are keen to embrace
cleaner industrial processes, and that their organisations do have efficient waste

management solutions in place.

The remaining two variables on the above table, namely Insufficient supply of
biodegradable raw materials in our area at 0.2985 alpha-if-deleted and Lack of capital
to invest in new technologies to reduce waste at 0.4205, had to be dropped in order to
improve the total Alpha-if-deleted value. Due to the miniscule number of variables in

this table, the results were insignificant.

4.15.2 Discussion:

The compositions of various wastes have changed over time, with waste materials
being directly associated with industrial development and innovation. According to a
study conducted by Jahan (2017) to identify barriers to recycling as well as marketing
strategies that would be appropriate for products made from recycled materials, the
most significant barriers to recycling were a lack of recycling equipment and
technology, a lack of recyclable materials, and a lack of consumer awareness.

Annosi, Brunetta, Bimbo and Kostoula (2021) conducted a qualitative study based on
eighteen in-depth interviews with managers of large multinational and local
organisations covering diverse and relevant roles on the digital food supply chain to
investigate how the digitalisation of the food supply chain operations affects
organisational and food supply chain progressions. Several barriers to the adoption of
digital technologies for sustainable production and consumption have been identified.
Weak environmental regulations, a lack of experts, a lack of change management
capabilities, a less skilled workforce, and a lack of priority for digital transformation
were amongst the 21 barriers identified (Sharma, Joshi and Govindan, 2023; Annosi
et al., 2021).
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4.16 Organisations supporting a waste recycling plant in iLembe

The purpose of this sub-set was to establish whether manufacturing organisations in

the iLembe Municipal District in KwaZulu-Natal would support a waste recycling plant

in iLembe. Table 4.25 represents the level of association between diverse

manufacturing sectors in the iLembe Municipal District in KwaZulu-Natal and their level

of agreement or disagreement in support of a waste recycling plant in iLembe.

Table 4. 25: Manufacturing organisation vs. the support of a waste recycling

plant in the Municipal District of iLembe

Organisation supporting waste recycling No Unsure Yes p-value Overall
plant in iLembe (N=5) (N=25) (N=154) (N=184)
Raw materials used / Final products Chi-sq.,

p=0.436
Automotive components 1 (20.0%) 1(4.0%) 12 (7.8%) 14 (7.6%)
Electrical machinery; Apparatus 1(20.0%) | 4(16.0%) 10 (6.5%) 15 (8.2%)
Food; Beverages; Tobacco 1(20.0%) | 10 (40.0%) | 39 (25.3%) 50 (27.2%)
Furniture manufacturing 0 (0.0%) 1(4.0%) 14 (9.1%) 15 (8.2%)
Metals; Metal products; Machinery; | 0 (0.0%) 1(4.0%) 20 (13.0%) 21 (11.4%)
Equipment
Paper; Printing 1(20.0%) 2 (8.0%) 15 (9.7%) 18 (9.8%)
Petroleum; Chemical products 0 (0.0%) 0 (0.0%) 13 (8.4%) 13 (7.1%)
Petroleum;  Chemical products: Foam | 0 (0.0%) 0 (0.0%) 1(0.6%) 1(0.5%)
manufacturer
Plastic; Rubber products 0 (0.0%) 2 (8.0%) 17 (11.0%) 19 (10.3%)
Textiles; Clothing; Leather goods 1(20.0%) | 4(16.0%) 13 (8.4%) 18 (9.8%)

| % and p-values based on non-missing cases | * parametric p-value.

4.16.1 Interpretation of data:

According to Table 4.25, 83.7 per cent of the respondents agreed that their

organisation would support a waste recycling plant in the area. Furthermore, 13.6 per

cent of the respondents indicated that they were unsure if their organisations would
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support a waste recycling plant in iLembe, and a miniscule amount of 2.7 per cent
stated that their organisations would not support a waste recycling plant in the area.

The overall p-value for all the sectors listed in Table 4.25 (at 0.436) is greater than the
0.05 significant level of association, which implies that no statistically significant
correlation exists between the various sectors listed above and their enthusiasm to

support a waste recycling plant in iLembe. The null hypothesis is thus accepted.

4.16.2 Discussion:

Recycling plays an increasingly important role in an integrated waste management
system. According to Akoon (2023), the City of Ekurhuleni in South Africa signed a
Memorandum of Understanding with Oxfam in 2010 with the goal of providing value to
waste-pickers throughout the city. Over the course of six years, this partnership saw
the development of five recycling facilities throughout the city, with more projects in
the works. The City of Ekurhuleni and Oxfam later decided to establish a plastic
beneficiation project, with major companies such as Unilever, Tiger Brands and
Serioplasts already committed to being end-users of the pellets produced. Akoon
(2023) further stated that creating partnerships between the community, private
business, the recycling industry and multinational companies can address the common
goals of reducing poverty, creating jobs and importantly addressing climate change
and the associated environmental challenges.

In this study, most respondents (at 83.7 per cent) supported the idea of a waste
recycling plant in the area. This indicates that there is a willingness to recycle and
eradicate the region of waste. The support received from most respondents at 83.7
per cent for a recycling plant in iLembe bodes well for the future of both the iLembe

Municipal District and the environment at large.

