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EXECUTIVE SUMMARY

The purpose of this study was to investigate construction and demolition waste management
processes in sub-Saharan Africa and how they affect wetland ecosystems, using South Africa
as a case study. Construction and demolition (CDW) waste has become a massive urban
environmental challenge on a global scale, but more so in developing countries found in sub-
Saharan Africa. In the context of South Africa, construction and demolition waste is not a
waste stream taken seriously by local and national authorities because it is ‘general waste’
that does not pose an immediate threat to the environment. This position is premised on the
idea that construction and demolition waste is generally inert (chemically inactive) and
therefore cannot cause an immediate environmental risk. In this study, it is argued that the
environmental risk of waste goes beyond the embedded chemical constituencies because
some waste streams can cause immediate environmental risk through their physical
properties depending on the location of disposal. It is further argued that although CDW is
generally inert, disposal in wetlands immediately disrupts the way wetland ecosystem’s
function, causing several environmental risks. To mitigate the environmental threats posed
by construction and demolition waste, this study proposes a change in the methodological
approaches and strategies deployed to manage the waste stream, such as by introducing a
hybrid of circular economy and industrial ecology to minimize or eliminate waste

production.

This study involved several data collection and analysis methods. Using a combination of
qualitative and quantitative studies methods, data was collected with the goal to understand
the perceptions of experts on how construction and demolition waste management in South
Africa affects wetland ecosystems and what can be done to effectively manage the waste
stream in the context of a developing country. Data informing this study were collected
through semi-structured interviews and surveys in the province of Gauteng, specifically in
the City of Johannesburg and City of Ekurhuleni Municipalities, where there is massive illegal
dumping in wetlands for various reasons. Furthermore, apart from the use of semi-
structured interviews and surveys, a digital elevation model was generated in ArcGIS Pro

10.1 software to measure the effects of construction and demolition waste on wetlands in
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the study area. The approach to this study using both qualitative and quantitative methods
was crucial because it provided human perceptions which were accurately corroborated by

GIS software.

The study found that construction and demolition waste management in South Africa is
affected by several challenges that lead to massive illegal dumping in critical ecological
ecosystems such as wetlands. In a broad sense, the major challenge to sustainable
construction and demolition waste management in South Africa is institutional failure at
both the local and national levels. Local authorities such as municipalities are characterized
by massive corruption, poor funding, and lack of strategic technologies among other things,
while at the national level, there is massive interference with municipal affairs through
bureaucratic delays in the disbursement of municipal funds. A combination of these and
other factors leads to illegal dumping of construction and demolition waste across the
Gauteng Province, particularly in wetlands in low-income areas. The data informing this
study reveals that dumping construction and demolition waste in wetlands causes an
immediate threat to the existence of wetlands through massive sedimentation with insoluble
materials. It is ultimately found that construction and demolition waste destroy the ability of
wetlands to offer ecosystem services such as flood attenuation, carbon sequestration, water
filtration, and habitat provision, among other functions, leading to environmental events

such as flooding.

A combination of circular economy and industrial ecology can be one of the ways that can be
deployed to effectively and sustainably manage construction and demolition waste in South
Africa. The circular economy and its three principles of ‘reduce’, ‘recycle’, and ‘reuse’ has
been successfully deployed in developed countries in the European Union, where recycling
has topped 70% of the total construction waste generated. Industrial ecology with its analogy
of industrial ecoparks has been deployed in the European Union with immense success, until
more attention was directed to circular economy. With an increase in municipal funding and
introduction of a construction waste information system, a combination of ‘circular
economy’ and ‘industrial ecology’ can significantly help to reduce pressure on wetlands and

the environment at large.
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Even though the methodological improvements suggested above could significantly reduce
pressure on wetlands, the implementation could be faced with institutional challenges.
Therefore, it is argued that urgent institutional transformation is required to make tangible
changes in the field of construction and demolition waste management. It is recommended
that there should be increased law enforcement to curb widespread illegal dumping in South
Africa’s major cities. It is also recommended that, like in Europe, South Africa must introduce
tailor-made legislation of policies for construction and demolition waste alone. Promulgation
of dedicated legislation provides clear direction on how the waste stream is managed and
who is responsible for specific roles. Furthermore, dedicated legislation can be a crucial tool
to deliver sustainable construction and demolition waste management in South Africa
because it can be used to encourage the use of recycled aggregates and limit the amount of
illegal dumping or extraction of materials from the environment. Finally, dedicated
construction and demolition waste legislation can be used to shift from the traditional view
of pollution or contamination through toxicity, and so the value of this study is immediately

apparent.

Key Words: Construction and demolition waste, wetlands, environment, circular economy,

industrial ecology, solid waste management, more-than-human theory.
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CHAPTER ONE

FRAMES OF REFERENCE
1.1. Background to the study

The world is overflowing with waste from the construction sector, which has expanded
rapidly in recent decades (European Commission, 2015; Spisakova et al., 2021; Fitchett &
Rambuwani, 2022). Construction and demolition waste (CDW) is heterogeneous liquid and
solid matter that emerges from the construction, demolition, or renovation of various
components of the built environment such as buildings, roads, pavements, industrial plants,
etc., and through other civil engineering processes (Ponnada & Kameswari, 2015; Diotti et
al, 2020). However, it is imperative to note that CDW is ontologically complex. Its
provenance can also be attributed to natural phenomena such as earthquakes and tsunamis
(Teresa et al., 2020; Coni & Madi, 2021), and other destructive anthropogenic activities like
war (Assche & Gruezmacher, 2023). Examples to illustrate this can be drawn from the 2023
earthquake in Tiirkiye, which led to the simultaneous and instantaneous destruction of over
56,080 buildings across 10 provinces, including high-rise buildings, houses, roads, and
bridges (Support-to-Life, 2023). Similarly, armed conflicts and their destructive tendencies
have contributed immensely to the ruination of Ukrainian cities and towns, generating vast
quantities of demolition waste (UNICEF, 2023; World Health Organization, 2023). Despite
the different sources, CDW routinely comprises elements such as concrete, bricks, tiles,
ceramic wares, wood, glass, plastic materials, asphaltic blends, coal tar, gypsum, and many
other types of matter used in construction (Ponadu & Kameswari, 2015; lacoboaea et al,,

2019).

The heterogeneity of CDW hints at the notion that it presents a variety of negative
environmental effects if it is not handled according to environmental best practices,
especially because of its innate chemical properties (e.g. Global Health and Safety Initiative,
2008; Pacheco-Torgal & Jalali, 2011; Ismail et al, 2023). For example, recent studies
established that potentially toxic elements (PTE) of cementitious material can contaminate
the topsoil and crops over time (Ismail et al., 2023). Similarly, studies by Wahlstrom et al.

(2019) found that polychlorinated biphenyls (PCBs) found in some construction materials
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can linger in the environment for extended periods, and cause among other things, soil, and
water pollution. Contrary to these important findings, several scholars advance the notion
that the bulk of CDW is generally inert (chemically inactive), and therefore it presents little
environmental threat (e.g., Suman, 2020; Wang & Xi, 2020; Peng et al., 2022). This view of
CDW and its materiality emerges from the deployment of conservative methodological
approaches to environmental studies that traditionally measure the environmental
performance of materials through the lens of their inherent chemicals and leachability in
different contexts, such as water or dry earth. Ultimately, this approach has massive
environmental ramifications because many governments and private operators around the
world legally permit disposal of CDW in designated landfills, encouraged by the view that it
poses an insignificant environmental threat (SA National Environmental Management Waste

Act No. 59 of 2008).

In the context of the current global environmental trends, marked by extreme weather
events emanating from anthropogenic waste, the conceptualization of inert CDW as posing
little environmental threat requires further investigation. It is argued that the environmental
performance of waste goes beyond matters of toxicity, how toxins have the propensity to
disrupt bodies, and how they function. There are existing studies, albeit limited and largely
ignored, which attest to this view, where inert CDW disrupted ecosystem functionality (e.g.
Staunton et al., 2015; Ishigaki, 2017). The environmental performance of CDW extends to
properties such as its ubiquity and high volumes. A view of CDW management studies
through the lens of these properties exposes scientific studies to a rather overlooked

paradigm of environmental studies that is critical for conservation and policy formulation.

It is however important to note that, regardless of the nature of existing studies on CDW
across many parts of the world, there is growing consciousness of the potential
environmental catastrophes that can be caused by the waste stream outside of its innate
chemicals. As an example, there is a growing number of policies that encourage closed-loop
systems to avoid or minimize the generation of waste. Examples can be drawn from the
‘Waste Framework Directive 2008/98/EC’ passed by the European Union (European
Commission, 2008), and the ‘EU Construction and Demolition Waste Management Protocol’

which focuses on increasing confidence in recycled aggregates. The promulgation of legal
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instruments to effectively manage CDW is a crucial step towards achieving environmental
sustainability because the waste stream constitutes 82.7% of the annual solid waste from
economic activities in Europe (Eurostat, 2009) or 820 million tons per annum in the same
region (Eurostat, 2017), while it constitutes 30 - 40% of global waste output from
commercial activities. The effectiveness of these instruments is made knowable through the
high rates of recycling in some European Union countries, topping 70% annually (Wahlstréom

etal., 2020).

There is a stark contrast with countries of the Global South, where CDW management
remains a significant urban environmental problem due to a lack of appropriate reaction or
effective policies. Legislations on waste management in this region appear to be generic, and
they lack the rigour required to effectively manage voluminous and often hazardous waste
streams like construction waste. Emerging from this is the inability of urban authorities to
cope with the high volumes of CDW generated by the expanding construction industry. To
demonstrate this, in the context of Southeast Asia, some countries have attempted to recycle
CDW. However, the rate of recycling is as low as 3% in some Chinese regions (Huang et al.,
2018), while it is generally as low as 10% in Southeast Asia (Hoang et al.,, 2020; Wang et al,,
2022). Similarly, only 36% of CDW generated in some West Asian countries like Kuwait is
recycled, whereas the rest is either landfilled or dumped (Almusawi et al., 2022). The same
applies in the context of Southern Africa, where legislation is generic and weak, thereby
scoring limited success, more so because waste producers have a long history of evading
compliance with the law (Godfrey & Nahman, 2010). A good example of this problem can be
drawn from South Africa, where just 11% of the total CDW is recycled per annum, while the
rest is either landfilled or illegally disposed of (DFFE, 2020). This nature of waste
management has far-reaching ramifications, not only on municipal finances but also on
environmental sustainability. Existing studies show that because of weak legislation or
enforcement, countries like South Africa experience illegal dumping on a massive scale on
roadsides, open spaces, isolated places, and largely in wetland ecosystems (e.g. Mangoro &

Kubanza, 2023).
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1.2. Thematic considerations

The world is currently facing massive environmental problems due to poor CDW
management. Developed countries have responded to this problem through formulation of
local and regional policies to encourage environmental sustainability in construction. For
example, the European Union (2008) passed the ‘Waste Framework Directive 2008/98/EC’
and the ‘EU Construction and Demolition Waste Management Protocol,” which focus on
increasing confidence in recycled aggregates. This coordinated response to effectively
manage CDW has led to high levels of recycling in the European Union and other developed
countries (e.g. Wahlstréom et al.,, 2020). However, while developed countries actively respond
to the environmental threats of CDW, developing countries in sub-Saharan Africa (SSA) such

as South Africa have yet to take noticeable action on the same problem.

Waste governance in South Africa continues to be reliant on generic policies that offer very
little to encourage environmental sustainability in sectors such as construction. For example,
the National Environmental Management Waste Act No. 59 of 2008 is used as a guide to
manage CDW. The National Environmental Management Waste Act No. 59 of 2008 classifies
CDW as general waste that does not pose an immediate threat to the environment. The Act
also permits landfilling of CDW and speaks very little about circularity in construction. This
view of CDW presents a number of problems. Firstly, like many other countries in SSA, South
Africa is currently experiencing fast urban expansion, both in terms of human population
and the construction sector. Expansion of the construction sector means that new buildings
are constructed, and old structures are either demolished or altered to cater to human
infrastructural needs and to adapt to the current environmental trends. While the expansion
of the construction sector aids economic growth, it also leads to a massive generation of
CDW, which has the potential to cause environmental deterioration in the absence of strong
institutions and coherent policy. Existing data suggests that the construction sector has
generated approximately five to eight million tons of CDW annually since the early 2000s
(Benjamin, 2004; DEA, 2018). In the absence of circularity in the construction sector, five to
eight million tons of CDW means that landfill space is rapidly consumed, which raises the

need to establish new spaces for disposal. Furthermore, this approximation is likely to be
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inaccurate, because the population of South Africa has expanded in the last two decades,
which entails higher waste generation (Mangoro & Kubanza, 2023). The Department of
Forestry, Fisheries and the Environment acknowledges that CDW data collection is poor and
inaccurate, raising doubts on the validity of reported figures (DEA, 2018). Secondly, the
directive to landfill ‘general waste’ such as CDW without pretreatment causes rapid
consumption of landfill space, and this is a common problem in South Africa (Simelane,
2017). Additionally, due to the weaknesses of the Waste Act and poor law enforcement,
massive illegal dumping of CDW has become common in the major cities of South Africa, and
this manifests through volumes of waste left by roadsides and in open spaces, but mostly in

wetlands located in low-income areas (e.g. Kings, 2013; Bega, 2018; I0L, 2023).

This is a major environmental problem because wetlands are crucial ecosystems that require
collaborative effort for effective conservation and management. Extensive studies have been
done to document the importance of wetlands. For example, several scholars argue that
wetlands reduce flood risk by capturing river currents and their loads, and eventually
release them back into river systems (Mitsch & Gosselink, 2000; Mandishona & Knight,
2022). Other studies suggest that wetlands offer habitat to a wide variety of aquatic
organisms (Mitsch & Gosselink, 2000), while also providing freshwater and nutrient support
(Rebelo et al., 2010). In addition to these important environmental functions, wetlands also
play a crucial role in capturing atmospheric carbon through the process of sequestration
(Kolka et al., 2022). This is a crucial ecological function, especially in the period of increased
carbon dioxide emissions which contribute to climate change. For humanity, wetland
ecosystems also provide several important benefits. Some studies reveal that wetlands are
used for agricultural purposes (Mandishona & Knight, 2022a, b), while others argue that
wetlands provide a space for cultural activities such as worship (Margaryan et al., 2018). In
addition to this, studies have classified South Africa as a ‘water scarce’ region, which means
wetlands are a crucial source for water supply throughout the year. It is obvious from the
functions stated above that wetlands require care, and this stresses the importance of

academic studies on sustainable use, protection, and conservation of these landforms.

On the basis of the above-stated issues, this study was based on three important issues. First,

the study investigated CDW management processes in South Africa. The purpose of this was

5|Page



to generate an inventory of the barriers to sustainable CDW and propose ways for
improvement. Additionally, the study investigated the current methodological approaches
deployed in the management of CDW in South Africa to propose a suitable and sustainable
methodological approach for South Africa. Lastly, this study investigated how CDW affects

how wetlands function.

In view of the above-stated areas of focus, this study was guided by the study questions listed

below:

1. What are the barriers affecting sustainable construction and demolition waste
management in Johannesburg and Ekurhuleni, South Africa?

2. What are the effects of construction and demolition waste on wetland functionality in
Johannesburg and Ekurhuleni, South Africa?

3. In what way can construction and demolition waste management be done in a
sustainable way in South Africa?

4. In what ways can demolishers and constructors collaborate to sustainably manage

demolition waste?

1.3. Studies aim and objectives

The aim of this study was to examine construction and demolition waste management
processes in sub-Saharan Africa with a specific focus on South Africa. The specific objective
of this study was to investigate and comprehend the barriers to sustainable construction and
demolition waste management in South Africa, and the effects of the waste stream on
wetland ecosystems. The study was anchored on the assumption that, despite the abundance
of literature suggesting that construction and demolition is not a significant environmental
threat, it depends on where it is located. Against this background, the specific objectives of

this study are listed below:

[.  To create an inventory of the challenges affecting the management of demolition
waste and their attunement to the management of wetlands in South Africa.
II. Toinvestigate the environmental performance of construction and demolition waste

in the context of wetlands.
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[II. Topropose asuitable methodological approach to construction and demolition waste
management in sub-Saharan Africa, using South Africa as a case study.
IV. To propose ways in which relevant stakeholders can collaborate to effectively

manage construction and demolition waste.

1.4. Theoretical considerations and literature review

Geographers, environmental scientists, and cognate field researchers have a long history of
studying material culture and how material interacts with the environment. In this
disciplinary tradition, 21st-century researchers from these disciplines turned their attention
to CDW management issues, particularly in developing countries where most theoretical
discourses emerge. The emergence of studies interest in this scholarly discourse emanated
from the growing volumes of CDW and its perceived effects on the environment (Elshaboury
et al,, 2022). A critical synthesis of this literature revealed two major ways of doing studies
in this study area. The first school of thought investigates the effects of the extraction of
construction materials from the environment on different components of nature (Ampofo-
Anti, 2009; Mehra et al., 2021). Among the common findings of this study is that the
extraction of construction materials leads to the depletion of natural resources and an
increase in carbon dioxide emissions in the affected area (Mehra et al., 2021). Depletion of
natural resources is a major environmental problem because the earth’s materials are finite,
therefore continued extraction presents major sustainability problems. In relation to this,
studies have found that continued extraction of materials from the environment destroys
habitats (Bewiadzi et al., 2019). Destruction of habitat leads to loss of life or displacement of
organisms, which ultimately has negative effects on environmental equilibrium (e.g. Chu &
Karr, 2019). While environmental rehabilitation is encouraged in the aftermath of materials

extraction, it is important to note that massive earthworks cause permanent damage.

In addition to the above, the second school of thought investigates the environmental
impacts of hazardous CDW (e.g. Muigai et al, 2013; Ametepey & Ansah, 2015; Staunton et al.,
2015). Examples of hazardous CDW include asbestos, oils, and plasterboard among others
(Kazan-Allen, 2019; Tokpah, 2023). This category of CDW is persistent, and it lingers in the

environment for extended periods, causing continuous damage until remediation is
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conducted. Depending on the location of disposal, toxic CDW can cause water, air, and soil
pollution (Staunton et al., 2015; Wahlstrom et al., 2019; Tokpah, 2023). For example, a study
found that toxic CDW can affect marine organisms through the process of bioaccumulation
(e.g. Staunton et al., 2015). Bioaccumulation involves the migration of toxins or toxicants
from material culture into living bodies over time (DeBlonde & Hartemann, 2013). Another
study found that toxic CDW such as asbestos can permeate the soil through abrasion, and
pollute underground water (Emmanuel et al, 2014; Tokpah, 2023). It is therefore not difficult

to comprehend why there is recent increased attention on hazardous CDW in academia.

[t is important to note that the studies traditions discussed above bears precedence in the
field of chemistry or related fields (e.g. Balayannis, 2018). In such fields, the environmental
performance of materials is framed through the lens of the embedded toxins and how the
associated chemicals affect entities such as water, soil, various animal and plant species,
humans, soil, and climate (e.g. Emmanuel et al, 2014). While this study's focus contributes to
the scientific understanding of hazardous waste, it trivializes the complexity of CDW and its
potential to affect the environment. Following the tradition of eco-toxicological studies,
scholars typically categorize CDW into ‘inert’ and ‘non inert’ classes, where the latter
category is treated with significant caution because of its associated chemicals. On the other
hand, the lack of active chemicals associated with inert waste is perceived to be less of a
threat to the environment, and therefore it is treated as ‘general waste’ that can be landfilled
without pretreatment (e.g. SA National Environmental Management Waste Act No. 59 of
2008). This conceptualization of CDW has massive environmental ramifications because it

informs waste policy around the world.

Although there is a general academic consensus that the bulk of CDW presents a limited
environmental threat, there is growing consciousness among researchers that this view can
be challenged. For example, some scholars have deviated from the conceptualization of CDW
through the lens of toxicity and argue that CDW is dangerous to the environment through
the rapid consumption of landfill space (Simelane, 2017; Siddiqua et al., 2022). Other studies
summarize that general CDW generates visually unattractive surroundings and causes the
loss of valuable land (Almorza & Brebbia, 2000). Furthermore, a coterie of scholars notes

that CDW generates dust that pollutes the atmosphere and disrupts the radiative capacity of
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the earth, changing rainfall trends among other things (Rohracher, 2001; Darkwah et al,,
2018; Kaluarachchi et al., 2021; Mehra et al., 2022). While these are interesting and useful
findings, a close examination of this body of literature suggests that these environmental
risks are less often the main subject of studies, but only peripherally mentioned issues (e.g.,
Fitchett, 2017). With this observation, it becomes clear that much research is required to
fully comprehend the environmental performance of CDW, especially in developing
countries like South Africa, where waste management studies are generally in the
developmental stages when compared to developed countries such as the United States of

America, Germany, France, and Great Britain.

Despite the emerging realization that both inert and non-inert CDW can negatively affect the
environment as illustrated above, more research is required in developing countries such as
those in SSA. Future studies must investigate how CDW can affect different environmental
ecosystems, and this is important because different ecosystems can be affected by waste in
different ways. For example, as this study will demonstrate in the following chapters, even
though inert CDW does not leach toxic nutrients, it can negatively affect crucial ecosystems

like wetlands through its physical characteristics such as volume and weight.

As the main subject of this study, it is imperative to note that the ability of wetlands to
function normally is strongly dependent on the availability of all required conditions such as
the absence of foreign solid matter. But what are wetlands? By definition, wetlands are
“..areas of marsh, fen, peatland or water, whether natural or artificial, permanent or
temporary, with water that is static or flowing, fresh, brackish, or salt, including areas of
marine water the depth of which atlow tide does not exceed six meters” (Ramsar Convention
Secretariat, 2016: 3). Wetlands are also defined as landforms taking up the form of swamps,
bogs, fens, marshes, and wet grasslands (Staunton et al, 2014). A critical analysis of these
definitions shows that the main features of wetlands include water and a drainage basin.
This means that for optimum functionality, wetlands are dependent on the absence of
materials that can disrupt this natural setup. In addition to this, although the above-stated
definition may be slightly different in different studies, there is a consensus regarding their

ecological functions and contributions.
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Wetlands are linked with the function of attenuating floods, and this is achieved through
wetland vegetation and peat (e.g. Gisselman, 2015). Wetlands also provide habitat for
various aquatic species (Kumar & Kanaujia, 2014). Furthermore, wetland ecosystems are
associated with the function of capturing carbon through the associated vegetation, and this
is a significantly important function in a period of changing global climate. In addition to
these critical functions, wetlands provide both humans and wildlife with water (Mandishona
& Knight, 20223, b). Furthermore, wetlands have cultural functions for humans where they
can be used for agriculture or religious purposes, among others (e.g., Mandishona & Knight,

2022a, b).

Regardless of this highly studied and documented significance of wetland ecosystems, there
is increased illegal dumping of CDW in these water bodies across South Africa, especially in
low-income areas like informal settlements (Fitchett, 2017; Mangoro & Kubanza, 2023).
What is particularly concerning, according to the literature, is that South African local
government institutions lack the finances, human resources, and administrative capacity to
respond to rapidly growing environmental problems (see Godfrey et al.,, 2013; Kubanza et
al, 2021). Among the major issues with South African municipalities is alleged corruption
and lack of skills to manage municipal affairs (Godfrey et al., 2013). Furthermore, due to
nepotism or fraudulent recruitment processes, many officials in municipalities lack the
competence required to effectively deliver their mandate (Laubscher, 2012). When viewed
in the context of urban wetlands and CDW management in South Africa, it is not an

exaggeration to argue that the threat of massive wetland loss will continue to grow.
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1.5. Justification and significance of the study

Solid waste management (SWM) studies in South Africa started to gain attention
immediately after the end of apartheid in 1994 when service delivery problems started to
emerge. A bibliometric analysis of SWM studies in South Africa conducted by Ndou &
Rampedi (2022) corroborates this view. These scholars argue that SWM studies in South
Africa emerged around 1996 with only a few studies articles published per year, and this
trend appears to have continued to date (see Ndou & Rampedi, 2022). Much of the studies,
as Ndou & Rampedi’s (2022) study revealed, focused on municipal solid waste management.
An analysis of this literature showed that many of the studies is generally narrow in scope
because they focus on only a few aspects of SWM. Among other major issues addressed in
this study are investigations into barriers affecting SWM studies in South Africa and ways to
improve the situation (e.g., Godfrey, 2013; Strydom, 2018; Nyika et al., 2019; Debrah et al,,
2022). Further analysis of this body of literature suggested that much of it was motivated by
ubiquitous cases of environmental crimes such as illegal dumping and poor waste collection

across the major cities of South Africa.

Apart from the body of literature investigating barriers to effective SWM in South Africa,
other scholars shifted their attention to issues of inclusive governance, where community
participation emerged as a major theme (e.g. Boswell, 1997; Mazinyo, 2009; Kubanza, 2021;
Kubanza et al,, 2021). A deeper analysis of this scholarship indicates a close relationship to
studies on the barriers to effective SWM in South Africa, further illustrating the lack of
diversity in existing knowledge. Regardless of this situation, a coterie of scholars focused on
the pressing issue of the environmental performance of municipal solid waste and proposed
measures for the improvement of governance (e.g. Fitchett, 2017; Haywood et al.,, 2021;
Mangoro & Kubanza, 2023; Ngalo & Thondhlana, 2023). Although this study was conducted
by a few scholars, it revealed a crucial avenue of SWM studies in South Africa. However,
together with the body of knowledge discussed so far, studies into waste in South Africa
generally remains confined to the limits of common municipal solid waste generated in
households. Studies attention on municipal solid waste largely produced by households

leaves a significant study gap as far as other waste streams are concerned. This is major
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deficit in SWM studies in South Africa, especially with the rapid growth in the quantities of
CDW in recent decades. This approach to waste management studies leaves significant gaps
in the SWM studies discourse at large. This view is aided by the observation that many of the
studies on SWM focus on terrestrial environments and peripherally refer to freshwater
ecosystems such as rivers and wetlands. This study narrowed this gap by investigating the
impacts of CDW on wetland ecosystems in the City of Johannesburg and the City of
Ekurhuleni. It is however important to note that while studies on CDW is generally limited,
attempts have been made in the recent decade. This study however is significantly limited in
scope because it largely focuses on ecotoxicological analyses of construction materials and
the methods deployed in managing the waste stream, while advancing generalisations that

inert CDW poses a limited threat to the environment.

Among the issues most noticeable in existing CDW studies is attention to circularity in
construction (e.g. Bester etal.,, 2017), and the methods used to quantify waste in construction
(e.g. Berge & von Blottnitz, 2022). Yet, although studies by Bester et al (2017) investigated
the adoption of closed loop systems in the South African construction sector to eliminate
waste, as encouraged globally, the study was too narrow, and it produced negative results.
In this study, Bester et al (2017) investigated the properties of concrete made using recycled
aggregates and found that a considerable amount of strength was lost. While this study
provided important scientific insights to players in the construction sector, it focused only
on a small component of circularity and overlooked salient issues such as the need for
circular methodologies that suit the needs of a developing country like South Africa. The
same applies to studies by van Wyk (2014) and Sibanda (2017), where the scholars
generically emphasized the need to adopt the ‘waste management hierarchy’ and reduce
waste without providing context-specific ways of achieving this. The concept of ‘waste
management hierarchy’ or circular economy is highly encouraged on the international stage,
but it is critical to note that a one-size-fits-all approach is ineffective, particularly when
technological and economic disparities between developed and developing countries are
considered. Against this background, SWM in South Africa, and particularly CDW, remains
largely understudied despite the environmental risks potentially caused by the waste

stream.
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While these studies are important, the lack of attention on the environmental performance
of inert CDW can no longer be ignored. In addition to this, it is no longer a tenable approach
to ignore the performance of inert CDW in aquatic environments where much of the dumping
is occurring across South Africa, especially in the case study areas. In this perspective, this
study investigated the environmental performance of CDW in the context of wetland
ecosystems, because there is an increased onslaught of illegal dumping in these spaces (e.g.
Mangoro & Kubanza, 2023). It is important to note that wetlands have risen in
environmental significance in the period of anthropogenically-induced climate change and
other disasters. For example, the role played by wetlands in flood attenuation, carbon
sequestration, habitat supply, and water storage among others is well documented (e.g.
Ehrenfeld, 2000; Mitsch & Gosselink, 2000; Lolu et al, 2018; Rangecroft et al., 2021;
Mandishona & Knight, 2022). Studies that focus on the effects of CDW on how wetlands
function are particularly crucial considering the above, and yet no academic study of this

nature has been conducted in South Africa, and the SSA region at large.

Another avenue of studies that has been largely ignored to date is the development of
sustainable CDW management methods in the context of developing countries like South
Africa. Development of such methods and approaches to CDW management rises in
significance when the illegal dumping onslaught on wetlands continues to rise in recent
years, especially in the low-income areas of South Africa. Although sustainable CDW methods
already exist on a global scale, the application of these methods in the context of developing
countries requires some attunement due to technological and economic disparities between
developed and developing countries. Against this background, there is a tremendous need
for studies in South Africa that aims to generate financially and technologically sustainable

methodological approaches to CDW management.

The findings of this study present opportunities to various stakeholders such as urban
planners, local communities, and environmental NGOs to improve CDW management
strategies in Johannesburg and Ekurhuleni. This is crucial because sustainable CDW
management in the two cities enhances the preservation and conservation of wetlands and
associated species such as the giant bullfrogs found in Diepsloot wetlands (e.g., Mangoro &

Kubanza, 2023). Ultimately, the findings of this study present a model of sustainable CDW
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management in South Africa and other developing countries at large. This is critical
especially because most developing countries around the world face similar problems with

CDW management.

1.6. Methodological approach.

This study was co-inspired by the interpretivist studies epistemology and the ‘more-than-
human’ philosophical approach. Interpretivism foregrounds that reality of things is a social
construction and it is understood subjectively based on prior experiences (Orlikowski &
Baroudi, 1991; Walsham, 2006). A view of the world through the lens of interpretivism best
suited this study, because it is grounded in multiple epistemic communities comprising
actors from different backgrounds, and whose conception of the reality of the ‘world of
waste’ and its intersection with the physical environment as a human frontier differed. For
the scholar, an interpretivist epistemology requires that the researcher interprets data using
their own reasoning (Myers, 2008). Interpretation of data using an interpretivist approach
means that the researcher makes sense of the data based on their conception of the world
based on their prior experiences, and not necessarily through the view of study participants.
To reduce the possibility of this, the researcher consciously remained focused on the views

of the participants even when they contradicted their prior views.

Working additionally through the lens of the more-than-human philosophy, this thesis went
beyond the view of humanity as the only moral actors on planet Earth (post-humanism) (e.g.
Balayannis, 2018). More-than-human philosophies foreground that the world is co-
inhabited by both human and non-human actors, which are all equally significant and replete
with agency (de Souza, 2021). A more-than-human philosophy is grounded in an ethics of
care, which posits that moral care must be extended to actors or things that are distinct from
humanity (Haraway, 2003). As applied in this thesis, a more-than-human philosophy made
it possible to interrogate why the CDW is illegally dumped into wetlands to provide illicit
human profits through environmental crime. It is held in this study that wetland ecosystems
are equally important as humanity and aquatic organisms and that through illegal dumping,
wetlands have agencies that can affect humanity and fauna negatively (floods, loss of water,

loss of habitat, etc.).
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The study strategy deployed in this thesis was qualitative, where the perspectives of
epistemic communities on CDW management processes and their effects on wetlands were
investigated through questionnaires and interviews in a multi-site ethnography. An
interpretivist research epistemology was best for this qualitative study, because it allowed
the investigator to understand the different perspectives of experts based on their various
professional or institutional backgrounds. In interpretivism, study participants draw on
their background or prior experiences to understand the world (Walsham, 2006). This was
considered crucial for this study because different notions of CDW management in South
Africa and how wetlands are affected by waste is crucial for the formulation of new ways to
achieve environmental sustainability. Crucially, a qualitative design works well in an
interpretivist research epistemology where non-numerical data like participant feelings and
judgements of a given phenomenon can be gathered and analysed (see Walliman, 2011). The
adoption of an interpretivist research epistemology was further encouraged by the
investigator’s prior knowledge of the study area through the work on solid waste
management (e.g. Mangoro & Kubanza, 2023). In addition, several relationships with
officials from different environmental organizations and activists in the area had been
developed over a few years. Therefore, perspectives gathered during this period were crucial

in the investigator’s conception of the study area and the study problem.

In any qualitative study, it is crucial to recruit the maximum number of respondents from a
given area e.g. the whole of South Africa. A study of such a scope provides data or
perspectives that are highly representative of the given population. However, due to
problems with limited time and finances, this was impossible to carry out. For this reason,
the study sites were limited to low-income areas of Diepsloot and Tembisa located in the City
of Johannesburg and the City of Ekurhuleni Municipalities in the Gauteng Province. Some
wetlands in these locations are highly targeted for illegal dumping of CDW, making it a
suitable study site. Furthermore, the area is characterized by a multiplicity of epistemic
communities suitable for this study (Figure 1.1). The study was based on the perspectives of
45 experts recruited from various epistemic communities in the City of Johannesburg and

City of Ekurhuleni. Although the study would have benefitted from more participants, 45
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experts were considered sufficient because the research is based upon a hybrid methodology

comprising expert interviews and GIS/Remote Sensing techniques.

Study Map of the Diepsloot and Tembisa townships of

the Gauteng Region
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Figure 1.1 Map showing the general study area

Source of Map: Researcher, 2023.

1.7. Studies design

a. Description of the study areas

This study was based on a multi-sited ethnography involving two low-income areas of
Diepsloot (25.9396°S, 28.0128°E) and Tembisa (26.0093°S, 28.2181°E) in the Gauteng
Province of South Africa. The two settlements are geographically located in the Johannesburg
Metropolitan Municipality and the Ekurhuleni Metropolitan Municipality respectively
(Figure 1.1). The two study areas were built according to the apartheid urban settlement
planning style, which sought to segregate Black African communities from White settlers
during the colonial period (Benit-Gbaffou, 2002; Benit-Gbaffou et al., 2013). Both the study

sites are characterized by formal and informal housing units that are densely clustered.
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However, it is important to note that the informal settlements developed largely in the last
twenty years due to population growth and shortage of housing in democratic South Africa

(e.g., Mangoro & Kubanza, 2023).

As illustrated in Figure 1.1, both study sites are in a landscape that is replete with streams
adjoining the Jukskei and Kaalspruit Rivers catchment system. Recent water quality studies
on the two permanent rivers reveal massive contamination emerging from agricultural and
mining effluent (e.g. Hoorzook et al., 2021; Morole et al.,, 2022). Although these studies
provide critical information on pollution and water quality associated with the two rivers in
recent years, there is general silence on the quality of wetlands associated with these river

systems.

Therefore, the choice to study wetlands associated with the Jukskei and Kaalspruit Rivers in
Diepsloot and Tembisa was influenced by the general lack of academic interest in these
throttled ecosystems despite their critical role of filtering the heavily polluted currents due
to incessant deposits from mining, agricultural activities and sewage spillage. Furthermore,
the decision to investigate the functionality of wetlands connected to the Jukskei and
Kaalspruit River system was informed by the abundance of solid waste (CDW), rather than
effluent which captured the attention of eco-toxicological studies in the area (Hoorzook et
al., 2021; Morole et al., 2022). Furthermore, the wetlands investigated in this study are some
of the largest and most ecologically important in the northern areas of metropolitan
Johannesburg and Ekurhuleni. For example, some studies reveal that the wetlands along the
Jukskei and Kaalspruit rivers form a habitat for the near-endangered giant bullfrog species
or Pyxcephalus adspersus (e.g. Yetman & Ferguson, 2011; Mangoro & Kubanza, 2023),
whereas their riparian zones are associated with the Grass owl or Tyto capensis
(Envirolution Consulting, 2018). These factors made the study area and sites crucial for this

multi-site ethnography.
b. Study population and sampling procedure

For this qualitative study to be conducted, several study participants were required for data
collection. To recruit the participants, a sampling criterion was required to determine the

best-suited organizations or individuals to participate in the study. Sampling is a crucial
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recruitment criterion in a study because it eliminates the need to recruit all possible
participants to get the best-informed datasets (e.g. Omrod, 2005). Thus, sampling saves time
and resources while achieving effective study outcomes. However, it is important to note
that there are several types of sampling, and that each sampling method is fit for a particular
studies question (Dawson, 2013). It is on this basis that judgement or purposive sampling
(non-probabilistic) was deployed. Purposive sampling is defined as deliberate selection of
studies participants based on their qualities and how they can best suit a given study (e.g.
Etikan et al., 2016). The purposive sampling strategy was best for this study because it
allowed the researcher to first investigate the mandate or scope of epistemic communities,
and recruit participants based on their institutional roles and how these roles had a bearing

on the current studies (see Etikan et al, 2016).