4.17 Concluding remarks

The data obtained from the participants facilitated the analysis and discussion on the
state of waste management practices within the Municipal District of iLembe in
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KwaZulu-Natal. The analysis revealed that not all organisations in the study area were

managing their waste in an environmentally responsible manner.

According to the results of this study, 61% of respondents agreed that their
organisation's waste is recycled in-house. The second-highest number of
respondents, 60%, stated that their organisations re-use waste to manufacture other
products, while 48% stated that their organisations burn waste. Another significant
finding of the study was that chemical waste was the most common type of waste
generated in the Municipal District of iLembe in KwaZulu-Natal, which is concerning
and can be harmful if toxins such as mercury and lead are not properly disposed of,
with certain chemicals having high global warming potential due to their accumulation
and persistence in the environment. Respondents were presented with various drivers
of waste management practices. However, two of the most popular drivers noted were
complying with government regulations, where the majority of the respondents at 87%
agreed while 13% disagreed, and cost reductions due to the adoption of cleaner
production processes, where the majority of the respondents at 60.87% agreed that
manufacturing organizations in the iLembe Municipal District had realised cost
reductions due to the adoption of cleaner production processes, while 39.13%.
Respondents were also presented with barriers that hamper waste management
practices. The mean value for assessing employee resistance to adopting new cleaner
industrial processes was 2.163 and the mean value for evaluating the lack of effective
waste management solutions was 1.783. These results indicate that respondents
strongly disagreed with the barriers, indicating that the employees within their
organisations are keen to adopt cleaner industrial processes, and that their

organisations do have efficient waste management solutions in place.

Waste that is not recycled in an environmentally responsible manner not only degrades
the environment, but also has a negative impact on human health in South Africa. This
study only considers the iLembe region of KwaZulu-Natal. If other industrial hubs in
KwaZulu-Natal and the other eight provinces of South Africa are included, the
estimated volume of waste generated in South Africa over the next five years will be

significantly higher and hence, its impact will be significantly rigorous.
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In the final chapter, the major findings of the study are summarised and, based on the
findings, some tentative conclusions and recommendations regarding the
management of waste are presented. The chapter concludes by outlining the

constraints of the study, and by suggesting areas for future research.

136



CHAPTER FIVE

RECOMMENDATIONS AND CONCLUSIONS

5.1 Introduction

The previous chapter used descriptive and inferential statistics to analyse and interpret
the results of the study. Central tendency descriptive statistics; Chi-Square tests; and
T-tests were amongst the statistical tests used to analyse and interpret the data.

Following an expansion on some of the previous section's results, this chapter will
provide an overview of the theoretical orientation; provide an empirical overview of the
study; ascertain if the study objectives were achieved; emphasize constraints
encountered during the study process; and provide tentative conclusions and

recommendations for future research.

5.2 Overview of the Theoretical Orientation

Zamboni (2018) asserts that a theoretical orientation, sometimes referred to as a
theoretical framework, is a set of ideas and assumptions that a researcher uses to
begin writing a research paper. A researcher's theoretical orientation serves as a
starting point for arranging the notions that emerge during their research and writing.
According to Ndubisi, Zai and Lai (2019), manufacturing organisations are responsible
for depleting a large portion of the world’s natural resources and contributing towards
air pollution, water contamination and waste generation. Emerson (2020) contends
that non-sustainable manufacturing and waste management practices compromise
the health of the general population by contaminating the air, drinking water, soil,
crops, cattle fish and other resources. Therefore, the theoretical orientation of this
study focused on the nature and the extent to which manufacturing organisations in
the iLembe Municipal District in KwaZulu-Natal have adopted sustainable waste
management practices.

The subsequent section summarises the empirical research that was conducted. This
includes the fundamental concepts that aided the researcher in obtaining the results,
as well as the logical steps that were followed in carrying out this investigation.
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5.3 Empirical overview of the study

Bouchrika (2023) claims that the term ‘empirical’ “refers to data gained through
experience, observation or experimentation. In empirical research, knowledge is
derived through real experience rather than theoretical assumptions”. Logical
reasoning was applied in this study. According to Chen (2020), logical or deductive
reasoning involves the use of a given set of facts or data to deduce additional facts via
logical reasoning. It involves drawing specific inferences based on premises.

The following stages were used in carrying out the research:

5.3.1 Planning and framing

The researcher had to determine the topic, define the objectives of the study, develop
a research proposal and set out the time-frame for the study. The review of the
literature aided the researcher in identifying the broader context of waste management
practices amongst manufacturing organisations in the Municipal District of iLembe in

KwaZulu-Natal.

5.3.2 Gathering and recording data

The literature review enabled the researcher to generate relevant questions from
research instruments used in previous studies of a similar nature. A self-administered
approach was employed in this investigation. The researcher developed an electronic

guestionnaire to obtain meaningful data from the respondents.

5.3.3 Analysing data and interpretation of study results

This study was quantitative in nature. The data obtained from the electronic
guestionnaires were statistically analysed. A statistician was appointed to assist with
data analysis. The data was analysed using standardised tables to ensure

consistency.