To acquire data for this study, participants were recruited only from epistemic communities
or expert organizations, and not local communities. This choice was informed by the fact that
the study required expert opinions on how wetlands function, and what the effect of CDW
was on the way wetland ecosystems function. Although local communities might have had
general knowledge about wetlands, this study was more interested in expert opinions and
not general community perceptions. Based on this, participants were recruited from several
epistemic communities including construction companies, environmental non-
governmental organisations, the City of Johannesburg Municipality, the Department of
Forestry, Fisheries and the Environment (DFFE), and the Gauteng Department of
Agriculture, Rural Development and Environment (GDARD). Participants from these
organizations were deemed to have sufficient knowledge on the issues under investigation

and were selected based on purposive sampling, as stated above.

First, one or two participants were purposively recruited from each organization to establish
a starting point for the selection process. Once this was completed, the snowball sampling
strategy was introduced to recruit other suitable experts in line with the goals of the study
as outlined in the earlier sections of this chapter. Snowball sampling is a method used to
recruit participants who are not easily accessible to the investigator for different reasons
(Naderifar et al., 2017). For this study, some participants were not easily accessible because

they were not listed on company websites, and only officials from the selected epistemic
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organizations could have assisted in identifying them. Once the snowball sampling strategy
was deployed, a total of 45 experts were recruited for this study from the organizations listed

above.

Data collection from the selected participants was achieved using telephonic semi-
structured interviews and face-to-face interviews. These data collection strategies were
informed by several reasons. First, some participants were not in South Africa at the time of
data collection and could therefore only be interviewed virtually. Second, due to the COVID-
19 pandemic and the national lockdown rules at particular times, other participants were
also interviewed through virtual means. Third, some participants preferred questionnaires
rather than interviews or face-to-face conversations because they did not have much time
during business hours. Due to varying times of availability, the data collection period lasted
from March 2022 to June 2023. All the study participants worked for organizations in
Gauteng.

1.8. Ethical Considerations

Every study carried out must produce valid and reliable data following academic or
professional best practices (Clough & Nutbrown, 2002; Merriam & Tisdell, 2016). It is argued
that for studies to contribute to the development of a field, they must be done in a rigorous
manner, must present data that suggest truth, and protect studies participants (Merriam &
Tisdell, 2016). Therefore, ethical practice was a matter of professional responsibility for the
researcher. To achieve ethical competence, the researcher attended an ethics studies
workshop organized by the University of the Witwatersrand Non-Medical Ethics Committee.
In this workshop, attendees were educated on how to conduct ethical studies, and their
competence was tested through several assignment questions. The researcher was able to
adequately respond to the assignment questions, and a certificate was issued as a declaration

of competence (ethics clearance or protocol number - H22/07/19).

Once the ethics training process was completed and the competence certificate was issued,
the data collection process commenced. This process began with sending out invitations,
participant information sheets, and consent forms in order to adhere to ethical practices

associated with participatory studies. Participant information sheets described the purpose
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of this study while consent forms sought permission on how to use the collected data. Both
documents required signatures as a proof that all participants were willing to be involved in
the study (see Robson, 1993; Clough & Nutbrown, 2002). In addition to this, aspects of
anonymity and confidentiality were also explained to the participants thoroughly in order to

impart a sense of security in them.

Several other ethical issues such as anonymity and confidentiality are of ethical significance
(Merriam & Tisdell, 2016). With regards to anonymity and confidentiality, data collected
from participants will be stored in a password-secured internet cloud. In addition, hardcopy
transcripts will be stored in a lockable cabinet in the Wits University PhD Geography

laboratory for a period of two years.

1.9. Structure of the thesis

This thesis was compiled by way of publication. It consists of three journal articles, each
representing the chapters of a traditional thesis by monograph. Chapter 1 presents the
study's conceptualization where the study focus was conceived. It comprises the background
to the study, research questions, aims, and objectives of the thesis. Additionally, Chapter one
also presents the research methodology and structure of the study. This is followed by
Chapter 2. This is based on a published journal article which investigated the barriers to
sustainable construction and demolition (CDW) management in sub-Saharan Africa, with a
special focus on South Africa. Chapter 3 follows the above, and it was also based on a
published journal article that focused on the environmental impacts of CDW on wetlands
using Diepsloot and Tembisa low-income suburbs in Johannesburg and Ekurhuleni. This
was subsequently succeeded by Chapter 4, which was also based on a journal article. This
article focused on the current methodological approaches to CDW management across the
world with a focus on South Africa. The article proposes an appropriate method for
sustainable CDW management in the context of South Africa. Chapter 5 presents a general
discussion of the findings of the entire study. Finally, Chapter 6 provides a summary and
conclusion to the study. It provides an overview of the study and recommendations for
future studies in CDW management in the context of South Africa and other developing

countries in SSA.
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CHAPTER TWO

THEORETICAL CONSIDERATIONS AND LITERATURE REVIEW

Overview of the chapter

This chapter is composed of a peer-reviewed publication that focuses on theoretical
considerations and a literature review on construction and demolition waste (CDW)
management. The spatial focus of this chapter is the entire world, to provide a
comprehensive understanding of CDW processes and challenges. The significance of this
chapter is to provide an overview of the theoretical debates on CDW management and

understand the associated viability concerns.

This chapter notes the increased studies attention on CDW management processes in the
recent decade, where the theme of urban environmental sustainability appears to be central.
Among the major arguments emerging from this literature is that CDW has become a major
urban environmental problem which is motivated by several causes, especially in the context
of developing countries. It is argued that CDW comes in packages and volumes that require
massive financial investment for effective and sustainable management (e.g. Napier, 2016;
[llankoon & Lu, 2019; Fitchett & Rambuwani, 2022). In this study, it is argued that CDW
management will continue to be major urban environmental problem for city managers,
particularly in developing countries such as in sub-Saharan Africa (SSA) where the human

population is predicted to rapidly increase in the next few decades.

The published journal article in this chapter comprehensively discusses the barriers to
effective and sustainable CDW management across the world. In the first section of the
literature review, the article engages with scholarly debates on the barriers to CDW
management from developed and developing countries outside of SSA such as in Europe,
America, and Asia, among other continents. In this section, it is found that the barriers to
CDW are largely similar, although developed countries appear to have the capital and
technologies required to reduce the environmental burden associated with waste. This

contrasts with developing countries, where living standards are significantly lower. This
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draws attention to issues of human subsistence rather than environmental affairs such as

CDW management.

This section is followed by a synthesis of the literature on CDW management barriers in SSA
countries. In this context, it is found that countries in SSA also face homogenous CDW
management challenges such as institutional, technological, and legal problems. However,
barriers to CDW management in SSA appear to be more accentuated in South Africa where

there is rapid expansion of the construction sector and massive production of waste.

To address these problems, this chapter suggests several solutions, including the adoption
of deconstruction where demolition is done systematically. This approach to demolition
makes it possible to salvage reusable material and minimize the production of waste. It is
also argued that universities can be incorporated into CDW through introduction of courses
in sustainable waste management strategies in construction. This is an important
recommendation because there is a scarcity of knowledge on sustainable CDW management
in South Africa and the rest of the region. Finally, this chapter also recommends the
establishment of an online-based CDW management platform where information exchange
is central. The formation of this platform is crucial in the exchange of waste materials that
can be used in other construction projects and to minimize the environmental impacts of

CDW.
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Paper No. 1

An Assessment of Literature on Construction and Demolition Waste Management
Barriers in Sub-Saharan Africa: Lessons and Implications for Sustainability in South
Africal.

ABSTRACT

This paper discusses the challenges associated with the management of construction and
demolition waste and its implications on environmental wellbeing and sustainability. Using
existing and anecdotal literature, evidence suggests an increase in the demand for
infrastructure for domestic and commercial purposes, and this in turn is exerting massive
pressure on the construction industry to absorb and meet increased levels of demand. This
development has however, been accompanied by the generation of excessive quantities of
waste, making it extremely difficult for urban managers in Sub-Saharan African cities to
manage construction and demolition waste effectively and comprehensively, a major
challenge being that this type of waste exists in forms that require extensive injection of
resources for systematic separation far beyond the budgetary positions of many of these
cities. In view of this, this paper is an attempt to systematically review and synthesize
existing knowledge with a view of creating an inventory of the challenges associated to
construction and demolition waste management and suggest possible solutions and
approaches for transforming this waste into a resource.

Keywords: construction and demolition waste, urban managers, sustainability, barriers,
environment, circularity, challenges.

! This chapter has been published in its current form: Mangoro, N., Kubanza, N.S. & Simatele,
M.D. (2023). An Assessment of Literature on Construction and Demolition Waste Management
Barriers in Sub-Saharan Africa: Lessons and Implications for Sustainability in South Africa.
International Journal of Environment and Waste Management,
http://dx.doi.org/10.1504/IJEWM.2023.10060718
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2.1. Introduction

Construction and demolition waste (CDW) has increasingly become a massive challenge for
urban managers across the world. Global population growth and increased industrial
production in recent decades have ushered the world into a new age where the significance
of the built environment has increased, causing a rapid rise in the generation of CDW
(Mahayuddin et al., 2008; Dangi et al., 2017; Al-Otaibi et al., 2022; Debrah et al.,, 2022). Over
the last decade, several scholars reached a consensus that CDW makes up 30-40% of the
global waste output annually, putting construction among the highest waste-producing
industrial sectors in the world (Zhao et al.,, 2010; Akhtar & Sarmah, 2018). Even though the
growth of the construction sector can be a sign of prosperity, increased CDW production has
become a significant urban environmental burden in both developed and developing
countries (Ali et al,, 2019; Al-Otaibi et al., 2022). To illustrate this, scholars argue that CDW
can pollute riverine ecosystems such as wetlands or disrupt bodies of riverine species
through its embedded chemical constituencies by gradual bioaccumulation (Staunton et al.,
2014). Other investigators argue that CDW can generally pollute the atmosphere through
fugitive dust from construction or demolition sites, or cause massive soil pollution (Mehra
et al., 2022; Kaluarachchi et al., 2021). In response to the growing urban environmental
challenges from CDW, developed countries have made tremendous strides to transform
waste management laws, and to advance associated technologies (e.g. Gohlke & Martin,
2007; European Commission, 2008). Yet, despite these improvements, developed countries
continue to face urban environmental challenges, and some investigators have attributed
this to the model of governance associated with some economically successful countries. It
is common among developed countries to follow a federal system of governance where
individual states or provinces have significant legislative power and overall authority in
these jurisdictions (Hyder Consulting, 2011; Gamper, 2019). A federal system of government
translates to multiple pieces of legislation or regulations that affect CDW management in
each country. The major issue with this situation is that it makes it very challenging to effect
national or international waste management or environmental commitments (Hyder
Consulting, 2011; Gamper, 2019). In addition to this, the construction sector in developed

countries is faced with an endemic culture of resistance to cutting-edge waste management
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models such as the circular economy (CE), which advances the concepts of reduction,
recycling, or reuse of waste materials (Kirchherr et al., 2017; Mawed et al.,, 2020). For
example, in the United Arab Emirates (UAE), Italy, and Australia, construction companies
remain doubtful of the quality of recycled aggregates and therefore prefer virgin materials
(Park & Tucker, 2016; Mawed et al., 2020; Carcel-Carrasco et al., 2021). Further to the above,
construction personnel in developed countries have limited knowledge of the significance of
sustainable CDW management because the workers lack basic training in this regard, causing
significant waste production at construction or demolition sites (Yuan & Shen, 2011).
Scholarly studies have established that a lack of training in waste management leads to the
generation of at least a third of CDW produced in developed countries such as New Zealand,
China, and the UK (Low et al., 2020). Other scholars argue that the lack of training in waste
management in the construction sector results in poor architectural designs where
personnel is bounded by saving time rather than preserving the environment (see Dainty &

Brooke, 2004; Yuan & Shen, 2011; Low et al., 2020).

The environment, urban managers, and societies in developing countries outside of sub-
Saharan Africa (SSA) have also long been affected by the rising quantities of CDW. The
problems affecting CDW management in developing countries include poor record keeping
of the quantities of waste generated or disposed of in landfills or other locations
(Mahayuddin et al, 2008). This problem arises from the lack of organization and
commitment to environmental issues, because companies are mostly concerned with profits
and saving time during the construction process (Mahayuddin et al., 2008). Additionally,
some investigators argue that developing countries also face the problem of weak legislation
governing the handling of CDW (Mahayuddin et al., 2008). These investigators argue that
CDW is regarded as general waste that poses little threat to the environment, in contrast to
municipal waste which is governed by stronger and stricter legislation (Mahayuddin et al.,
2008). Other studies argue that CDW management is characterized by poor law enforcement
(Lu & Tam, 2013). These scholars are of the view that weak law enforcement arises from a
lack of manpower and trained law enforcement officials (Lu & Tam, 2013). A lack of
investment in manpower means that only a small number of personnel is responsible for law

enforcement over vast expanses of territory, causing a lack of efficiency which ultimately
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promotes illegal CDW handling activities such as dumping. Poor law enforcement
encourages illegal dumping especially because developing countries have a chronic problem

of landfill space shortage.

It is important to note that CDW management barriers are also common in SSA. Yet, while
some barriers appear to be like those in developed and developing countries, it is important
to note that in the SSA perspective, some small yet important disparities make the problems
much worse in the region. To illustrate this, just like in many countries outside of the region,
SSA is plagued by weak waste laws that make it problematic to achieve sustainability in CDW
management (Agamuthu, 2008). However, while many countries outside of the region such
as Algeria (North Africa) and countries in Europe and Asia (e.g. Germany and Japan,
respectively), have responded through the promulgation of legislation specific to CDW, SSA
continues to adopt generic waste laws that classify the waste stream as general waste e.g.
the South African Waste Act of 2008. This is a significant barrier to sustainable CDW
management because construction firms have very little environmental obligation, such as

adherence to the demands of the circular economy (Agamuthu, 2008).

The significance of tailor-made laws or regulations for CDW is demonstrated by the stance
taken by countries in the European Union. Here, such laws have helped to encourage
adoption of the circular economy, and in general, mandatory environmentally friendly
behaviour from construction firms (Agamuthu, 2008; European Commission, 2008; Nelles et
al., 2016). The challenge of weak laws is accompanied by a lack of capacity to effectively
manage waste by both construction firms and local governments. Municipalities in SSA suffer
from chronic underfunding (Kubanza & Simatele, 2015) whereas construction firms claim to
have limited funds for activities outside of construction (e.g. Koma, 2010; Oyenuga &

Bhamidiarri, 2015).

This appears to be a legitimate reason because CDW requires costly machinery for recycling,
which deters willing participants from adopting circular economy principles (Oyenuga &
Bhamidiarri, 2015). However, financial problems facing municipalities in SSA arise from
bureaucratic challenges such as disbursement delays from the national governments rather

than lack of funds (Worrall et al., 2017). In view of the problems briefly mentioned in this
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section, this paper focuses on a critical review of existing literature on barriers affecting CDW
in the context of developed countries, developing countries, and in SSA to propose solutions

in a much-localized context of South Africa.

2.2. Methodological considerations

The information which constitutes this article was collected through a desktop study which
was conducted between March and July 2022. It involved an extensive review of existing
literature focusing on the challenges affecting CDW management on a global scale, with a
special focus on South Africa. During this period, data collection was conducted through a
rapid evaluation and appraisal of various pieces of peer-reviewed academic literature and
survey reports at global, regional, and national levels. An extensive review of archival
records and peer reviewed journals on CDW in global, developed countries, and SSA context
was conducted. Additionally, literature was also collected from various university libraries
in the form of books (e.g. universities of Pretoria, Witwatersrand, Johannesburg, and
KwaZulu-Natal). Furthermore, peer reviewed papers were accessed through online public
access catalogues such as Science Direct, Scopus, and Web of Science, where complete
articles or links to articles were derived. Finally, peer reviewed articles were also collected
through different web-based search engines such as Google, Studies Gate, Google Scholar,

and Yahoo in search of extant and recent papers on the topic under study.

Keywords or phrases used in the search for literature including ‘construction and demolition
waste management challenges’ and ‘construction waste management barriers’ were entered
into all the literature search platforms. Ultimately, the search for literature on all platforms
produced 82 articles primarily concerned with CDW management challenges in all the
geographical contexts under study, with most of them published in the last ten years. Of the
82 articles produced from the literature search, 56 were relevant to the current study. Of the
56 articles, 25 were concerned with developed countries, while 19 focused on developing
countries in continents such as Asia, America, and Europe, while the remainder was focused

on SSA. These articles were critically analysed and discussed in the following section.
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2.3. Construction and demolition waste management barriers in the context of
developed countries and developing countries.

A considerable body of literature reveals that CDW presents a massive burden to the
environment and to urban managers in developed countries (e.g. European Commission,
2008; Staunton et al, 2014; Mawed et al., 2020). Some of the challenges faced by urban
managers in developed countries in CDW management emerge from governance systems
where decentralised legal systems are in place (Park and Tucker, 2016; Mawed et al., 2020).
Many developed countries follow the federal system of governance, which is a formalised
distribution of power between ‘sovereign states’ and the national or central government
(Hamilton et al., 2009; Gamper, 2019; Huberfeld et al., 2020). On the political front, a federal
system of governance is progressive in terms of separation of powers, because states or
provinces reserve the right to enact laws or regulations governing their affairs (Hamilton et
al., 2009; Huberfeld et al., 2020). This approach to governance diminishes the power of the
national government in each country and foils the ability of leaders to make arbitrary or
forceful decisions. In the context of environmental affairs such as CDW management
however, this system of government present significant barriers to the achievement of
holistic national, regional, or global milestones (e.g. Hyder Consulting, 2011; Park & Tucker,
2016; Mawed et al.,, 2020). In other words, a federal system of government results in the
promulgation of different laws or regulations for environmental affairs setting up disparities
at the local state, national, and global levels in terms of management planning (e.g. Hyder

Consulting, 2011).

Federal states facing such challenges include Australia, the UAE, and the USA. National
governments in these countries lack the authority to legislate CDW processes because the
powers required to regulate waste management affairs rest with local state/provincial
governments which are sovereign by nature (Hyder Consulting, 2011; Park & Tucker, 2016;
Mawed et al., 2020). Ultimately, every state has unique local waste laws, making it difficult
to work in concordance with the national governments, thus presenting a significant

challenge to sustainable CDW management.
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The other barrier to sustainable CDW management is the endemic lack of communication
among interested parties in construction across developed countries (Gamil & Rahman,
2017). Lack of communication in each system entails disjointed processes, and ultimately,
this is accompanied with catastrophic failure. In their 2017 study, Gamil and Rahman argue
that the lack of effective communication systems in the construction business means that
global calls to sustainability (e.g. circularity) remain largely ineffective. A useful example can
be drawn from a study in the UAE, where poor communication in construction is typically
associated with frequent changes in building design during building projects, resulting in a
surge in the quantities of CDW produced (Yuan & Shen, 2011). To elucidate, some studies
have found out that design changes during the construction phase means that more
resources will be allocated to the project, eventually resulting in increased waste being
generated (Yuan & Shen, 2011; Mawed et al., 2020). Thus, it can be argued that systematic
and timely cohesion between stakeholders in construction before the construction phase

creates opportunities for sustainable CDW management practices.

While the above argument presents opportunities for sustainable CDW management such as
waste minimization, as required in the era of climate change, it must be noted that the
construction sector in some developed countries holds scepticism over calls to transition to
sustainable initiatives associated with the circular economy (reduce, recycle or reuse, or
waste). This scepticism is largely motivated by distrust of the quality of recycled aggregates
(see Mawed et al, 2020; Carcel-Carrasco et al, 2021). Following this position, the
constructor sector in some developed countries like Australia, Italy, the UAE, and Portugal
continue to champion environmentally unfriendly approaches to CDW which are linked to
the linear economy (take, make, dispose) (Couto & Couto, 2010; Carcel-Carrasco etal., 2021).
In these countries, it is generally believed that the circular economy in construction requires
further investigation to assess its benefits despite multiple cases of scholarly advocacy for
the concept (Couto & Couto, 2010; Mawed et al., 2020; Carcel-Carrasco et al., 2021). To
illustrate this, Park, & Tucker (2016), supported by Carcel-Carrasco et al. (2021), argue that
construction personnel in Australia and Italy effectively protest the much-advocated onsite
waste management directive by environmentalists, which means that the separation of

waste for circularity purposes is impossible.
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In other contexts, resistance to the concept of circularity in countries such as New Zealand,
the UK, and the UAE appears to emerge from a lack of education and training (Mawed et al.,
2020). Lack of education and training on the concept of circular economy has significant
impacts on the levels of waste production. In support of this position, several scholars argue
that lack of education and training on the significance of circularity accounts for a third of all
the CDW produced in developed countries (Dainty & Brooke, 2004; Yuan and Shen, 2011;
Low et al, 2020). This is a major problem which is worsened by the fact that most
construction projects in developed countries are poorly funded, which makes it difficult for
construction managers to effect sustainable CDOW management plans (Yuan & Shen, 2011;
Mawed et al,, 2020). The consequences of this are apparent in countries like Australia and
China, where the effects of poor funding emerge in the form of poor CDW handling such as
random mixtures of different types of CDW (Yuan & Shen, 2011; Hyder Consulting, 2011). [t
is noteworthy to mention that separation of waste onsite is relatively cheaper and less time
consuming than practising it offsite. To illustrate this, Hyder Consulting (2011) noted that it
costs about 150,000 Australian dollars to separate 600 tonnes of heterogeneous CDW waste.
In view of this, it is quite difficult for construction companies to commit to waste separation
and recycling (offsite), given that the initiative is undermined and poorly funded (Yuan &
Shen, 2011), and the entire process increases costs to the company (Tischer et al,, 2013).
Therefore, it can be observed that lack of education and training on waste, and poor funding

of construction projects present significant barriers to sustainable CDW management.

In addition to the challenges discussed above, it has been argued that successful CDW
management strongly depends on the availability of high-quality data at the administrative
level (Hyder Consulting, 2011). Yet, despite the significant improvements in CDW
management in developed countries, data collection remains a lingering problem that
emanates from disorganisation of the waste governance system (Hyder Consulting, 2011).
This is a significant problem because policy formulation on CDW is strongly reliant on
reported data. It can be argued that poor data collection or reporting misguides policy
direction and approach. This problem is prevalent in some developed countries such as
Australia, where wrong estimations are made because of poor weighing at weighbridges in

Sydney (Hyder Consulting, 2011). This is worsened by the fact that in states such as New
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South Wales, a lack of education and training on waste handling results in poor classification
of heterogeneous waste, which in turn negatively affects the quantification of waste
categories (Hyder Consulting, 2011). This challenge is magnified by logistical problems such
as space at construction sites in developed countries (Low et al., 2020). It is a fact that CDW
is one of the most voluminous waste streams across the industrial divide. This is at odds with
the fact that construction sites are typically small and confined to a specific location.
Construction sites in a central business district can be used as a practical example, because
they are organically flanked by other buildings, narrowing space even further (Tischer et al.,
2013). Such problems motivate landfilling, dumping, or other unsustainable waste handling
practices in the construction sector because circularity measures such as onsite separation

require large spaces.

However, CDW management barriers are worse off in developing countries such as in Asia,
South America, and some parts of Europe, despite similarities in some cases. For example,
developing countries also face the challenge of weak waste management laws and poor
enforcement (Alotaibi et al., 2019). The weakness of these laws is made apparent by the fact
that municipal waste laws are more rigorous compared to those governing CDW
(Mahayuddin et al., 2008). This problem emanates from the fact that CDW is not regarded as
an immediate threat to human health and the environment. The weakness of waste laws also
manifests through the lack of punitive or restrictive measures such as taxation to curb the
overproduction of waste or environmental crimes (Mahayuddin et al,, 2008). Additionally,
poor environmental law enforcement replete across developing countries is reported to be
a major motivation for illegal dumping. In addition to this, there is a sense of ambiguity in
environmental law regimes regarding the responsibilities of contractors in construction and
governing institutions in countries such as Lebanon (Saad et al.,, 2022). Such a situation

provides ample opportunity for poor CDW handling.

In other developing states, one of the major challenges in CDW governance is that waste
management is typically under the purview of several public and private institutions or
entities (Al-Otaibi et al, 2022). Some of the commonly involved entities include
municipalities, private waste collectors, multiple government departments, and non-

governmental organisations. Like federal law systems in some developed countries, it offers
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a sense of decentralisation and efficiency. However, there is no clear delineation of
responsibilities for each player (Al-Otaibi et al., 2022). As a result, institutions often lack
commitment to waste management issues, hoping that cognate institutions will tackle any
issues that may arise (Al-Otaibi et al., 2022). Several scholars have argued that this situation
arises as result of excessive bureaucracy across local and national governments in
developing countries, so the duties of each institution often end up unclear and confusing
(Kabirifar et al., 2021). Although this is detrimental to sustainable CDW management, some
scholars embrace this position and argue that institutional fragmentation requires
institutional coordination and clear delineation of responsibilities for effective service

delivery (Alotaibi et al., 2019).

Construction firms in developing countries often lack awareness of social responsibility (SR),
a key sign of commitment to environmental sustainability in the modern age (Alotaibi et al.,
2019). However, what is social responsibility? It is a process that focuses on responsibly
treating stakeholders of an entity according to international standards (Hopkins, 2003). An
investigator argues that SR is committed to things such as economic, financial, and
environmental responsibilities, and recognition of interested parties outside of the
corporate world (Hopkins, 2003). Given this scenario, it is apparent that SR can have
significant bearing on the way CDW is managed by construction companies in developing
countries. In developed countries, construction firms take SR as an integral part of their
business operations because it enhances their reputation by showing their commitment to
people and the environment outside of their pursuit for profit. Given the significance of SR
to environmental conservation, the corporate lack of awareness of the concept presents
major barriers to CDW management, yet the construction industry is the largest producer of

waste in the world economy (e.g. Upstill-Goddard et al., 2012).

The Kingdom of Saudi Arabia (KSA) provides a perfect illustration of corporate disregard of
SR and the immediate outcomes in developing countries. CDW waste management in the KSA
is characterised by landfilling or dumping on the outskirts of major cities, contributing to
environmental degradation (Ouda et al., 2018). Similarly, construction firms in Peru do not
place priority on environmental management instruments (EMI) (Rondinel-Oviedo, 2021).

Such instruments are concerned with tools put in place before construction to manage waste
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outputs, and in Peru, there is an obligation that construction sites without EMI in place are
exempted from adopting CDW management plans (Rondinel-Oviedo, 2021). On close
inspection, it can be observed that construction firms are not legally obliged to perform with

a sense of corporate environmental responsibility because it is not mandatory in this context.

Just like in developed countries, sustainable CDW management is impeded by a lack of
commitment to the circular economy through the principles of the 3Rs (Reduce, recycle,
reuse) to manage CDW (Bagdi et al., 2013; Saad et al., 2022). This challenge emerges from
multiple angles in developing countries. Firstly, the problem is related to a lack of SR or EMIs
discussed earlier in the article. Construction firms with such instruments in place would be
committed to the 3Rs in waste management. Secondly, CDW comes in packages and
quantities that are highly heterogeneous and therefore costly and labour intensive to
prepare for the 3Rs (Ametepey et al., 2015). Therefore, since processing CDW for the 3Rs is
costly, most construction firms prefer to ignore the concept of circularity (Saad et al., 2022).
For example, Bagdi et al. (2013) argues that although construction firms in India are
beginning to be aware of the 3Rs though the increasing visibility of on-site waste compactors,
separation, and auditing, the full adoption of the circular economy remains a distant future
because of the high expenses related to this. In countries such as Lebanon, this is exacerbated
by the fact that construction organisations have no coordination with governing institutions
regarding CDW management issues. As a result, scholars observe that there is no
environmental education on construction sites before the commencement of projects, as

should be the case to achieve sustainability in construction (Saad et al., 2022).

2.4. Construction and demolition waste management barriers in the context of SSA

To effectively manage CDW, many developed and developing countries outside of the SSA
region have adopted principles of the circular economy and have taken measures to achieve
its success (Agamuthu, 2008; European Commission, 2008). In SSA however, existing
literature suggests that while the concept of circularity is now known, its application remains
problematic just like in many parts of the world for different reasons. What is largely unique
to SSA is the shortage of personnel trained in the use of CE methods in the public sector, yet

abundant in the private sector, as reported in countries such as Liberia, Angola, Burundi, and
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the Central Africa Republic, among others (Ferronato and Torretta, 2019). A growing
number of scholars argue that experts in CE methods of waste management in SSA prefer
working in banking, environmental protection, insurance, and non-governmental
organizations in search of more competitive remuneration (Ferronato and Torretta, 2019;
EPA, 2022). This situation means that the waste management sector in SSA is largely
dysfunctional because local and national governments have the constitutional obligation to
ensure effective environmental management and protection (e.g. South African Constitution
of 1996). This situation presents a significant barrier to CDW management because national

and local governments are responsible for managing the bulk waste in SSA.

Further examination of existing literature suggests that the above barrier to sustainable
CDW in SSA is likely to persist because of poor recruitment practices by local and national
governments (Godfrey & Nahman, 2007; Laubscher, 2012). It is commonplace in SSA for
local governments to corruptly hire unqualified and incompetent personnel in all
departments, particularly in finance (Atkinson, 2003; Godfrey & Nahman, 2007; Laubscher,
2012). The effects of these flawed recruitment processes on service delivery are well
documented. For example, financial management in South African and Zimbabwean
municipalities is characterized by cases of chronic inability to account for expenditure, and
poor service delivery (Laubscher, 2012; Marumahoko, 2020). Based on these arguments, it
is not an exaggeration to argue that such issues have a direct bearing on the capacity of local
governments to effectively manage CDW, which needs large sums of capital to process, and

cutting-edge machinery.

The lack of personnel trained in CE methods of waste management discussed above rises in
significance considering the centralization of power in SSA. Studies conducted by Erk (2014)
on governance affairs in SSA suggest that decentralization only exists in theory in SSA. It is
commonplace that most countries in SSA follow much more centralised forms of governance,
where major decisions are passed from the upper echelons of power (Erk, 2014).
Furthermore, unlike in many developed countries as discussed in the above sections, SSA
countries generally do not follow the federal system of governance where individual states
or provinces can pass legislation. Legislations on waste or other affairs affecting the SSA

society are generally passed in the House of Assembly and enforced by national law
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enforcement agencies. In comparison to federal countries, this implies that countries in SSA
find it relatively easy to meet global waste management goals because there are uniform
laws governing the states. However, this situation brings upon CDW management challenges
that are unique to SSA, because much of the municipal funding in the region is supplied by
central governments (Worrall et al.,, 2017; COSATU, 2023). The major issue that renders this
problem unique to SSA is that the funds are largely supplied very late, causing disruption of
municipal operations such as waste management (Laubscher, 2012; Worrall et al.,, 2017;
COSATU, 2023). Itis important to note that the delay in the supply of funds is due to excessive
bureaucracy, and this causes the funds to reach municipalities towards the end of fiscal

years, causing massive disruption of service delivery (Worrall et al., 2017).

The management of CDW in SSA is further restrained by a lack of policy that is tailor-made
for this waste stream (Agamuthu, 2008). This is in sharp contrast with many countries
outside of SSA, such as those in Europe (e.g. Agamuthu, 2008; European Commission, 2008;
Nelles et al., 2016). Even some countries in Africa (outside of SSA) such as Algeria have
recognised the environmental threats of construction and passed a law to specifically
manage the waste stream (see Makhloufi and Bouadam, 2022). Another example can be
drawn from Asia, where Japan passed about eight CDW laws and regulations over a 20-year
period including ‘Action Plan for Construction Waste Measures’ in 1994, ‘Construction of by-
product Recycling Initiative’ in 1997, ‘Procurement Law in Construction’ in 2001 and the
‘Waste Disposal Act’ in 2012, where CDW is strongly regarded as a potent environmental
threat (Wang and Qin, 2018). It can be argued that laws that are specifically meant for CDW,
rather than generic waste laws, are crucial because they ensure maximum concentration,
innovation, or resource supply to ensure environmental sustainability. This assertion is
corroborated by the high levels of success in recycling (over 75%) of CDW in countries like
Austria, Denmark, Germany, New Zealand, etc. (Agamuthu, 2008). Yet in the context of SSA,
countries rely on generic waste laws that classify CDW as general waste that does not pose

an immediate threat to the environment.

To illustrate the above, South Africa relies on the National Environmental Management Act
(Act No. 107 of 1998) which classifies CDW as an insignificant threat to the environment, and

therefore is generally permitted for landfilling without treatment. The same can be said of
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countries like Burkina Faso and Nigeria, where CDW does not meet the prescribed criteria
for recycling (Ajayi et al., 2008). The failure of CDW to meet the so-called recycling criteria
is unique to the SSA region, and the effect of this classification is that it results in cases of
illegal dumping or indiscriminate disposal in landfills. Furthermore, CDW cannot be
considered general waste because of its large size, lack of malleability, and often, the
hazardous nature of its airborne constituencies (Agamuthu, 2008). Categorization as general
waste means that CDW is not a priority waste stream despite its well documented poor
environmental performance (e.g. Rohracher, 2001; Ajayi et al., 2008; Ametepey and Ansabh,
2014). Critics of environmental law have argued that South Africa suffers from fragmented
legislation in the sense that there are several laws that relate to similar problems without

delineating responsibilities clearly (Zhakata et al., 2016).

An additional challenge affecting sustainable CDW management in SSA is that of strong
political interference in municipal processes. This is largely unique to the SSA region because
of the widespread centralisation of power and vengeful political processes. This can be
illustrated by a Zimbabwe case study where thousands of ‘illegal’ structures were
demolished across Zimbabwe in what was termed ‘Operation Murambatsvina’ or ‘Operation
Clean Up’ (Sokwanele, 2005; Madebwe & Madebwe, 2006). While on paper the initiative was
meant to ‘clean up’ Zimbabwe, critics argued that the operation was motivated by the
electoral defeat of the ruling party in Zimbabwe in the urban areas by the opposition party
(Sokwanele, 2005). The process was conducted hastily and abruptly without a plan on how
to manage the resultant demolition waste (see Madebwe & Madebwe, 2006). While
Zimbabwe did not have circularity measures at the time, the opposition-run municipalities
depended on landfilling for CDW management. Interference in municipal processes during
the ‘clean up’ campaign led to thousands of tonnes of demolition waste randomly placed
across Zimbabwe (Madebwe & Madebwe, 2006). Another example can be drawn from South
Africa, where some government officials interfere in municipal decision-making processes
which leads to a “lack of perceived authority to act by waste staff’ (Godfrey et al., 2013,
p.298). It is argued that some politicians deliberately frustrate certain initiatives because

they do not provide favourable political optics on the ground (Godfrey et al., 2013). When

36|Page



analysed closely in the context of CDW management, political interference in municipal

processes impedes the ability of waste staff to affect sustainable initiatives.

Another barrier to sustainable CDW management in SSA is the apparent shortage of funds
(e.g. Godfrey et al., 2013). It can be argued that a shortage of funding undoubtedly disrupts
sustainable waste management in SSA countries, but it is not unique to the region. Shortage
of funding has been reported in countries such as India (The Times of India, 2018), Brazil
(De Oliveira et al., 2022) and Cambodia (Singh et al., 2022). In all these cases, a lack of funds
to finance waste management projects and plans causes massive pressure on local
government’s ability to deliver service. Further investigation however reveals that while the
issue of a lack of funding is widespread and significant, what is unique about it in the context
of SSA is that even though claims for shortage of capital are common, salaries of municipal
officials have increased dramatically in the last decade (Godfrey et al., 2013). This casts some
doubt on the claims of shortage of funding but rather suggests low prioritization of effective

service delivery due to greed or corruption.

Table 2.1. Summary of barriers affecting CDW management in SSA

Location: Sub Saharan Associated barriers to CDW Management

Africa

1. Lack of circular economy initiatives to minimise CDW. This is
worsened by the lack of skilled/ competent personnel.

2. Poor recruitment strategies by local authorities. It is common for
incompetent or unqualified people to be hired for important
positions.

3. Top-down management approaches adopted by local authorities
excludes important stakeholders such as local communities.

4. Lack policy tailor made for CDW management.

5. Political interference in municipal processes disrupts effective and
timely decision making.

6. Poor funding of municipal processes which results in poor
implementation of strategic initiatives.

2.5. Framework for sustainable CDW management in South Africa

The construction sector will continue to expand rapidly in the foreseeable future in the
Republic of South Africa just like in most SSA countries, due to population growth and

economic expansion. Drawing from this perspective, it is apparent that there is a need for
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urgent practical solutions to curb unsustainable CDW waste management barriers which
often lead to practices such as dumping or landfilling. In the absence of cutting-edge
methodological transformation to CDW management, the linear approach currently adopted
in the construction sector will continue to generate vast quantities of waste, and further
destroy the environment in search of virgin materials. It is noteworthy to mention that the
challenges facing CDW management in SSA are generally similar because systems and
processes in waste management are related. However, South Africa is somewhat unique to
the rest of the sub-continent because policy (although it needs further improvement and
implementation) and waste management infrastructure are generally available although it
spreads across public and private entities (see Rasmeni & Madyira, 2019), whereas other
countries in SSA such as Zambia, Nigeria, and Tanzania lack these infrastructures (e.g.
Agbesola, 2013; Sakanyi & Kooma, 2022; Mbwilo & Mahenge, 2022). It is on this basis that
this section proposes an agenda for sustainable CDW management in South Africa, although

the suggested solutions can also be bent to suit other SSA countries.