5.3.4 Report writing

The report was structured in five chapters. Chapter One introduced the study and its
contents and the legislative framework supporting ethical waste management
practices, while Chapter Two discussed the literature review and provided

explanations of keys terms in light of the study's objectives. The research design and
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methodology utilised in the study were explained in detail in Chapter Three. The data
analysis and interpretation were reported in Chapter Four with the use of figures and
tables. Furthermore, the conclusion and recommendations for further research are
presented in Chapter Five.

The subsequent section presents the demographic results of the study.

5.4 Achievement of the Research Objectives

This research study is navigated by well-defined research aims and objectives as they
are the fundamental building blocks of any research project. They provide a clear
direction and purpose for the study, ensuring that the researcher remains focused and
on track throughout the investigation. The aim of this study was to investigate the
nature and the extent to which manufacturing organisations in the iLembe Municipal
District in KwaZulu-Natal have adopted sustainable waste management practices.

The achievements of the research objectives are discussed below.

5.4.1 Objective One

To establish the types of waste generated and the waste disposal measures that
manufacturing organisations in the iLembe Municipal District employ:

Several options were presented to respondents via an electronic Likert scale
guestionnaire in respect of the types of waste they generate and how their
organisations dispose of the waste they generate.

The types of waste presented to participants were Chemical Waste, Solid waste, Metal
waste, Plastic waste, Other waste, Toxic waste, Food processing waste, Used
Lubricants Electronic waste, Wood and paper waste, Laboratory waste and

Radioactive waste.

The results indicated that Chemical, Solid and Metal waste were amongst the most
prominent types of waste generated in the Municipal District of iLembe, accounting for
30.4 per cent, 29.9 per cent and 29.3 per cent respectively, while radioactive waste
accounts for 4.3 per cent of the waste generated in the Municipal District of iLembe in

KwaZulu-Natal, which is the least generated type of waste.
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The results also indicated that the most prominent waste disposal measures were
Waste recycled in-house, Waste re-used to manufacture other products and
Incineration at 61 per cent, 60 per cent and 48 per cent respectively, while the least

used waste disposal measure was Plasma gasification at 4 per cent.

5.4.2 Objective Two

To investigate the strategies employed by manufacturing organisations in the iLembe
Municipal District to minimise waste:

Several alternatives were presented to respondents via an electronic Likert scale
guestionnaire in respect of the measures or strategies employed by manufacturing

organisations in the iLembe Municipal District to minimise waste.

The measures presented to the respondents included manufacturing organisations vs.
the effective reduction of hazardous substances into the environment; constant
environmental auditing as an internal waste management strategy; necessary
resources to design green or eco-friendly products; complies with the application of
environmental management; utilisation of waste treatment techniques to reduce
toxicity prior to disposal; policy to effectively manage waste; access to essential
resources; the implementation of eco-friendly product design; reduction of water and
electricity; and organisational perception on waste value and regional waste

management.

The results indicate that only 40.0 per cent of respondents in the Food, Beverage and
Tobacco manufacturing sector and 14.3 per cent in the Paper and Printing sector had
agreed with the effective reduction of hazardous substances into the environment. The

remaining sectors disagreed.

The majority of the respondents for the Automotive components manufacturing sector,
Food, Beverage and Tobacco manufacturing sector, Furniture manufacturing sector,
Metals, Metal products, Machinery and Equipment manufacturing sector, Petroleum
and Chemical products sector, and the Petroleum and Chemical products: Foam

manufacturing sector agree with constant environmental auditing as an internal waste
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management strategy at 7.5 per cent, 34.0 per cent, 7.5 per cent, 14.2 per cent, 6.6
per cent and 0.9 per cent respectively.

The majority of the respondents for the Automotive components manufacturing sector,
Food, Beverage and Tobacco manufacturing sector, Furniture manufacturing sector,
Metals, Metal Products, Machinery and Equipment manufacturing sector, Paper and
Printing sector, Petroleum and Chemical products sector, and the Petroleum and
Chemical products: Foam manufacturing sector agree with having access to the
necessary resources to design green or eco-friendly products as a waste management
strategy at 8.7 per cent, 27.2 per cent, 7.8 per cent, 14.6 per cent, 10.7 per cent, 8.7

per cent and 10.7 per cent respectively.

The majority of the respondents for the Automotive components manufacturing sector,
Electrical machinery and Apparatus manufacturing sector, Food, Beverage, and
Tobacco manufacturing sector, Furniture manufacturing sector, Metals, Metal
Products, Machinery and Equipment manufacturing sector, Paper and Printing sector,
Petroleum and Chemical products sector, Petroleum and Chemical products: Foam
manufacturing sector, and the Plastic and Rubber products sector agree with
complying with the application of environmental management as a waste management
strategy at 8.5 per cent, 7.0 per cent, 27.9 per cent, 7.0 per cent, 11.6 per cent, 10.9

per cent, 8.5 per cent, 0.8 per cent and 11.6 per cent respectively.