One of the solutions to lessen the barriers associated with CDW management in the South
African context is to transition to a science and technology waste governance infrastructure
that is internet-based. However, it must be noted that there are some challenges, particularly
in rural areas, with internet connection in South Africa. Yet, despite this situation, the urban
areas where most CDW is produced are well-connected (especially in comparison to other
SSA countries) so that any internet-based platform can be effectively utilized. The
construction sector can immensely benefit from this situation to transform communication
systems in the industry. It has been hinted in the preceding section that communication and
data-sharing constitute a critical component in achieving an effective CDW management

agenda in any context.

Therefore, there is substantial need for the creation of an online-based platform (e.g., a
database) where both small and major construction projects in each city can be listed. Within
this platform is listed the types and volumes of CDW and the associated location. For effective
operation of the online platform, it should be equipped with global positioning systems (GPS)

algorithms to assist with navigation to construction sites. The purpose of this platform would
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be to ensure the adoption and success of circularity in construction, such as the reuse or

recycling of CDW.

The success of the proposed online platform is dependent on the adoption of a co-
management strategy that features various crucial stakeholders. Solid waste management
studies in the context of South Africa suggests that there is an ineffective top-down
management style where important decisions are imposed from the top while effectively
side-lining important stakeholders (e.g. Kubanza & Simatele, 2019). To shift from a top-down
management style in waste management, stakeholders such as ICT specialists, construction
companies, local municipalities, state and municipal police, non-governmental organisations
(NGOs), and local communities could be involved in CDW management planning. Regarding
the proposed online platform, ICT specialists are crucial for the design and maintenance of
the online platform, and for making it user-friendly to all interested parties to eliminate
potential frustration for users. The role of local municipalities in this online community is to
oversee CDW management processes and regulate activities, particularly during onsite

waste processes and the transportation period.

The NGOs, as discussed in the earlier section, these organisations play a significant role in
waste management processes in SSA countries (including South Africa) due to the
inadequacies associated with local and national authorities. In this case, the role of NGOs
could be that of financing the creation and maintenance of the proposed online platform,
because municipal funds are surrounded by bureaucracy and other disruptive politics. NGOs
can further complement the work of local municipalities in CDW management by
encouraging segregation of CDW onsite and making it suitable for reuse or recycling rather
than for landfilling. NGOs can achieve this through deployment of paid ‘green scorpions’ or

trained waste management officials at major construction sites.

To ensure the success of this proposition, NGOS need to be aware of the location of
construction or demolition sites in each area, and with its GIS-based location algorithms, the
significance of the online-based platform is immediately apparent. Furthermore, to enforce

local and national environmental laws, municipal and state police could be deployed along
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the channels typically used for transportation of CDW from construction sites, and the online

platform could assist in coordinating this.

In addition to the above proposition, it is important to highlight that research on solid waste
management in South Africa have emphasized the significance of the participation of local
communities in solid waste management processes (e.g. Kubanza, 2021). To reduce the
barriers to CDW management in South Africa, it is argued that local communities can be
involved through an incentivized programme where community members can salvage
materials at construction/demolition sites or landfills for resale or reuse. This initiative
already exists in South Africa, but it focuses largely on plastic waste. Adopting this strategy
for CDW would be useful in terms of minimising resource extraction from the environment,
waste reduction, and saving landfill space while creating the much-needed employment in
South Africa. Furthermore, the use of local communities in CDW management can have an
effect of complementing ineffective waste management systems in South Africa by

eliminating illegal dumpsites, which are mostly located in low-income areas.

Another strategy that can be deployed to eliminate CDW management problems in South
Africa is by engaging institutions of higher learning like universities and colleges offering
construction or architecture courses because there is a widespread shortage of expertise in
sustainable practices across the sector (Godfrey & Nahman, 2007; Laubscher, 2012). It is
important to note that achieving sustainable CDW management cannot be done overnight,
and therefore, short- and long-term solutions should be encouraged. To tackle the long-term
problems, it has become crucial for higher learning institutions in South Africa to offer
construction-related courses to introduce aspects of circularity in the field. For example,
waste minimization can be achieved in the design stage of architectural plans, throughout
the construction phase, and lastly, the demolition stage. The technical expertise required to
achieve this can be offered by institutions of higher learning such as universities and
colleges. Furthermore, universities can play a crucial role in the design of durable or reusable
construction materials to minimize waste at the end-of-life phase of buildings. It is important
to note that ‘design for durability’ or for ‘reuse’ is rapidly gaining traction in developed
countries, and its adoption in a South African context can offer significant environmental

advantages. To achieve short-term CDW management solutions, institutions of higher
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learning can provide onsite training or workshops for construction project managers and
their teams on waste management strategies. While such a solution is not unique to South
Africa, it is currently not used in the region, and therefore it would offer important

environmental benefits.

Finally, a considerable body of literature in the last two decades has emphasized that the
construction sector must transition to more sustainable methods of demolition (Dantata et
al., 2005). Chief among the recommendations is advocacy for the adoption of systematic
demolition which is called ‘deconstruction’ (Dantata et al., 2005). Deconstruction avoids
razing structures unsystematically to create unrecyclable or unsalvageable demolition waste
which would end up in landfills (see Bertino et al., 2021). By following a systematic way of
demolition, deconstruction minimizes the amount of atmospheric pollution from fugitive
dust during the destruction stage. Furthermore, deconstruction ensures that vast quantities
of material is saved (Bertino et al., 2021), and therefore can be used for its originally
intended purpose, rather than just used in upfilling of foundations. South Africa currently
depends mostly on landfills for the disposal of CDW (Bester et al., 2017), and therefore,
deconstruction would present significant waste management benefits. However,
deconstruction is associated with high expenses and lengthy periods, which is unpopular in
construction (Dantata et al., 2005). This is particularly problematic in the context of a
developing country like South Africa because of funding deficiencies. To eliminate this
problem, it is recommended that the government of South Africa can initiate some incentives
such as financial subsidies, or supply of equipment and specialised manpower at major

demolition sites. This approach to CDW is crucial in achieving sustainability in construction.

2.6. Conclusion

With the rapid expansion of the construction sector in the SSA region, there is a significant
rise in the amounts of CDW waste, particularly across the major cities where much of
infrastructural development occurs most. The expansion of the construction sector provides
a great number of benefits to the region in terms of employment, infrastructure, and
beautification of cities among other things, and yet, there is a plethora of barriers affecting

the management of the associated CDW. This review paper has uncovered a lack of balance

41 |Page



in SSA between urban infrastructural development and or sustainability in waste
management. Although several CDW management barriers seen in the context of SSA can
also be found in other regions of the world, the study area stands out in several ways that
have been discussed. The major reasons include centralisation of funds, massive political

interference, and salary-related corruption among others.

With a global call for more sustainable CDW management due to climate change, there is an
urgent need to formulate strategies to counter the barriers to CDW, and this study has
suggested several measures to achieve this. The region requires a shift from generic waste
laws which typically classifies CDW as general waste. The classification of the environmental
performance of waste materials cannot be judged only based on toxicology, because several
other attributes such as ubiquity and physicality can significantly affect different
components of the environment. Based on this, the SSA region requires tailor-made laws for
waste streams such as CDW to achieve high levels of sustainability such as in Europe and
Asia. As the article has highlighted, barriers to CDW can further be reduced through the
participation of universities and various other stakeholders such as local communities,
municipalities, police, and construction firms among others in environmental management.
An innovative online communication tool offers opportunities to share data and information
on CDW among all stakeholders, and ultimately, it contributes to sustainable environmental

management.

2.7. Knowledge gap

This chapter presented a discussion of extant literature on the barriers affecting CDW
management in the context of developed and developing countries outside of SSA. The
chapter also discussed the barriers to CDW management in the context of SSA with a bias to
South Africa as a case study of this study. It is found that CDW management remains a major
problem in many parts of the world for several different reasons. In the context of developed
countries, the main barriers to effective CDW management include poor governance systems
where decentralization of legislative power means that multiple waste management
legislations are promulgated at state or provincial level. The problem with this approach to

waste governance is that it becomes problematic to meet national and international
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environmental management milestones because states may have different aims and
objectives. However, this chapter also revealed that effective construction and demolition
waste is also hindered by the lack of trust in the quality of recycled aggregates by the
construction sector. The failure to accept recycled aggregates means that the circular
economy and its principles of ‘reduce’, ‘recycle’, and ‘reduce’ will not be realised in the sector,
causing continued generation of waste. Although this is a huge barrier to CDW management
in developed countries, this chapter also revealed that poor communication between
stakeholders in the construction sector across developed countries leads to increased waste
production because building plans often change during the construction phase. Change of
building plans during construction means that sections of a structure are demolished to
make way for desired features, causing further production of waste materials. Finally, poor
CDW data collection is also common in the construction sector, which affects the quality of
waste laws. This is a serious barrier to CDW management because effective waste

management depends largely on strong legislation.

In the context of developing countries outside SSA, this chapter reveals some similarities
with problems in developed countries. For instance, weak waste laws or poor law
enforcement is a common problem in developing countries just as it is in developed
countries (Alotaibi et al., 2019). This is a significant barrier to CDW management because it
leads to widespread illegal dumping, although this is a much bigger problem in developing
countries (Mahayuddin et al., 2008). Another similarity is the lack of commitment to the
circular economy approach to waste management. However, unlike in developed countries,
the construction sector in developing countries out of SSA generally disregards the circular
economy because aspects like separation of heterogeneous waste require large capital and
labour investment. For many construction companies, this is an expensive venture that can
be avoided by disposing of waste in landfills. Other barriers to effective CDW management
in developing countries emanate from fragmented management systems, where multiple
actors including municipalities and private entities participate in waste governance. As this
chapter revealed, this system of governance is weak where no clear delineation of

responsibilities is present such as in developing countries in Asia, South America, and parts
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of Europe. This leads to neglect of duties on the pretext that other stakeholders can perform

the outstanding responsibilities.

In the context of SSA, the problems are largely like those in both developed and developing
countries across the world. However, these problems appear to be more widespread and
multifaceted in the SSA region, where they can be classified as financial, administrative, and
political problems. Regarding the financial problems, the SSA region is characterized by a
chronic shortage of skilled labour to enforce circular economy initiatives. This problem
arises from the fact that many skilled workers prefer to work in the private sector where
remuneration is better, thereby causing massive waste management problems in the public
sector. Other than this, CDW management is also affected by political problems where the
disbursement of municipal funds by the national government is replete with delays due to
political red tape. As the chapter revealed, these delays often cause disbursement of funds
even at the end of a fiscal year rather than at the beginning. The major problem with this is
that effective CDW depends on the availability of funds. While this is a major problem on its
own, the situation is worsened by poor legislation where the generic waste laws classify
CDW as a small threat to the environment. This classification of waste is based on the
traditional view of environmental risk of waste through presence of toxins or toxicants.
Ultimately, such a narrow view of waste motivates indiscriminate landfilling or illegal
dumping. Finally, from this chapter it is revealed that effective CDW management is caused
by some administrative issues such as poor recruitment practices. Corruption and nepotism
in many SSA countries like South Africa cause the recruitment of unqualified personnel,
causing massive disruption of service delivery and resulting in among other things, poor

CDW management.

It is apparent from the discussion in this chapter, global CDW management remains
permeated with problems that challenge the concept of environmental sustainability. Much
has yet to be done from a studies perspective to solve the challenges that affect waste
management in the construction sector, particularly in developing countries like South
Africa. While this literature presents critical knowledge on the state of CDW management,
particularly in the SSA region, it fails to provide sustainable alternative methods to

effectively manage CDW. This is a serious flaw especially in a period where population
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continues to grow. Studies on population dynamics in SSA suggest that the entire region is
experiencing massive growth and by 2050 the population will reach approximately 2.12
billion (UN-DESA, 2019). The growth of human population influences the expansion of the
construction sector to meet the rising demand for the built environment. While the growth
of the construction sector represents an expansion of the economy which is desired by
countries, it also means the production of high volumes of CDW which can be detrimental to
the wellbeing of the environment. Studies that focus on ways to effectively and sustainably
manage CDW become immediately apparent. This is especially the case in South Africa,
where massive construction projects can be observed throughout the country, especially in
the major cities that are currently experiencing inward migration for economic purposes. In
recognition of the studies gap highlighted in this section, Chapter 3 focuses on the
methodological approaches to CDW management in the context of South Africa to proposing

an effective and sustainable method of managing the waste stream.

Table 2.2. Outline of research gaps in CDW management in South Africa

Point Gaps in knowledge

1 No studies focusing on the environmental performance of CDW
outside the lens of toxicity

2. Limited studies on the environmental performance of inert CDOW
in aquatic ecosystems such as wetlands despite the widespread
dumping and infilling.

3. Lack of studies focusing on how best to effectively manage CDW
in South Africa and developing countries at large.
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CHAPTER THREE

METHODOLOGICAL CONSIDERATIONS

Overview of the chapter

This chapter is made up of a paper that is under consideration for publication in a peer-
reviewed journal. The significance of this chapter is to provide an overview of the
methodological considerations of construction and demolition waste (CDW) management.
Two kindred methodological approaches of the ‘Circular Economy’ (CE) and ‘Industrial
Ecology’ (IE) are uniquely amalgamated to improve CDW management in the context of
South Africa. A number of scholars argue that the CE is a crucial approach to sustainable
waste management because it aims at reducing pressure on the environment (Heshmati,
2015; Rizos et al.,, 2017; Abad-Segura et al., 2020). Similar arguments have been put forward
in the advancement of IE (den Hond, 2000; Roberts et al., 2004), which underscores the
significance of the approach to achieving environmental sustainability. While these
arguments are largely accurate in the context of developed countries where technologies and
waste management funding are available, the same cannot be said of developing countries
like South Africa. However, it is argued that the two concepts of CE and IE can be attuned to
the social, economic, social, and technological realities of a developing country to produce an

effective methodological approach to CDW management.

The paper critically discussed the different methods and approaches to CDW management
across the world with a specific focus on South Africa. The methods deployed for CDW
management can be classified, namely sustainable and unsustainable methods. There is only
one sustainable method, namely the CE, which is practiced in several ways, among them
Building Information Modelling (BIM), Design for Deconstruction (DfD), and Deconstruction.
On the other hand, unsustainable methods include illegal dumping, reactive remediation,
and landfilling. Although the sustainable approaches to CDW management have the potential
to reduce pressure on the environment through dumping or extraction of raw materials, it is
generally untenable in developing countries like South Africa in the same form deployed in

developed countries. In the conclusion of the chapter, it is therefore argued as previously
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stated, that CDW management in South Africa can be improved through an amalgamation of
CE and IE in a way that factors the social, economic, political, and economic realities of the

country.
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Paper No. 2
An application of the Circular Economy and Industrial Ecology as Methodological
Imperatives for the Sustainable Management of Construction and Demolition Waste
in South Africa.z

Abstract

In the 21st century, sustainability has become the cornerstone of the global economy due to
rapid environmental degradation and extreme climatic events. Researchers, policymakers,
global institutions, and environmentalists across the world have intensified calls for a
transition to environmentally friendly waste management methods to reduce pressure on
the environment. However, although many sustainable practices have emerged in the major
sectors of the world economy such as construction, to reduce its destructive and
consumptive nature, many of the methods are largely unsuccessful, particularly in
developing countries. This study was carried out to assess the methodologies and
approaches to construction and demolition waste management across the world, to propose
a suitable approach for developing countries, using South Africa as a case study. This was
carried out using a systematic literature review, semi-structured interviews, and
questionnaires, with epistemic communities in the construction and environment sector.
The major outcome of the study is that most approaches deployed in construction and
demolition waste management are highly effective in developed countries where they
originate but fall short of similar efficacy or usability in developing countries. It is argued
that methods emerging from developed countries cannot be deployed in the same form in
developing countries such as South Africa but rather should be amended to suit certain
economic and technological realities. To improve construction waste management in South
Africa, it is proposed that a hybrid of circular economy and industrial ecology can offer an
effective way of managing construction and demolition waste.

Key words: Environment, Sustainability, Construction and demolition waste, Circular

Economy, Industrial Ecology, Circularity.

2 This chapter has been submitted for publication in its current form: Mangoro, N., Kubanza, N.S.
& Simatele, M.D. (2023). An application of the Circular Economy and Industrial Ecology as
Methodological Imperatives for the Sustainable Management of Construction and Demolition
Waste in South Africa. Journal of Environmental Management.
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3.1. Introduction

Construction and demolition waste (CDW) has in the past two decades emerged as a potent
source of global environmental concern, which causes major anxieties among researchers,
environmentalists, and policymakers (European Commission, 2008; Ohemeng & Ekulu,
2020; Zhang et al., 2023). Scholarly studies in the last two decades have consistently argued
that CDW is the most voluminous waste stream, comprising between 35 and 40% of the
global annual waste output (Tam et al.,, 2010; Papargyropoulou etal., 2011; Ginga et al., 2020;
Zighan & Abualqumboz, 2021). High volumes of CDW are a testament to the resource
intensiveness, wastefulness, and environmental disruption of the global construction sector.
Extant literature on construction reveals that, apart from the above-stated characteristics of
the waste stream, it also contains ‘forever’ contaminants that can linger in the environment
in geological timeframes, causing damage in deep time (e.g. Muigai et al., 2013; Chamberlain
et al, 2022). Furthermore, even the inert components of CDW which are largely non-
biodegradable can also linger in the environment in geological timescales (e.g. Bharadwaj et
al,, 2015; Karthikeyan et al., 2020). Based on this wide range of environmental problems,
there has been a rise in scholarship that discusses various methodological approaches

deployed to manage CDW across the globe.

A synthesis of extant literature shows that methods deployed in the management of CDW fall
into two broad categories. The first group of methods tends to be preventive, focused on a
fundamental goal to avert, reduce, or rematerialize waste before, during, and after the
construction phase (Bunz et al, 2006; Purchase et al, 2022; Zhang et al, 2023).
Methodological approaches belonging to this category are generally motivated by the global
call to transition to a cyclic economy where ‘zero waste’ or ‘net zero’ environmental themes
are central. This category generally comprises methods that are powered by cutting-edge
technologies, and typically emerge in developed countries of the Global North where the bulk

of machinery and concepts are generated or conceptualized (Chen et al., 2017).