The majority of the respondents for the Automotive components manufacturing sector,
Electrical machinery and Apparatus manufacturing sector, Food, Beverage and
Tobacco manufacturing sector, Furniture manufacturing sector, Metals, Metal
Products, Machinery and Equipment manufacturing sector, Paper and Printing sector,
Petroleum and Chemical products sector, Petroleum and Chemical products: Foam
manufacturing sector and the Plastic and Rubber products manufacturing sector agree
with complying with the application of environmental management as a waste
management strategy at 8.5 per cent, 7.0 per cent, 27.9 per cent, 7.0 per cent, 11.6

per cent, 10.9 per cent, 8.5 per cent, 0.8 per cent and 11.6 per cent respectively.

141



The majority of the respondents for the Food, Beverage and Tobacco manufacturing
sector, Furniture manufacturing sector, Paper and Printing sector, Petroleum and
Chemical products: Foam manufacturing sector, and Plastic and Rubber products
sector disagree with the utilisation of waste treatment techniques to reduce toxicity
prior to disposal at 6.8 per cent, 11.0 per cent, 28.8 per cent, 11.9 per cent, 13.6 per
cent, 9.3 per cent, 0.8 per cent and 9.3 per cent respectively.

The majority of respondents agreed with having Policy to effectively manage waste;
agreed to having access to essential resources to effectively manage waste; and
agreed with the implementation of eco-friendly product design to effectively manage
waste. The results indicated that respondents had a neutral response to the reduction
of water and electricity in production processes. Furthermore, the results indicated that
manufacturing sectors in the iLembe Municipal District in KwaZulu-Natal have a
positive perception on waste value and regional waste management which bodes well

for the future of the district.

5.4.3 Objective Three

To identify the drivers of sustainable waste management practices amongst
manufacturing organisations in the iLembe Municipal District:

Several variables were presented to respondents using an electronic Likert scale
guestionnaire to identify their level of association, agreement or disagreement with the
factors that influence sustainable waste management practices amongst

manufacturing organisations in the iLembe Municipal District.

Various factors influencing waste management practices used by manufacturing
organisations in the Municipal District of iLembe in KwaZulu-Natal were presented to
participants, such as Compliance with government environmental regulations;
Employs digitalised technology to reduce water consumption; Employs digital
technology to reduce energy consumption; and Cost reductions due to the adoption of

cleaner production processes.
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The majority of the respondents for Partnership, Close Corporation (CC), Private
Company (Pty) (Ltd) and Public Company (Ltd) agreed with complying with
government regulations at 13.8 per cent, 7.5 per cent, 38.1 per cent and 23.1 per cent

respectively.

The majority of respondents for the Electrical machinery and Apparatus manufacturing
sector, Food, Beverages and Tobacco manufacturing sector, Furniture manufacturing
sector, Metals, Metal Products, Machinery and Equipment manufacturing sector,
Petroleum and Chemical products sector, Petroleum and Chemical products: Foam
manufacturing sector, Plastic and Rubber products manufacturing sector, and the
Textiles; Clothing and Leather goods manufacturing sector disagree with the
employment of digitalised technology to reduce water consumption as a waste
management strategy at 10.9 per cent, 26.1 per cent, 10.9 per cent, 12.6 per cent, 7.6
per cent, 0.8 per cent, 9.2 per cent and 9.2 per cent respectively.

The majority of the respondents for the Electrical machinery and Apparatus
manufacturing sector, Food, Beverages and Tobacco manufacturing sector, Furniture
manufacturing sector, Petroleum and Chemical products sector, Petroleum and
Chemical products: Foam manufacturing sector, Plastic and Rubber products sector
and Textiles; Clothing and Leather goods sector disagree with the employment of
digitalised technology to reduce the consumption of electricity as a waste management
strategy at 10.4 per cent, 25.2 per cent, 11.3 per cent, 7.8 per cent, 0.9 per cent, 11.3

per cent and 11.3 per cent respectively.

The majority of the respondents for the Automotive components manufacturing sector,
Food, Beverages and Tobacco manufacturing sector, Furniture manufacturing sector,
Metals, Metal products, Machinery and Equipment manufacturing sector, Paper and
Printing sector, Petroleum and Chemical products sector and, Plastic and Rubber
products manufacturing sector agree with the realisation of cost reductions due to the
adoption of cleaner production processes at 9.8 per cent, 25.0 per cent, 8.0 per cent,

13.4 per cent, 9.8 per cent, 8.9 per cent and 12.5 per cent respectively.
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5.4.4 Objective Four

To identify the barriers hampering the adoption of sustainable waste management
practices amongst manufacturing organisations in the iLembe Municipal District:

Several barriers were presented to respondents using an electronic Likert scale
guestionnaire. Amongst the barriers presented were employee reluctance to adopt
new cleaner industrial processes and the lack of effective waste management

solutions.

The results indicated that respondents significantly disagreed with the variables, which
indicates that their organisations are keen to embrace cleaner industrial processes

and that their organisations do not lack efficient waste management solutions.

5.5 Implications of the study

According to Khan, Anjum, Raza, Bazai and lhtisham (2020), waste is a symptom of
inefficiency and a misallocation of resources in any modern civilisation. Improper
waste management not only exhausts the world's natural resources but can also
gravely pollute ecosystems, air, water and soil. These impacts may be both short- and
long-term in nature. If chemicals are not properly disposed of, they can pass through
wastewater treatment systems and endanger human health and biodiversity by
contaminating drinking water or oceans. Pollution and toxic substances may adversely
affect plants, livestock, aquaculture, and various other sources of food. Ultimately, the
most evident and immediate result of incorrect waste disposal is the irreparable
environmental harm that will impact future generations to come. Consequently,
promoting effective waste management has become a major challenge worldwide and
there is an urgent need for emerging waste management approaches to maximise

resource recovery while minimising environmental pollution.