The second group of methods encompasses approaches that are linear in nature (see
Hoornweg & Bhada-Tata, 2012; Rondinel-Oviedo, 2023). These methodological approaches

are motivated by maximization of profits, and they engender two main problems. They are
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predominantly associated with environmental crimes, and they tend to generate massive
pollution, and disrupt ecosystems (e.g. Fitchett, 2017; Mangoro & Kubanza, 2023).
Ultimately, the methods belonging in this category result in heavy sedimentation of
terrestrial and aquatic environments due to either repeated deposition or erosion by surface
run-off over extended periods. Linear methods of CDW management are the direct opposite
of cyclic approaches because they are not aimed at preventing or rematerializing materials,

but at discarding them and extracting virgin resources from the environment.

Although the world is increasingly globalized and countries exchange ideas, concepts, and
technologies at a faster rate than before, there appears to be a dichotomy in the rate of
adoption or success of environmentally sustainable methodological approaches to CDW
management. This dichotomy appears to be largely motivated by technological and
economic disparities between developed and developing countries. To better understand
the trends in CDW management methodologies, in the following section a synopsis of the
current methods and approaches to CDW management across the world is presented. This
synopsis is conducted to identify the weaknesses in the current methods of CDW

management across the globe, and ultimately present a suitable approach for South Africa.

3.2. An Analysis of Current Methodologies and Approaches to CDW Management
across the Globe.

The construction industry across the global economy faces massive and sustained amounts
of pressure from governments, policymakers, and environmentalists to sustainably manage
CDW. In response to the growing pressure, the construction sector has developed several
methods that tend to be commensurate with economies in each region. However, due to
globalisation and the rapid exchange of ideas, the global construction sector now generally
deploys homogenous methods of CDW management but with varying success. The most
adopted methodological approach is the deployment of a closed-loop system called the
circular economy (CE), which is based on three main principles namely to ‘reduce’, ‘recycle’,
and ‘reuse’ waste materials (Korhonen et al,, 2018; Velenturf & Purnell, 2021; Langsdorf &
Laurens, 2022). As the three principles suggest, the CE is aimed at limiting waste materials,

and this has been achieved with notable success in developed countries such as the
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Netherlands, Denmark, Germany, and the United Kingdom, with recycling rates ranging

between 50 and 90% (European Commission, 2008; Kern et al., 2015).

Other regions of the world such as Asia, America, and SSA have also attempted to deploy the
CE for CDW management. In the first two regions, the strategy has been deployed with an
average degree of success in major economies such as Malaysia and the United States of
America (e.g. Omar et al,, 2022; US-EPA, 2023). In SSA however, the application of the CE
approach in construction has failed and attempts to transition to the closed loop system
suffer from political and economic factors. For instance, although the concept has been
adopted through the ‘waste management hierarchy’, the construction sector in the region
generally discredits the quality of recycled aggregates (Kearsley & Mostert, 2012; Aboginije
et al,, 2020). Furthermore, studies argue that the SSA region lacks the required capital
investment to purchase, maintain, or operate recycling technologies acquired from
developed countries (e.g. Kubanza et al., 2017; Global Green Growth Institute, 2019; Al-
Otaibi et al., 2022). This situation suggests that the application of CE in the SSA construction
sector remains a tentative methodological approach, thus linear strategies are further
encouraged. This trend is likely to continue because studies in the last two decades suggest
that heavy-duty recycling machinery for CDW costs an approximate equivalent of
US$274 000 to $844 000, depending on the capacity and capabilities of the plants (Nunez et
al.,, 2007; Zhao et al,, 2011). Therefore, while the CE appears to be a success in developed
countries, the cost of the machinery required to achieve industrial-scale recycling is

financially unsustainable for the persistently underfunded municipalities across SSA.

Studies on the concept of CE shows that it is applied through several different approaches.
Studies emerging in Europe show that the construction sector in that continent has started
to adopt the ‘Building Information Modelling’ (BIM) approach (Hardin & McCool, 2015; Won
et al., 2016). The BIM approach is a facet of the CE which addresses the principle of waste
‘reduction’ in the design stage of buildings using 3D modelling, and studies have revealed
that it reduces CDW by approximately 4.3% to 15.2% (Won et al., 2016). The BIM approach
achieves this by reducing the frequency of reworking some sections during the construction
phase (Hardin & McCool, 2015). Studies has demonstrated that builders are often forced to

rework some sections on recognition of a fault, and this generates volumes of waste. The BIM
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method prevents this from happening. Second, the BIM approach reduces potential conflicts
among stakeholders, e.g. personnel from various disciplines in construction during the
design phase (Krygiel & Nies, 2008). It is important to note that the construction phase of a
building often involves experts from many professions such as plumbing, engineering, and
architecture. The BIM method eliminates or reduces the potential of conflicts among these
experts which may result in design changes during construction. Given this background, it is
apparent that the BIM approach to CDW management offers significant advantages in
achieving waste reduction in construction. It has been deployed in European countries like
Finland, Denmark, and the Netherlands (Charef et al., 2019), while in Africa it is known to
have been used in Egypt (Khodeir et al.,, 2018).

However, the most surprising drawback of the BIM method of waste reduction in
construction is that it commands a high level of technical expertise (Kouider et al., 2007).
Additionally, it is associated with high cost, especially in short-term projects, and thus many
in the global construction sector resist the method (Kouider et al., 2007). These factors mean
that applicability of the method in developing countries in SSA and other regions of the
Global South will be met with resistance. Because of the high cost and demand for expertise,
the BIM method fails to meet the financial and human resource preferences of construction
companies in struggling economies. However, the BIM remains a formidable method of CDW
management despite the above drawbacks because it is an investment in the end-of-life cycle

reuse.

Other studies discuss that ‘Design for deconstruction’ (DfD) is also an approach emanating
from CE to manage CDW. This method is kindred to the BIM discussed prior in that it forms
part of the modern building design phase (Kanters, 2018). The DfD approach follows two
principles of circularity namely ‘reduction’ and ‘reuse’ of building materials. Advocates of the
method define it as an approach to waste management where a building is designed in a way
that allows adaptation, renovation, and reuse of construction inputs (Kanter, 2018).
Although some studies advocate for ‘deconstruction’ to salvage building materials and
minimize waste as shall be discussed, the method is not particularly effective where
construction inputs were designed to be permanent (see Bertino et al., 2021). The DfD

approach facilitates easy retrieval and reuse of construction materials, ultimately meaning
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that the energy used in manufacturing is retained, while greenhouse gas emissions and
pollution are reduced (Akinade et al., 2017). This method has been used in Central Asian
countries like Kazakhstan and Uzbekistan (Tleuken et al., 2022). Additionally, the DfD has
also been deployed in Canada with high success (Pulaski et al., 2004) and in the United
Kingdom (Yakubu, 2023). The major setback with this method is that there is a lack of
availability of suitable materials to achieve DfD. Additionally, designers face challenges
integrating the DfD concept into buildings since they lack freedom and control over the
construction project schedule (Rios et al., 2015). Therefore, while DfD offers potential CDW
management advantages in theory, in practice, the lack of availability of materials designed

for deconstruction renders the method generally inapplicable.

In addition to the methods discussed prior, others in the construction sector deploy the
deconstruction approach to take down buildings as opposed to demolition (Ahmad &
Anigbogu, 2010). Proponents of this approach define deconstruction as a planned,
systematic and selective dismemberment of a constructed structure for purposes of
recovering a maximum quantity of reusable and recyclable materials in a cost-effective way
(Bradley, 2006). The process of deconstruction of buildings ensures that materials are
separated rather than randomly mixed as is the demolition case. Thus, deconstruction meets
all three principles of circularity by enabling the reduction, reuse, and recycling of materials.
Conceptually speaking therefore, the definition of ‘deconstruction’ suggests that the method
is environmentally friendly and highly cost-effective, making it enticing for any construction
company. The method has been applied in developed countries such as the United States of
America, Canada, Australia, and Japan (Kibert et al., 2001; Chini and Bruening, 2003; Creba,
2019). It has also been deployed in developing countries like South Africa and Zambia

(Gibberd, 2020), while literature is scarce in Asia and Latin America.

Yet deconstruction is doubted by some studies for the same reasons that DfD is criticised
(e.g. Bertino et al, 2021). Critics argue that most buildings were constructed to be
permanent, and therefore the majority of the materials used, along with the building
methods (e.g. reinforcement) means that materials cannot be successfully salvaged through
any method (Bertino et al., 2021). Other sceptics condemn deconstruction because where

there is a lack of skill e.g. in South Africa, it is done chaotically, resulting in large quantities
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of waste which the method was originally designed to reduce (Gibberd, 2020). Another
noteworthy study, which uses a case of Massachusetts in the United States of America, found
that deconstruction incurs higher costs than traditional demolition by up to approximately
14 to 20% more (Dantata et al., 2005). Such a high number of challenges associated with this
approach renders it highly unattractive to the global construction sector, particularly in
countries like South Africa, where fresh building material is affordable, and where illegal

dumping is a highly adopted method of managing CDW.

Several challenges associated with various approaches to CDW management continue to
challenge the idea of green construction. Yet these problems are further compounded by a
negative attitude of the construction sector and some governments towards sustainability in
construction. This problem is evident in countries like Nigeria and Zimbabwe, where
construction personnel does not place priority on waste minimisation (Madebwe &
Madebwe, 2006; Albert et al., 2021). In Nigeria, there is perpetual poor handling of waste at
construction sites, which leads to the rapid generation of waste (Albert et al,, 2021). In
Zimbabwe, the government is consistently involved in demolition activities without a solid
plan for waste management, resulting in widespread illegal dumps of CDW (Madebwe &
Madebwe, 2006). It can be argued that the negative attitude to CE and related initiatives

reduces the likelihood of success of the approach in construction.

Despite the challenges associated with the closed-loop system of waste management in
construction, it remains an environmentally sound approach, particularly in comparison
with linear methods. Linear approaches which encourage ‘take’, ‘make’, and ‘dispose of
materials are commonly used in developing countries and less often in developed countries.
The most used linear method is the practice of landfilling (e.g., Barnes, 2016; Ulubeyli et al.,
2017; Aboginije etal., 2020; Mogodi & Otieno, 2021), and countries that deploy this approach
include the United Kingdom (44%), United States of America (29%), Bulgaria, and South
Africa (Hadjieva-Zaharieva et al, 2003; DEFRA, 2013; Simelane, 2017). On one hand,
landfilling is affordable for most construction companies, especially in developing countries,
yet on the other hand, it is an environmentally unsustainable approach because CDW rapidly
takes up space (Aboginije et al., 2020). This is particularly problematic because many

countries the world over are fast running out of landfill space. Given these realities, in the
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absence of fresh and more sustainable methodological approaches, CDW management will

cause major problems, not only to urban managers but also to the physical environment.

Kindred to the landfilling method is the practice of illegal dumping, mostly in locations such
as roadsides, open spaces, and wetlands. This approach to waste management is common in
many countries across the world where law enforcement is often weak and uncoordinated.
Studies have documented cases of massive illegal dumping in countries like South Africa,
[taly, China, and Pakistan (Euronews, 2015; Simelane, 2017; Danni, 2019; Du et al,, 2021).
Other reasons accounting for illegal dumping includes exorbitant disposal fees and shortage
of landfills, and this is particularly the case in African cities such as Johannesburg (e.g.
Simelane, 2017). In comparison to landfilling, the practice of illegal dumping presents major
environmental problems, especially when it is performed in wetlands. The effect of direct
disposal in water bodies is that it can result in throttling and floods, and this has precedence
in some parts of the world such as China and South Africa (Danni, 2019; Mangoro & Kubanza,
2023). In Europe, dumping in water bodies is often legally protected. For example, dumping
in water bodies is often allowed in Ireland, resulting in the complete disappearance of
wetlands or contamination of aquatic species (Staunton etal., 2015). Therefore, although the
approach to CDW management through dumping offers significant financial incentives to

perpetrators, it is environmentally unsustainable.
3.3. Data Sources and Materials

This paper serves to establish a hybrid methodological approach to CDW management in the
context of SSA, using South Africa as a reference point. Extant literature in the recent two
decades has emphasized that many SSA countries lack consistent, rigorous, and traceable
methodological approaches to CDW management, resulting in massive dumping and
persistent onslaughts on the environment for the extraction of virgin materials for
construction. To gather the information informing this study, a twofold data collection

strategy was adopted.
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3.3.1. Literature Review

First, this study was informed by a systematic review of extant literature on CDW
management on a global, regional, and local scale (South Africa). This review of literature is
imperative because it provides an opportunity to grasp the dynamics involved in CDW
management globally, and this could be profitable in the establishment of an effective
approach for developing countries like South Africa. Literature informing this study was
ultimately derived from several online public access catalogues (OPACs) including Science
Direct, Web of Science, and Jstor. OPACs constitute an effective tool for gathering peer
reviewed literature because they are linked to a variety of peer reviewed scholarly journals.
Considering that OPACs provide a large body of literature across a broad spectrum of
disciplines, several search phrases containing Boolean Operators were deployed to gather
relevant literature. The key search phrases included construction AND demolition waste,
construction OR demolition waste, construction NOT household waste, methods OR
techniques in construction AND demolition waste. A search for literature from the above-
stated OPACs yielded 102 articles. Additional literature informing the study was derived

from online newspapers and websites from a global perspective.
3.3.2. Empirical data

To gain a comprehensive understanding of the current methods used to manage CDW in
South Africa, a questionnaire survey and interviews were deployed among the experts from
non-governmental organisations, construction firms, and municipal and provincial
government bodies in Johannesburg and the Gauteng Province at large. Broadly speaking,
the experts fell within the fields of construction project management, municipal and
provincial environmental management affairs, and environmental conservation. The
recruitment of participants from the above-stated organisations was useful because CDW is
not only involved in construction, but it is also derived from and ultimately discarded into
the environment, generating massive disruptions of natural systems. Using a combination of
purposive and snowball sampling techniques, 45 experts (n=45) were recruited to
participate in the study over 6 months, between 2022 and 2023. Of the 45 experts, 15 (n=15)

were recruited from NGOs, 20 (n=20) from construction firms, 4 (n=4) from the
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Johannesburg Municipality, and 6 (n=6) from the provincial and national environmental
management departments. Furthermore, from the 45 participants in this study, 15 were

interviewed in person while 30 participated through a questionnaire survey.

A combination of purposive and snowball sampling methods was used to recruit participants
for this study. The first step involved identifying persons occupying managerial positions in
the organisations selected for the study, and this was achieved through a rapid search on the
associated websites. Once this purposive sampling strategy was completed, the identified
participants (n=15) were invited to participate in the study and were additionally requested
to recommend potential respondents working in construction or environmental
management and conservation. The process of snowball sampling produced 30 (n=30) other
participants across all the organisations. Since some participants could not avail themselves
for face-to-face interviews, the meetings were conducted virtually (Zoom, Microsoft Teams,
and telephonically). Specifically, 10 participants were interviewed via Zoom, 7 via Microsoft
Teams, and 9 via telephone calls while the rest (19), completed physical questionnaire

surveys.

3.3.3. Data analysis

Data analysis followed a twofold process. First, literature informing this study was rapidly
appraised and meta-analysed to determine articles that focus on methodological approaches
to CDW management. As stated in section 3.2, 102 articles were gathered from the literature
search process across OPACs, but it must be noted that only a fraction of them were relevant
to this study. To determine which articles were relevant to the study, inclusion and exclusion
criteria were developed. All articles focussing fully or peripherally on building waste
management in developed and developing countries formed part of the inclusion criteria,
while those that focussed on construction, in general, were excluded because they had no
bearing on the study. To determine whether articles matched the inclusion or exclusion
criteria, a rapid analysis of abstracts, data, and conclusion sections was conducted, and
ultimately, 62 articles matched the inclusion criteria. Subsequently, these articles were used

to inform the literature review informing this study.
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Data collected through virtual means were transcribed into text format without leaving out
important information. Once this process was completed, all empirical data were combined
and subsequently analysed through thematic analysis. This is a method of analysing
qualitative data by generating codes and themes from textual material. Data were presented

through several graphical means such as pie-charts and tables.

3.4. Results and Analysis

The first set of questions posed in the interviews and questionnaires aimed to unpack the
methods used to manage CDW in South Africa. The biggest theme identified in the participant
responses was that CDW is managed through legitimate disposal in landfills across South
Africa, and this view was shared by all the respondents who participated in the study
(n=100%). Use of landfills for CDW management implies the deposition of ‘waste’ materials
in a dumpsite legitimised by a local authority such as a municipality. The concept of
legitimate disposal teases the idea of ‘correct’ handling of waste, and yet, disposal in a landfill
simply involves the removal of waste from places of generation to spaces hidden from public
view. The challenge with this approach to CDW management is that landfill sites produce
massive quantities of greenhouse gas emissions and leachates that can contaminate the soil
or groundwater. Furthermore, due to its ubiquitous nature, CDW rapidly consumes landfill

space, which necessitates either expansion of existing sites or establishment of new ones.

Further findings from this study suggest that CDW is also managed through illegal dumping
in several locations such as wetlands, roadsides, and hidden spaces across South Africa
(Figure 3.1). Illegal dumping is the practice of disposing of waste materials in spaces that are
not authorised by local authorities, and the key motivation for this activity is to save funds
from the high costs of legitimate disposal in municipal landfills. The standard total cost for
disposal of CDW in municipal landfills in the context of Johannesburg is equivalent to
approximately US$125 per tonne. A clear source of motivation for illegal dumping is
immediately apparent where massive construction projects (large volumes of CDW) are

involved.
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An additional source of motivation for illegal dumping of CDW in South Africa emerges from
the shortage of landfills that permit the legitimate disposal of CDW. A statistical analysis of
this finding shows that the view was supported by 92% of the participants, suggesting that
a shortage of landfills is a major sustainable CDW management problem in South Africa
metropolitans. To illustrate this challenge, we draw upon a view shared by a participant who

stated that:

There are few municipal dumps that accept rubble for disposal, and it is an easy way for illegal

waste removal companies to make money (through dumping).

What is particularly concerning about the above view is that it has a multiplier effect on the
disposal costs faced by construction companies. To better understand this assertion, we
draw upon the case of the City of Johannesburg, where a landfill in the northern areas of the
metropolis that accepted CDW disposal was closed off3. The closure of this strategic landfill
for construction projects in the northern areas of Johannesburg means that companies are
forced to spend larger sums of money to transport CDW to landfills in the southern parts of

the city.

The view of higher transportation costs is shared by 85% of the respondents in this study,
and one participant stated that their construction company spends an equivalent of
approximately US$1 700 to US$ 2 800 per month. This finding suggests that the shortage of
landfills in the major cities of South Africa is both environmentally and financially

unsustainable and requires immediate remediation.

What is particularly interesting about the prevalence of illegal dumping of CDW in South
Africa is that the causes are multifaceted yet connected. According to 45% of the participants
of this study, the dumping of CDW is additionally motivated by greed to maximize profits.
This idea is captured by a participant from a construction company, who was of the view

that:

Companies are not hiring the correct sub-contractors to remove the waste. They just hire cost-

effective but not professional companies.

3 This view is shared by Simelane (2017) on their study in the City of Johannesburg.
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An analysis of this view reveals that there is an intentional effort to clandestinely manage
CDW in order to maximize of profits by sub-contractors engaged to transport waste to
landfills. However, this could also be motivated by the extreme landfill disposal fees stated
earlier. Although sub-contractors can be blamed for advancing the idea of illegal dumping,
the problem also arises from the overdependence on third parties for waste transportation

and disposal by construction companies.

To better understand the CDW management process, the next set of questions through
questionnaires and interviews asked the participants from construction companies who
were responsible for waste transportation to landfills. This investigation observed that all
the construction companies involved in the study (n=100%) hired third parties (sub-
contractors). One participant who had been in the construction sector for 10 years stated

that:
We contract professional disposers, who differ depending on what waste is to be disposed of...

What stands out from this view is that CDW is a collaborative process, and it is through this
network of actors that waste is unsustainably managed. A network of constructors,
demolishers, landfill operators, and ‘professional’ waste remediation organisations is
indicative of determined energies to manage CDW through disposal in landfills, and yet such
a complex system means that auditing of waste management is difficult to achieve. For
example, another question posed to the participants aimed to discover what measures were
taken by construction companies to ensure that CDW reached municipal landfills for
legitimate disposal. From the responses provided, there seem to be synergy between
construction companies and waste transportation firms, because 80% of the informants

stated that there is some form of proof that they require. One participant argued that:

We hire professional parties to do this (collection and transportation) and provide certificates

to prove that it (CDW) has been disposed of correctly.

Although this finding suggests the existence of an organised and effective method or strategy
to manage CDW in South Africa, the reality is that illegal dumping is increasingly becoming

worse due to rapid urban sprawl and poor waste management practices. Figure 3.1
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illustrates the prevalence of illegal dumping of CDW in some parts of Johannesburg, the

biggest producer of building waste in South Africa.

Figure 3.1: An illustration of widespread illegal dumping in Johannesburg

Source: Fieldwork & NGOs photo archive (2021 - 2023).

From the cluster of images in Figure 3.1, it can be observed that illegal dumping of CDW is
prevalent in South Africa’s metropolitan cities such as Johannesburg. In Figure 3.1., illegal
dumping occurs in wetlands and by roadsides and what is common between these locations
is that disposal is easy due to the location of the sites by the roadside. Despite the prevalence
of dumping, however, other participants were of the view that CDW is managed through
circular techniques. This view was shared by 37% of the study participants. Circularity
implies adoption of three measures, namely reduction, reuse, or recycling of material

residues generated from anthropogenic activities such as construction.

According to participants who share this view, large volumes of CDW are recycled. These

participants’ perceptions are summarised by the view that:
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...the majority (of CDW) is recycled where applicable. However, the process is hampered by the

fact that recycling CDW is a time-consuming process.

What is interesting about this finding is that the concept of environmental sustainability
appears to have permeated the South African construction industry, and yet dumping is
increasingly becoming a phenomenon in major cities like Johannesburg. Furthermore,
circularity in the South African construction industry appears to only refer to recycling. This
view is corroborated by the fact that 70% of the study participants from the construction
sector argued that they do not participate in any waste reduction activities. Such a bad
environmental problem is exacerbated by the fact that some municipalities, e.g. in
Johannesburg, are not equipped to achieve circularity in construction. Three officials from

the municipality, representing 7% of the study sample, corroborated this view, stating that:

Those crushers are not working now, but the city is indeed trying to promote the culture of
reuse, recycling, and separation at source. There is also a lack of space for the treatment of

construction and demolition waste, which encourages dumping.

The above view suggests that circularity in a broad sense is no longer a novel strategy for
CDW management in South Africa. However, the operation and maintenance of recycling
machinery presents enormous challenges for poorly funded South African municipalities.
Furthermore, the above view indicates that circularity in the sense of reduction or reuse of
CDW is a huge challenge for a developing country like South Africa because separation at
source is a time-consuming and labour-intensive process that requires large sums of capital

investment.

Additionally, there is a prevalence of mistrust of the quality of recycled aggregates by the
construction sector in South Africa, rendering circularity a pointless activity in South Africa.
The three informants from the City of Johannesburg Municipality capture this view arguing

that:

There is also a challenge that those in the construction industry doubt the quality of recycled
construction material. We usually liaise with the Johannesburg Road Agency for them to use

crushed material in road construction, but they often lament the quality of these aggregates.
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From the above view, recycled aggregates of CDW in South Africa have no ready market, and
there seems to be heavy dependence on some branches of the municipality for the adoption
of recycled material. There is a narrow-minded view that recycled aggregates are acceptable
only for road construction purposes, and this strategy eliminates the usefulness of
circularity. This is because it neglects the original purpose of materials and the energy input
involved in the initial production of the materials. Therefore, circularity as a method for CDW

management in South Africa remains largely sound in theory but weak in implementation.

South African municipalities also adopt unconventional methods of CDW management in the
form of reactive remediation. While reactive remediation is not a scientifically established
methodological approach to waste management, it has been deployed by municipalities such
as Johannesburg. Reactive remediation is an approach to CDW management that follows
dumping hotspots and performs removal of waste for deposition in landfills. It is an approach
to waste management that does not seek prevention of illegal dumping, but to remove waste
that is already dumped. Analysis of empirical evidence gathered from environmental NGOs
that participated in this study reveals that 75% of experts from these organisations knew of
reactive remediation as a key method for CDW management in South Africa. Among the

notable views of experts from NGOs, one stated that:

We have engaged the municipality to remove illegally disposed waste and transport it to the

designated landfills.

It can be seen from the above statement that NGOs work closely with municipalities to
effectively manage CDW in South Africa. However, this finding also reveals that the
municipality lacks strategies to prevent illegal dumping from happening, and instead relies
on reactive remediation for waste removal. Since the dumping of CDW in South African cities
is a longstanding problem, the continued practice of reactive remediation points to the
possibility that local municipalities now have annual budgets set aside just for removal of
illegally dumped waste. This suggests that there is a consensus within the municipality that
reactive remediation is an effective methodological approach to CDW management.
Additionally, although offenders can be fined up to R10 000 if they are caught (City of

Johannesburg, 2018), there is limited policing which further encourages environmental
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crimes such as dumping. This further points to the possibility of heavy dependence on

reactive remediation.

3.5. Towards the Application of Circular Economy and Industrial Ecology as
Methodological Imperatives for Sustainable CDW Management in South Africa.

The current environmental trends, dominated by deteriorating ecosystems, loss of
equilibrium, and extreme weather events caused by anthropogenic activities such as
construction, require an urgent shift from the linear way of production (take, make, and
dispose of) to a more sustainable one. Data and literature informing this study show that
CDW management in South Africa typically follows the linear method. Although there is a
global call for sustainable economic practices through the United Nations Sustainable
Development Goals, there is a lack of scientific studies in South Africa that propose effective
and sustainable construction waste management, and this is even though the sector is among
the most rapidly expanding in the SSA region. This study draws on the concept of the circular
economy (CE), which is founded on three principles namely ‘reduce’, ‘recycle’ or ‘reuse’
waste materials to achieve sustainability. The CE has been used effectively in the global north
due to effective policing and presence of cutting-edge technology, which is not found in South

Africa and the SSA region.

Despite these technological and policy disparities, the CE can be effectively attuned to the
South African realities, especially when circularity has been successfully applied withing
clothing in the region. There is an informal, yet organised system, where used clothing items
from the global north are exported to SSA and reintroduced in the market. For countries in
the global north, this is an effective way of management of textile waste, while in Africa,
masses of economically challenged communities benefit from the purchase and use of
cheaper clothing items. A similar strategy can be formally and systematically adopted by
deploying informal waste reclaimers at landfills to salvage bricks and masonry for sale
(meeting the principles of reduction or reuse of waste). The formalisation of the use of
reclaimers requires the establishment of a system to effectively manage the enterprise.
Figure 3. 2 illustrates a framework that can be adopted to achieve the formalisation of this

concept.
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Figure 3. 2. Generic model for sustainable construction waste management
Source: Researcher (2023).

Figure 3.2 illustrates a model for the formalisation of CDW reclamation at landfill sites in
South Africa. From Figure 3.2, it is essential to establish a municipal database comprising
licenced reclaimers and construction projects in each major city. This would enable the
quantification of construction sites, rendering it achievable to quantify CDW generated in
every city. Furthermore, it makes it possible to quantify the amount of reclaimed CDW. In
addition to this, having a database of licensed reclaimers is crucial for the management of
landfill sites. Landfill sites can be dangerous places because of the haphazard disposal of
waste which could collapse on people; therefore, having only a controlled number of

reclaimers is crucial for safety and maintaining order.

Informal reclamation of bricks and masonry from CDW is not a novel concept in South Africa.
Reclaimers at a landfill in Polokwane City manually retrieve considerable volumes of
reusable bricks for resale (Figure 3.3), which is a huge leap in the direction of circularity in
construction. The limitation of this approach is that it relegates massive volumes of

cementitious mortar and other associated debris into nothing but useless materials. Figure
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3.3 illustrates that this material constitutes a significant part of CDW, and therefore, a

strategy to rematerialize the waste is essential.

Figure 3.3 Reclaiming Construction and Demolition Waste at Landfill in Polokwane
City, South Africa.

Data source: Fieldwork studies (2023).

To eliminate cementitious mortar and other small construction debris, the concept of
Industrial Ecology (IE), kindred to CE, can be deployed as an additional methodological
approach to sustainable CDW management. IE unites different industries across the
economy by sharing waste materials and transforming them into raw materials for other
economic processes (Chertow, 2008). Therefore, instead of downgrading large volumes of
cementitious materials as illustrated in Figure 3.3, the material can be further crushed and
mixed with tonnes of plastic waste from other industries such as retail and manufacturing to
manufacture eco-bricks, paving material, or other products, and reduce dependence on

nature for virgin materials. Thus, in addition to reducing pressure on the environment, the
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proposed approach also reduces costs of construction and creates employment. Table 3.1.
summarises the potential benefits of industrial ecology, justifying the significance of

adopting this methodological framework.

Table 3.1. Potential benefits of Industrial ecology

No Potential benefit

Reduced consumption of raw materials

Employment creation

Reduced pollution

Saves municipal landfill space

Saves energy involved in sourcing raw materials

| U1 B W N =

Creates synergies between industries and increase resource efficiency

3.6. Conclusion

This study was developed from the need to devise a suitable and sustainable methodological
approach to CDW management, with a specific focus on South Africa. To achieve this, a
literature review on a global scale was conducted to establish a general view on how CDW is
currently managed, and to point out the associated weaknesses or challenges engendered in
these methods. In addition to the literature review, a qualitative survey was carried out with
experts from the construction industry, non-governmental organisations, and local
government institutions, to document the methods and approaches to CDW management in
South Africa. This was done with an ultimate view to identify major weaknesses associated

with these methods and approaches and devise a suitable approach.

The findings of this study suggests that in theory, South Africa has minimally adopted the
concept of circularity in construction with a view to sustainably manage CDW and diminish
pressure on the environment. This is through the deployment of machinery for crushing
CDW at some landfills. This approach has been deployed with high success in developed

countries (50 - 90% recycling) such as those in the European Union (Kern et al,, 2015).
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However, in the context of South Africa, the transition to a closed-loop system is bedevilled
by the inability of municipalities to maintain the machinery, which renders the technology
ineffective. Ultimately, the inability of municipalities to maintain the functionality of circular
technologies encourages landfilling, and further extraction of raw materials from the
environment, and defeats the globally acclaimed concept of green construction. Therefore,
while the adoption of CE has revolutionized waste management in construction in developed
countries, the applicability of the approach in developing countries like South Africa in the
current form remains largely problematic. Extant literature on waste management in
developing countries aligns with this assessment, where some studies argue that concepts
and methods emerging from developed countries are largely ineffective in developing

countries (e.g. Kubanza & Simatele, 2017).

The results of the study further suggest that linear methods of waste management are
dominant in South Africa. Linear methods of waste management encourage the ‘take’, ‘make’
and ‘dispose of’ business model, which requires continuous extraction of the earth’s finite
resources. As the findings reveal, methods such as landfilling, reactive remediation, and
illegal dumping are the most used approaches to CDW management in South Africa. Although
these methods are also utilized in developed countries, the literature suggests that this is
more common in developing countries (e.g. Simelane, 2017; Fitchett & Rambuwani, 2022;
Mangoro & Kubanza, 2023). In comparison to the technological approach successfully
deployed in developed countries, these linear methods present significant financial benefits
to construction companies, or third parties contracted for the transportation of CDW to
places of disposal. The dominance of landfilling, reactive remediation, and illegal dumping is
further motivated by a breakdown in city management systems, inadequate financing, and
other cost-related challenges. This is in sharp contrast to the waste management landscape
in developed countries, where processes are controlled by efficient institutions and strong
legal systems (e.g. European Commission, 2008). It is from this perspective that this paper
argues for a unique and tailor-made methodological approach to CDW management in South
Africa, rather than depending on systems that are tailor-made for developed countries. The
approach will ideally be based on an amalgamation of the concepts of industrial ecology and

circular economy as argued in this paper. Even in cases where recycling is achieved, some in
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the South African construction sector remain doubtful of the quality of the recycled
aggregates, which further attests to the invalidity of the Western methods in developing

countries.

Based on the findings of this study, it is argued that South Africa could benefit from a
hybridized approach to CDW management to achieve sustainability. An amalgamation of two
kindred approaches of Circular Economy and Industrial Ecology, with tailor-made
modifications, could provide tangible financial and environmental benefits to CDW
management in South Africa. Informal waste reclamation is a rising economy in South Africa,
although it is largely carried out with regular municipal waste (Samson, 2020; Ramelelle,
2022). The rise of informal waste reclamation could be successfully harnessed to ‘reduce’,
‘recycle’, or ‘reuse’ CDW at South African landfills. To achieve this, several informal waste
pickers could be registered by municipal authorities to reclaim CDW once it is deposited at
landfills. As this study has found, this approach is already in practice at a landfill in the
Limpopo Province, where reclaimers generate income for their subsistence. While this
approach to CDW management encourages landfilling, it also ensures that operational costs
for construction companies are significantly reduced. Literature in this study has revealed
that running heavy-duty industrial CDW recycling technologies requires significant capital
investment, which many construction companies in South Africa cannot afford. Deployment
of informal waste reclaimers could cut costs for construction companies while creating

employment and promoting the circular economy in construction.

The integration of informal waste reclaimers discussed above could potentially help to
significantly reduce ‘waste’ and match the concept of green construction. Yet, the proposed
approach on its own is still permeated by a considerable limitation where significant
volumes of cementitious mortar and other small construction debris cannot be reclaimed
this way. Through the adoption of industrial ecology, the current characterization of
cementitious mortar and other small construction debris as unsalvageable materials can be
mitigated. Through the deployment of low-cost industrial granulators and crushers at South
African landfills, cementitious mortar and other small construction debris can be further
processed into fine aggregates that can be galvanized with plastic waste from other

industries to make eco-paving material used in civil engineering. Therefore, rather than
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deploying paving material manufactured from virgin material, an industrial ecology
approach can be deployed to reduce both the cost of construction and pressure on the

environment.
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CHAPTER FOUR

EMPIRICAL EVIDENCE
Overview of the chapter

This chapter is composed of two papers. One has been published and another is currently
undergoing peer review in accredited journals, and they form part of the empirical evidence
of this study. The significance of this chapter is that it provides empirical data on the
environmental performance of construction and demolition waste (CDW), specifically on
wetland ecosystems in the Gauteng Province of South Africa. This chapter responds to the
‘Studies Question no. 2’ and ‘Objectives II and III’ outlined in Chapter 1. Studies by Fitchett
(2017) and Mangoro & Kubanza (2023) argues that growth in urbanization has increased
the frequency of illegal dumping of waste e.g. CDW, into aquatic ecosystems such as wetlands
in the low-income areas of the Gauteng Province. It is argued that the practice of dumping
CDW in wetlands has significant environmental ramifications, although existing studies only
peripherally refer to this matter. Academic studies on the environmental performance of
CDW in South Africa remain largely scarce or non-existent, and the purpose of the papers
forming this chapter is to reduce this knowledge gap, and the value of these papers is

immediately apparent.

The first paper investigates the effects of CDW on wetland ecosystems in Gauteng, South
Africa. This investigation was informed by semi-structured interviews with experts from
environmental epistemic communities in the City of Johannesburg. The paper also studied
the effects of CDW disposal in wetlands using GIS and Remote Sensing tools, where elevation
changes due to dumping were investigated and mapped for analysis. Several studies
investigate the environmental performance of waste through the lens of toxicity. These
studies are informed by the fact the environmental impact of waste materials can no longer
be viewed in the lens of toxicity alone, but also through the inherent physicality. It is argued
that the approach to pollution or environmental risk through the lens of toxicity is
conceptually limited and does not consider that pollution can occur through the physicality

of waste materials.
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This paper argues that, despite the general lack of active chemicals embedded in much of
CDW, its effects on the environment, especially wetlands, can be through its inherent
physicality and ubiquity which can cause massive sedimentation and disrupt the ability of
wetlands to provide habitat, sequester carbon, filter water, and attenuate floods among other
functions. It is ultimately concluded there is a need for legislation, policies and applicable
norms and standards to enable implementation and/ or enforcement to hold stakeholders
accountable. It also argued that there is a need for more investment in recycling technologies
to reduce the reliability of landfills or the environment for virgin construction materials. It
is also recommended that a multi-stakeholder management programme should be
formulated for waste management and to enhance environmental sustainability. Lastly, as
previously argued in the preceding chapters, there is a need for the formation of an online

based platform for CDW management, where data sharing is the central tenet.

The second study deploys remote sensing datasets to investigate and quantify land use and
land cover changes in Diepsloot and Tembisa from the year 2000 to 2020, to predict the state
of wetlands by 2040. The contribution of this paper to this study is to demonstrate that
construction and CDW can cause massive damage to the environment (specifically wetlands)
outside of the concept of toxicity which generally informs waste classification in South Africa.
The results of this investigation suggest that if the levels of dumping in the last twenty years
(2000 to 2020) continue the same trajectory, wetlands in the study area will almost
completely disappear by year 2040. It is argued that construction and CDW pose significant
risks to the existence of wetlands or their ability to provide ecosystem services which include
among others, flood attenuation, carbon sequestration, water filtration, and water recharge
to rivers. For humanity, this has far-reaching consequences, because construction and the
related waste disrupts services such as provision of food, water, and cultural functions
among others (see Mandishona & Knight, 2022). It is concluded that a study of this nature is
crucial in a water-scarce country like South Africa because it provides a basis for proactive

management and decision-making.
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Paper No 3.