The limitations and scope of the study are addressed in the section that follows.
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5.6 Limitations and scope (Delimitations)

According to Bhasin (2023), limitations are constraints or restrictions that inhibit a
study and its results. Due to financial and time constraints, the study was confined to
262 manufacturing sectors within the Municipal District of iLembe in KwaZulu-Natal.
The results of the study indicate that only 70.23 per cent of participants from the 262
industrial sectors participated in this study. The results, however, have far broader
ramifications as there is a substantial amount of data available for the international
arena and not just South Africa.

The recommendations for future studies are proffered in the following section.

5.7 Recommendations for future studies

Following an extensive journey into the field of waste management practices in the
manufacturing industry, it was discovered that there are numerous opportunities for
further research and professional development for both researchers as well as
practitioners. After analysing the data for this study, it is suggested that the following

be addressed:

The results reveal that chemical waste is the most common type of waste generated
in the Municipal District of iLembe. If chemicals are not disposed of in a proper manner,
they can enter wastewater treatment systems and damage human health and
biodiversity by contaminating the air, drinking water and oceans. Future studies could
focus on whether or not there is adequate awareness and training on laboratory and

chemical safety amongst manufacturing organisations.

According to the results of the study, insufficient waste treatment techniques are being
applied in the Municipal District of iLembe. More waste treatment techniques must be
implemented prior to waste disposal in order to limit toxicity. Further studies could be
focused on the barriers that hamper manufacturing organisations from adopting waste

treatment techniques.
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Incineration is the third most common method of disposal in the Municipal District of
iLembe. Incinerators produce additional hazardous chemicals and pollutants that
deteriorate the quality of the local air, harming both humans and the environment.
Future studies could be conducted to determine whether manufacturing organisations

are adequately educated on the environmental repercussions of waste incineration.

The results demonstrate that respondents had a neutral reaction to the reduction of
water and electricity in their organisations’ production processes. Future studies could
aim to identify the hurdles that hamper businesses from reducing their consumption of

water and/or electricity used in their manufacturing processes.

This study focused on all manufacturing sectors in the Municipal District of iLembe in
KwaZulu-Natal. Future studies could focus on the waste management practices of a
specific manufacturing sector and/or specific manufacturing processes used to reduce
waste and expand the body of knowledge when dealing with certain manufacturing

processes.

5.8 Conclusion

This section will briefly elaborate on the major theoretical highlights of this study. The
significance of the research design, the influence of those who participated in the
successful completion of this study, in addition to its potential effect on the body of
knowledge will be presented.

While expanding urbanisation, growing populations and technological advances may
result in higher production levels, the downside is that the depletion of natural
resources and the volume of waste generated are rising at an alarming rate. If drastic
measures to manage the expanding waste problem are not implemented soon, the
environment and human health will experience harsh consequences. Consequently,
the purpose of this study was to investigate the nature and extent to which
manufacturing organisations in the Municipal District of iLembe in KwaZulu-Natal have
adopted sustainable waste management practices and to discuss their implications for
waste management.
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Due to the relatively small size, the entire target population was surveyed. This
consisted of 262 manufacturing organisations in the iLembe Municipal District of South
Africa. Although 191 individuals, representing 191 manufacturing organisations,
participated in the study and answered the electronic questionnaire, only 184
guestionnaires were deemed credible for use in the data analysis, when the statistics
were calculated and drawn from SPSS. Comparative descriptive statistics, correlation
analysis, chi-square tests, t-tests and central tendency descriptive statistics were
employed in this study. Tables and figures were especially useful since there was a
substantial number of participants and a variety of important demographic and clinical
characteristics to define. Upon evaluation of the occupational levels of respondents
that participated in the study, it was discovered that the majority of respondents at
31.0%, selected the category titled ‘Other’, which included a range of diverse
employment categories within the relevant manufacturing sectors that were not
specified in the questionnaire. Heads of Department / Supervisors responded at the
second highest rate at 30.4%. Production managers accounted for 16.8 percent of all
responses, ranking third highest. The remaining occupational levels were general
managers at 9.8 percent and proprietors at 12.0%.

The research objectives were achieved, and the research questions posed at the
beginning of the study have all been answered. The majority of respondents at 61%,
agreed that their organisation's waste is recycled in-house. The second highest
number of respondents, at 60%, stated that their organisation re-uses waste to
manufacture other products, whereas 48% stated that their organisation incinerated
waste. A further noteworthy outcome of the study was that chemical waste was the
most common type of waste generated in the Municipal District of iLembe in KwaZulu-
Natal, which is concerning and can be hazardous if toxins such as mercury and lead
are not correctly disposed of, with certain chemicals having high global warming
potential due to their accumulation and persistence in the environment. Respondents
were presented with various drivers that influence sustainable waste management
practices. Nevertheless, two of the most prevalent drivers noted were compliance with

government regulations, where the majority of the respondents at 87% agreed while
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13% disagreed, and cost reductions due to the adoption of cleaner production
processes, where the majority of the respondents at 60.87% agreed that
manufacturing organisations in the iLembe Municipal District had realised cost
reductions due to the adoption of cleaner production processes, while 39.13% had
disagreed. Respondents were also presented with barriers that hamper sustainable
waste management practices. The results indicated that the average value for
assessing employee resistance to adopting new cleaner industrial processes was
2.163 and 0.303 Alpha-if-deleted. The average score for determining the lack of
effective waste management solutions was 1.783 and 0.255 Alpha-if-deleted. The
outcomes reveal that respondents strongly disagreed with the variables, implying that
the employees of their organisations are eager to promote cleaner industrial processes

and that their organisations have effective waste management solutions in place.

Taking cognizance of the outcomes of this study, it is critical that more awareness,
training and development on sustainable waste management methods be adopted in
order for organisations to actively innovate in the waste domain. The industrial sector
is vital to economic progress. However, industrial pollution poses environmental and
economic concerns. Therefore, sustainable waste management practices should not
be considered an option as it is critical in reducing negative environmental and social
impacts throughout the product life-cycle, from design to production, consumption and
ultimate disposal, and perhaps a more effective policing of the various waste
management strategies and regulations will compel organisations to dispose of their

waste in an environmentally responsible manner.
The results of this study will undoubtedly enhance to the body of knowledge and could

be generalised and beneficial to other researchers and academics who are interested

in working on this subject matter.
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APPENDICES
APPENDIX A: RESEARCH QUESTIONNAIRE

A DURBAN
hbh UNIVERSITY OF
" TECHNOLOGY

Waste management practices among manufacturing organisations in the iLembe
Municipal District in KwaZulu-Natal

Good day

As a Master’s student at the Durban University of Technology, |, Everlane Reddy, a KwaDukuza resident, am
conducting research on waste management practices among manufacturing organisations in the iLembe Municipal
District in KwaZulu-Natal. In this regard, | sincerely request your participation in this survey by completing the short
questionnaire below.

Please note that as you are not required to reveal your name or the name of your organisation, your
confidentiality and anonymity are guaranteed.

By completing the survey, it is implied that you consent to participate in the study. (Ethical Clearance number:
149/22). Should you have any questions or concerns, kindly contact me at 21751874@dut4life.ac.za or my
research supervisor, Prof. RW.D. Zondo, at DumisaniZ@dut.ac.za. Thank you!

Start time: Finish time:

Kindly indicate your response (in all sections) by marking the appropriate box with a cross (X)

SECTION A: DEMOGRAPHIC DETAILS

1. Personal Details

1.1 Position in the organisation

1.1. | Proprieto 1.1 | General 1.1. | Productio 11. | Head  of 1.1. | Othe
1 r .2 | Manager 3 n 4 Department 5 r
Manager /Supervisor
1.2 Age
1.2.1 18-34 Years 1.2.2 | 35-59 Years 1.2.3 | 60 Years and older

1.3 Highest Educational Qualification
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1.3.1 | Grade 12 1.3. | Diploma / 1.3.3 | Postgraduate 1.3.4 | Other
2 Degree Degree
2. Organisational Details
2.1 Which category of raw materials, semi-finished products or finished products does your
organisation manufacture?
2.1.1 | Furniture 2.1.2 | Paper and printing 2.1.3 | Electrical machinery
manufacturing products and apparatus
2.1.4 | Textiles, clothing and 2.1.5 | Food, beverages and 2.1.6 | Metals, metal
leather goods tobacco products, machinery
and equipment
2.1.7 | Petroleum and 2.1.8 | Plastic and rubber 2.1.9 | Automotive
chemicals products products component
2.10 | Other (please state)
2.2 Number of full-time employees?
22. |1 - 10 222 |11 - 50 223 |51 - 250 224 | More  than
1 employees employee employees 250
S employees
2.3 How long has your organisation been in operation?
2.3.1 | Less than 1 23211 - 5 233 |5 - 10 2.34 | Older than 10
year years years years
2.4 Form of ownership
2.4.1 | Sole proprietorship 2.4.2 | Partnership 2.4.3 | Close Corporation
(CC)
2.4.4 | Private company (Pty) 2.4.5 | Public Company
(Ltd) (Ltd)
SECTION B
3. Select the types of waste generated by your organisation
3.1 | Toxic Waste 3.2 | Used Lubricants 3.3 | Chemical Waste
3.4 | Plastic Waste 3.5 | Solid Waste 3.6 | Laboratory Waste
3.7 | Wood & Paper 3.8 | Electronic Waste 3.9 | Radioactive Wastes
3.10 | Food Processing Waste 3.11 | Metals 3.12 | Other

Please indicate the extent to which you agree or disagree with the statements below by placing a
cross “X” in the appropriate column
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Rating ! p 2 3 4 S
Scale S!rongly Disagree Neutral Agree Strongly
Disagree Agree

4. Waste management/disposal method Rating

41 Our waste is recycled in-house 1 2 |3 |4 |5
4.2 Our waste is reused to manufacture other-products 1 2 3 |4 5
4.3 Plasma Gasification 1 2 |3 |4 |5
4.4 Composting 1 2 |3 |4 |5
4.5 Incineration 1 2 3 |4 S
4.6 Sanitary-landfills 1 2 |3 |4 |5
4.7 Stored Indefinitely 1 2 3 |4 S
4.8 Dilution 1 2 |3 |4 |5
49 Collected by the municipality 1 2 3 |4 5
410 Fermentation 1 2 3 |4 S

SECTIONC

5. Please indicate the extent to which you agree or disagree with the statements below by placing a

cross
“X” in the appropriate column

1 2 3 4 5
Rating Scale IEJTReL; Disagree Neutral Agree Strongly Agree
Disagree

5. Measures used to manage waste Rating

5.1 | Ourorganisation has a policy for managing waste generated during production | 1 34

5.2 | Our organisation has the necessary resources to design green / eco-friendly | 1 34
products.

5.3 | The technology employed in our organisation is current and adequate for | 1 31415
enabling clean production processes.

54 | Our organisation often makes fundamental changes to product design & | 1 31415
processes to reduce pollution, waste, and toxic emissions.

5.5 | Our organisation uses biodegradable and/or compostable raw materials. 1 34

5.6 | Our organisation effectively reduces the carbon emission and hazardous | 1 3|4
substances or waste into the environment.

5.7 | Our organisation incorporates recycled materials in certain product | 1 31415
formulations.

5.8 | Our organisation considers constant environmental auditing as an internal | 1 31415
waste management strategy.

5.9 | Our organisation complies with the application of environmental management | 1 31415
systems (for example, Eco-management and Audit Scheme (EMAS) or to
SABS ISO for example, 14001, 1ISO14021)

5.10 | Our organisation has reduced the consumption of water in its production | 1 31415
Processes.
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5.11 | Our organisation has reduced the consumption of electricity in its production | 1 |2 |3 |4 |5
processes.

5.12 | Our products are packaged in reusable packaging. 1 1213|415

5.13 | Our organisation provides adequate training to its employees on how to |1 |2 |3 |4 |5
dispose of toxic waste

5.14 | Our organisation uses waste treatment techniques to reduce the volume of |1 |2 |3 |4 |5
toxicity prior disposal

515 | Our organisation has collection points for post-consumer waste, |1 |2 |3 |4 |5
products/packaging.

5.16 | Our organisation employs “Waste pickers” to collect our post-consumerwaste | 1 |2 |3 |4 |5

517 | To what extent do you agree or disagree with the statement that (1 [2 |3 |4 |5
“‘obsolete/redundant waste contains no value™?

5.18 | To what extent do you agree or disagree with the statement that “thereisa |1 |2 |3 |4 |5
serious waste management problem in iLembe™?

SECTION D

Please indicate the extent to which you agree or disagree with the statements below by placing a
cross “X” in the appropriate column

1 2 3 4 5
Rating Scale Strongly Disagree Neutral Agree Strongly Agree
Disagree
6. Factors influencing waste management practices in your organisation Rating
6.1 | Our organisation complies with Government Environmental Regulations. 1121]3 |4

6.2 | Our organisation receives government grants or other financial incentives to |1 |2 | 3 | 4
support innovative and high-impact green initiatives.

6.3 | Our organisation experiences pressure from non-governmental organisations |1 |2 |3 | 4
(NGOs) and the local community with regards to waste management.

6.4 | Our organisation employs digitalised technology to reduce energy/electricity |1 |2 |3 | 4
consumption during production

6.5 | Our organisation employs digitalised technology to reduce water consumption | 1 |2 | 3 | 4
during production

6.6 | Our organisation has realised cost reductions due to the adoption of cleaner |1 |2 |3 | 4
production processes and green initiatives.

6.7 | Other

7. Barriers to adopting sustainable waste management practices in your Ratin
organisation 9
7.1 | Lack of capital to invest in new technologies and processes to reduce waste. 1123|415
7.2 | Employee reluctance to adopt new technologies and cleaner industrial processes | 1 |2 |3 |4 |5
7.3 | Insufficient supply of biodegradable raw materials in our area 112131415
7.4 | Our organisation lacks effective waste management solutions 112131415
7.5 | Other
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8. Would your organisation consider supporting a waste recycling plant in iLembe?

181 [Yes | [82 [No| [83 [Unsure | |

If you wish to receive a copy of the research results, please state your e-mail address below:

Thank you for taking the time to complete this questionnaire and for your contribution to this study.
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APPENDIX B: LETTER OF INFORMATION

FRVAV
INSTITUTIONAL VALY

4
LA COMMITTEE Vk;hr
rLr

Faculty of Management Sciences
Department of Entrepreneurial Studies and Management
Date: 12 August 2021

Dear Participant
LETTER OF INFORMATION

Title of the Research Study: (Waste management practices among manufacturing
organisations in the iLembe Municipal District in KwaZulu-Natal)

Principal Investigator/s/researcher: Everlane Reddy, (Bachelor of Technology in

Management)
Co-Investigator/s/supervisor/s: Professor R.W.D. Zondo, (D. Com)

Brief Introduction and Purpose of the Study: Operating a firm in the context of
current environmental concerns necessitates a transition away from a management
strategy that is merely focused on achieving economic goals. The chronic issues
associated with environmental exploitation and pollution, as well as the constant
shrinkage of available natural resources makes environmental challenges an
extremely crucial corporate imperative. In this context, sustainable business practices,
particularly those that are innovative, are gaining traction. These green initiatives allow
for the mitigation and/or reduction of environmental pollution while, at the same time,
generating certain measurable benefits for the companies implementing them.

Considering the above, this investigation aims to assess the use of sustainable waste
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management practices among manufacturing organisations in the iLembe Municipal
District, KwaZulu-Natal (KZN).

Greeting: (Good day, how are you).

Introduce yourself to the participant: | am a 2" year student at DUT doing research

for my Master of Management Sciences Degree (Business Administration).

Invitation to the potential participant: | would like to invite you to participate in the
research.

What is Research: Research can be described as the organized generation of new
information and/or the creative application of existing information to generate novel
ideas, approaches, and comprehensions. You are free to ask as many questions as
you wish because it is important that you fully understand the study. You are permitted
to discuss the study with your family and friends and are under no obligation to commit
at this stage. For this purpose, a copy of the Letter of Information document will be
issued to you to take home.

Outline of the Procedures: Data for this study will be gathered by means of a survey
consisting of structured questions. The questionnaire should take between 20-25
minutes to complete. Please complete the questionnaire within 2 weeks of receipt and
kindly return to eve.ré44@gmail.com. The data will then be analysed, and the results
used to provide recommendations. Should you wish to receive a copy of the results of

this study, kindly provide your contact details at the end of the questionnaire.

Risks or Discomforts to the Participant: It is unlikely that you will face any physical,
psychological, or social risks. However, if you feel uncomfortable or have any problems
because of your participation in this study, you may withdraw at any time, without
prejudice.

Explain to the participant the reasons he/she may withdraw from the Study:
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The research may be terminated early in particular circumstances viz. Non-
compliance, iliness, adverse reactions, etc. If you feel uncomfortable or have any
problems due to of your participation in this study, you may feel free to refuse of
withdraw at any time, without any penalty or prejudice. You may provide the research

team with a reason for leaving the study but is not obligatory to do so.

Benefits: Your involvement in this study may not provide you with any immediate
benefits. However, the results of this study may be useful to future students, you, your
organisation, and the business and academic communities. It is also vital to note that
the researcher will receive no benefits other than the satisfaction of doing the research

for academic purposes.

Remuneration: Your participation in this study is entirely voluntary, and you will not
be compensated in any way for your participation in this research

Costs of the Study: You will not incur any costs, nor will you receive any

reimbursements for your participation in this study.

Confidentiality: Participation in this study is strictly confidential, and the questionnaire
does not require you to reveal your identity and the identity of your business.
Completed questionnaires will be electronically stored in a password protected folder.
| will be the only person that has access to this information.

Results: (Explain how the researcher plans to disseminate the results of the research.
Explain if any significant new results developed during the course of the research how

it will be conveyed to the participant).

Research-related Injury: Your participation in this study is entirely voluntary, and you

will not be compensated in any way for your participation in this research.
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Storage of all electronic and hard copies including tape recordings: The data will
be stored electronically in a password-protected folder and will be held for a period of

5 years, then deleted.

Persons to contact in the Event of Any Problems or Queries: (Supervisor and
details) Please contact the researcher Everlane Reddy (0826431848), my supervisor
Prof. R.W.D. Zondo on 031 373 6831 or the Institutional Research Ethics Administrator
on 031 373 2375. Complaints can be reported to the Director: Research and
Postgraduate Support Dr L Linganiso on 031 373 2577 or researchdirector@dut.ac.za.
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APPENDIX C: LETTER OF CONSENT

AA \ ONA ‘érf;fr
e yg}‘gy

Full Title of the Study: Waste management practices among manufacturing
organisations in the iLembe Municipal District in KwaZulu-Natal

Names of Researcher/s: Everlane Reddy
Statement of Agreement to Participate in the Research Study:

0 | hereby confirm that | have been informed by the researcher,

(name of

researcher), about the nature, conduct, benefits and risks of this study - Research
Ethics Clearance

Number: |

N | have also received, read and understood the above written information
(Participant Letter of

Information) regarding the study.

0 | am aware that the results of the study, including personal details regarding my
sex, age, date of birth, initials and diagnosis will be anonymously processed into a
study report.

0 In view of the requirements of research, | agree that the data collected during
this study can be processed in a computerised system by the researcher.

0 | may, at any stage, without prejudice, withdraw my consent and participation
in the study.

0 | have had sufficient opportunity to ask questions and (of my own free will)
declare myself prepared to participate in the study.

0 | understand that significant new results developed during the course of this

research which may
relate to my participation will be made available to me.

Full Name of Participant  Date Time Signature / Right Thumbprint
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I, Everlane Reddy (name of researcher) Herewith confirm that the above participant

has been fully informed about the nature, conduct and risks of the above study.

Everlane Reddy

Full Name of Researcher Date Signature
Full Name of Witness (If applicable) Date Signature
Full Name of Legal Guardian (If applicable) Date Signature
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