Assessing the Effects of Construction and Demolition Waste on Wetland
Functionality in Gauteng, South Africa%.

Abstract

The global construction sector has grown significantly in recent decades due to rapid
urbanization and population growth. The growth of the sector spells many positive
possibilities for humanity and the world economy in terms of trade, employment, profits,
and global cohesion, among other things. However, the construction sector poses serious
threats to the environment particularly through materials extraction, rapid waste
generation, and poor handling practices building materials. This paper assesses the effects
of construction and demolition waste on wetland ecosystems in the context of the Gauteng
Province of South Africa. It uses a mixed-method studies approach of semi-structured
interviews, and remote sensing methods to investigate the effects of construction and
demolition waste in the context of Diepsloot and Tembisa, located in the City of
Johannesburg and the City of Ekurhuleni Municipalities. It is argued that CDW is a massive
anthropogenic pollutant that affects wetlands through its physicality and mineralogical
profile. The study finds that CDW causes disruption of water discharge, water pollution,
species and habitat loss, and flooding, and contributes massively to the undesired global
trend of wetland deterioration and disappearance. With these findings, it is concluded that
CDW management in developing countries requires urgent transformation, particularly
regarding policy, law enforcement, and changes in attitude towards waste by the

construction sector, among other things.

Keywords: Construction and demolition waste, wetlands, deposition, remote sensing,

environment.

% This paper is under consideration in the Global Environmental Change Journal: Mangoro, N.,
Kubanza, N.S. & Simatele, M.D. (2024). Assessing the Effects of Construction and Demolition
Waste on Wetland Functionality in Gauteng, South Africa.
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4.1. Introduction

The construction sector is one of the largest and most rapidly expanding sectors of the global
economy in the 21st century (Govindan et al.,, 2016; Mehran, 2016; Gurney et al., 2021). The
expansion of the sector is evident through rapid urbanisation across the world, which
demands new construction or expansion of existing infrastructure (Ahmad et al.,, 2019;
Zhang et al., 2021). Recent studies forecast that the construction sector will expand to a
global output of approximately US$13.3 trillion by 2025 and US$15.2 trillion per annum by
the year 2030 (Gurney et al., 2021). These figures suggest a high level of global commitment
to the development of economic and social infrastructures. Based on the current global
construction trends, some observers have already drawn attention to the possibility that the
construction sector will soon become the mainstay of the global economy (Turner &
Townsend, 2018; Gurney et al., 2021). The realization of this prediction spells many positive
possibilities for humanity and the world economy in terms of trade, employment, profits,

and global cohesion, among other things.

However, the problem with the growth of the construction sector is that it poses serious
threats to the environment. For example, associated problems of water, soil, and
atmospheric pollution by construction and demolition waste (CDW) have been reported in
many parts of the world (e.g. Fitchett, 2017; Mohammed and Elias, 2017; Kaluarachchi et al.,
2021; Mehra et al, 2022; Rangecroft et al., 2023), and this is partly because of the
consumptive and wasteful nature of the industry (Guerra et al., 2021). Studies suggest that
the construction industry consumes approximately 3 billion tonnes of natural resources per
year in the global economy (Guerra et al., 2021; Mehra et al., 2022). This figure points to a
rapid expansion of the construction sector to meet the rising needs of human processes.
However, this figure appears to be very conservative considering a study by the United
Nations (UN) several years prior. In this study, it was established that the world construction
sector utilizes approximately 40 to 50 billion tonnes of sand and aggregates per annum, with
a substantial projection of up to 60 billion tonnes by 2030 (UNEP, 2019). Such a huge
disparity in the quantities of construction materials suggests a lack of rigorous and accurate

quantitative methods to measure the combined total of raw materials in the global
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construction sector. Despite the lack of consensus among scholars, the intrusion by humanity
into the natural environment for raw construction materials is an environmentally
disruptive process because it involves massive earthworks, rock harvesting, and forest
clearance, which impedes the ability of nature to perform its functions (see Steinfeld &
Kingsford, 2013; Mathodi et al., 2020; Luo et al., 2021; Bogoviku & Waldmann, 2021). The
biggest environmental concern, however, emerges from the fact that the construction sector
alone generates approximately one-third of the global waste output from economic
activities, and about 40% of the global carbon dioxide emissions (Papargyropoulou et al.,
2011; Miller, 2021). A high output of carbon dioxide emissions contributes significantly to
global warming and general ecological imbalances that characterize the Anthropocene

epoch.

In response to the rising environment-related problems from CDW, policies have emerged
in the last decade, which demonstrate a strong commitment to mitigating emergent issues,
particularly in developed countries. An example is that the European Union (EU)
promulgated the ‘EU Waste Framework Directive 2008/98/EC’ to encourage transition to
the circular economy in construction and other industries (European Commission, 2008). By
design, the concept of circularity encourages the reduction, recycling, or reuse of materials
to eliminate or reduce waste, and limit the extraction of virgin materials from the
environment (Kirchherr etal.,, 2017). Ultimately, players in the European Union construction
sector have responded massively to policy demands, recycling over 70% of CDW by 2020
(see Castell-Rudenhausen et al., 2020). The expansion of the recycling economy suggests a
reduction of illicit waste economies in the European Union through elimination of unwanted
materials. However, investigators observed that the European construction sector was
sceptical of the quality of recycled aggregates, resulting in the accumulation of circularized
materials across the continent (Park & Tucker, 2016; Katerusha, 2021). To mitigate this
problem, the European Union additionally promulgated the ‘EU Construction and Demolition
Waste Management Protocol’, which aims to increase confidence in the quality of recycled
aggregates (European Commission, 2018), while debates continue to emerge about the
formulation of the best strategies to sustainably conduct construction. The reactive

promulgation of policy to address the CDW management-related problems (through policy)
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indicates a strong, coordinated, and collaborative stance to eradicate or minimize the

negative environmental effects of construction materials.

In contrast to the European Union’s approach to CDW management’s environmental
challenges, governments in developing countries, especially those in sub-Saharan Africa
(SSA) lack financing or investments. Several studies in the SSA region corroborate this view,
and the key argument presented by investigators is that the region lacks robust waste
management frameworks and potent governance systems (e.g. Nyika et al., 2019; Godfrey et
al,, 2019; Mangoro & Kubanza, 2023). An example is drawn from the South African Waste
Act (No. 59 0f 2008), where CDW is regarded as ‘general waste’ that does not require special
treatment. The problem with this classification is that it bars opportunities for allocation of
special funding for treatment or general management of the waste stream. Furthermore,
waste studies in SSA hold the consensus that weak policy motivates massive illegal dumping,
particularly in secluded or isolated environments (e.g. Fitchett, 2017, Godfrey et al., 2019;
Mangoro & Kubanza, 2023).

Considering the above, it is apparent that CDW poses massive threats to the environment
especially in the absence of collaborative and well-coordinated waste management
approaches. Yet, in the SSA context, scholarly attention to CDW management environmental
problems is very limited, particularly on how the waste stream affects riverine ecosystems
such as wetlands. This is a major study gap, because wetlands are fast disappearing in SSA
despite their ecological contribution, due to massive illegal dumping or other human
activities such as agriculture (e.g. Mandishona & Knight, 2022). Wetland ecosystems play an
essential role in earth processes such as flood attenuation, providing habitat and water to
various species, and reducing atmospheric carbon dioxide among other roles (Ehrenfeld,
2000; Lolu et al.,, 2018; Rangecroft et al., 2021). Based on this, a lack of studies on how
wetlands are affected by human processes requires urgent scholarly attention. Using the
Gauteng Province of South Africa as a case study, this article assesses the effects of the
deposition of CDW on wetland ecosystems using qualitative surveys and spatial information
technologies. With this goal in mind, the major objective of this study is to provide critical
perspectives for sustainable management of CDW in South Africa and to propose strategies

for sustainable management of wetlands in urbanizing contexts. Since no previous study has
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investigated this problem in the region, the findings of this investigation can be used as a
template for CDOW management and wetland conservation in SSA, and the value of the study

is immediately apparent.

4.2. A synthesis of the literature on the environmental performance of CDW in
developed and developing countries.

Studies on CDW in both developed and developing countries explain that it is a highly
heterogeneous, ubiquitous, and voluminous waste stream (Aboginije et al., 2020). This is
because construction processes involve many distinctive materials with different chemical
and physical properties such as cement, gypsum, glass, plastic, soil, wood, and metal, which
affect the environment in distinctive ways (Muigai et al., 2013; Aboginije et al.,, 2020). This
nature of CDW presents urban managers in developed and developing countries with major
administrative challenges, and this typically manifests through illegal dumping on a massive
scale (e.g. Fitchett, 2017; Elshaboury & Marzouk, 2019). Such a problem arises from the fact
that heterogeneous CDW requires massive capital investment for separation, treatment, or
transportation and disposal (Ferronato & Torretta, 2019). In the absence of strong and
coherent waste management systems such as in developing countries, the environment
bears the brunt through illegal dumping and disposal without pre-treatment (Elshaboury &
Marzouk, 2020). Despite being a global scale nuisance, CDW presents stronger
environmental and administrative problems in developing countries more than in
developing countries, because much of the solid waste management concepts and
technologies emanate from the global north. The problem with this model of waste
governance is that developed and developing countries have strong technological and

financial disparities, with the latter being very poor.

Most studies on CDW advance the idea that the waste stream can cause environmental
degradation on a massive scale. A synthesis of the literature on this subject suggests that
CDW can affect the environment in its four temporalities of water, air, land, and
subterranean localities, making it a potent source of pollution (Kaluarachchi et al., 2022; US-
Environmental Protection Agency, 2022; Mehra et al,, 2022). To illustrate these problems,

scholars have in the past two decades consistently shown that CDW can cause massive
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atmospheric pollution through fine dust dispersion from demolition sites (Kaluarachchi et
al,, 2022; US-Environmental Protection Agency, 2022; Earth5R, 2023). Examples of this can
be drawn from case studies in the United States of America, Sri Lanka, India, and South Africa
(see Kaluarachchi et al.,, 2022; US-Environmental Protection Agency, 2022; Earth5R, 2023).
Drawing from the United States, CDW dust is reported to have contributed to regional haze
formation, nutrient loading algal blooms in marine environments, and plant deaths in New
Hampshire (New Hampshire Department of Environmental Services, 2018). Similarly, an
investigator working in an Indian case study observed that construction dust comprised
38% of particulate matter dust with a diameter of less than 10mm in the atmosphere in Delhi,
and 70% of atmospheric pollutants in Mumbai, rendering the Indian atmosphere highly
polluted (Earth5R, 2023). Similar questions have been raised in South Africa, and it was
observed that CDW dust from road construction sites causes the deterioration of vegetation
(Al Festus, 2019). These findings support the notion that CDW is a massive environmental

pollutant that requires urgent attention.

Other investigators examined the environmental effects of fugitive CDW dust on a planetary
scale perspective. These investigators observed that atmospheric CDW dust dispersion
generally affects the radiative capacity of the earth, alters rainfall trends, or disrupts
biogeochemical cycles, to cause among other things, a greenhouse effect and global warming
(Rohracher, 2001; Darkwah et al., 2018). This is a radical scientific discovery because the
greenhouse effect and global warming can cause long-term disruption of Earth’s systems
long after contemporary generations. But what precisely does the greenhouse effect do?
Studies has established that the greenhouse effect traps solar radiation in the earth’s
atmosphere and traps excessive atmospheric heat which makes the planet unfit for earth’s
life and systems (Khan, 2017). From this perspective, it can be argued that atmospheric
pollution from CDW dust can have severe environmental effects with the ability to affect

earth’s life and systems long after current generations.

On the other hand, the environmental effects of construction and its waste (CDW) cannot
only be viewed in the perspective of atmospheric pollution, and to illustrate this, we draw
upon empirical studies across the globe. Surveys, such as those conducted by Muigai et al.

(2013), show that even the extraction process of construction materials from the
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environment, and their subsequent handling to produce final building products, can have
negative effects on the environment. According to Muigai et al.’s (2013) survey, roughly
39.7Mt of raw materials were extracted from nature in South Africa between 2005 and 2008
to produce concrete alone, and the procedure generated 4.92 x 10° kg of carbon-dioxide
equivalent (CO2-e). These outcomes support prior findings of the Energy Report (2010), that
the manufacturing of building aggregates produces an average of 8.1kg of CO2 equivalent in
South Africa. Such pollution is primarily caused by the breakdown of limestone (CaCO3) to
calcium oxide (Ca0) and the combustion of coal for the energy required in the manufacturing
process (Association of Cementitious Material Producers, 2011). To further support these
empirical findings, studies in the Global North suggests that the construction sector in the
United Kingdom consumes approximately 170 million tonnes of materials for construction
per year (Mehra et al, 2022). A greater fraction of this material (125 million tonnes)
comprises quarry products, where approximately 6 million tonnes of energy is consumed in
the manufacturing process, whereas 23 million tonnes of carbon dioxide disperses into the
atmosphere during the same process (Mehra etal.,, 2022). What these findings suggest is that
the extraction and handling processes of construction materials has a significant global

warming potential.

While investigating atmospheric pollution from construction projects is a continuing
concern within the field of environmental studies, other observers have drawn attention to
the disruptive tendencies of CDW in marine environments. Studies in Germany, Canada,
South Africa, Sri Lanka, and Ethiopia demonstrate that sediments from construction sites
often migrate to rivers through water and wind erosion, and ultimately cause water pollution
and disruption of river drainage and discharge (SA-DEA, 1998; Ministry of Environment-
British Colombia, 1999; Fitchett, 2017). This is supported by an empirically grounded study
on the subject, which concluded that wetland pollution with CDW has far-reaching
ramifications for riverine biomes. In this study, scholars argue that bodily encounters with
CDW by aquatic species cause ingestion and migration of toxic trace elements into biological
systems, and cause significant harm known through bioaccumulation. This view emerges
from Staunton et al.’s (2014) study, which discovered that Deroceras reticulatum (a type of

slug) from wetlands infilled with CDW in Ireland were significantly contaminated by

79| Page



elements such as copper, thallium, antimony, arsenic, and barium among others, which
biologically accumulated over extended periods. The significance of these findings was
confirmed in an experimental study in Bangladesh, which revealed that just two weeks of
exposure of fish to water contaminated with arsenic causes noticeable ‘morphological
abnormalities and deformities...” (Rabbane et al., 2022). Conclusions from these empirical
studies challenge the widely held view that CDW is inert or chemically inactive and therefore

causes no harm to the environment.

It is imperative to note that the issue of water pollution from CDW continues to grow in
significance, especially in view of recent findings by Tau et al. (2021). In this study, it is
observed that 30% of construction wastewater is discarded into the environment in
developed countries without treatment, whereas in developing countries, the figure
exponentially rises to 90% (Tau et al,, 2021). These results are noteworthy because they
corroborate conclusions from earlier studies noting that construction generates high
volumes of toxic sediment and silt (e.g. SA Department of Environmental Affairs, 1998; Elias,
2017). An investigation into the Ethiopian Rivers of Akaki, Kebena, and Bulbula showed that
waste migrating from construction sites contributed to massive pollution going beyond
permissible levels (Elias, 2017). These findings emphasize that CDW has increasingly

become an urban environmental challenge in cases where management lacks rigour.

Although the above issues are of major environmental concern, it is important to note that
CDW causes other types of massive disruption of marine and freshwater systems. Several
studies have found that CDW can reduce sunlight penetration into marine and freshwater
ecosystems (SA Department of Environmental Affairs, 1998; Elias, 2017; Gardner et al,,
2019). Drawing on a study by Gardner et al. (2019), the presence of CDW materials in marine
ecosystems reduces sunlight penetration into river currents and reduces the rate of
decomposition of organic matter. From a viewpoint of marine life, a shortage of sunlight
negatively affects the development of algae and other marine plants which provide food for
various marine organisms (e.g. Dountchev et al,, 2017). Accompanying this problem is the
fact that CDW pollution affects river drainage, causes artificial floods, and disrupts migration

patterns of marine organisms (Dountchev et al., 2017; Jikeka et al., 2019). Based on these
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findings, it can be argued that water pollution from CDW can have significant effects that go

beyond human systems.

Other global data-based studies have shifted attention to cases of soil pollution from CDW.
Scholars focusing on this problem communicate that toxic CDW substances including oils
and cementitious materials can contaminate the soil with various materials including
‘forever chemicals’ (see Muigai et al., 2013; Agbede et al., 2022; Chamberlain et al,, 2022).
‘Forever’ contaminants cause major environmental anxieties to researchers and
policymakers because they last beyond human time and exist in geological timeframes, while
their remediation only shifts materials in space rather than permanently destroying them
(Liboiron, 2016; Gray-Cosgrove et al., 2015). To support this argument, reference can be
made to an Australian study by Chamberlain et al. (2022), who espouse that CDW can
contaminate the soil with per- and polyfluorinated alkyl substances which can last forever

in the affected landscape.

Other scholars argue that per- and polyfluorinated alkyl substances are crucial in
construction because they ‘repel water, dirt, and grease..” which makes it difficult to
eliminate them from building processes (Buck et al., 2011). On further analysis, these
substances are crucial in construction but when deposited in soils, they prevent water
percolation and subterranean gaseous exchange because of the embedded waterproof
nature. Debnathi et al. (2019) and Hwang & Yeo (2011) support these findings, arguing that
CDW drastically contaminates the soil by increasing its acidity or alkalinity, biochemical
oxygen demand (BOD), and total dissolved solids (TDS). Based on these investigations, land
contamination from CDW is calamitous to the environment because healthy soils are

essential for environmental systems and maintenance of equilibrium.

Additionally, the deposition of CDW onto certain types of soils has special negative effects on
groundwater quality. Dissolved CDW waste minerals such as arsenic, chromium, petroleum,
and copper concentrations can pollute groundwater through the process of infiltration (see
Emmanuel et al, 2014; Galitskova, 2019). A scientific analysis of the effects of CDW on light
grain soils in the Samara Region of Russia indicated that pollutants such as petroleum

products used in construction can exist in the soil for long periods, and gradually release
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them into groundwater (Galitskova, 2019). This is environmentally hazardous in the affected
area, and in the broader context of groundwater conservation, infiltration of CDW toxins is a
big problem, especially because construction uses about 15% of the earth’s freshwater (see
Othman, 2009). Considering that only 3% of earth's water is scientifically considered fresh,

the problem of CDW pollution requires urgent attention.

The environmental concerns discussed so far tend to be focused on the mineralogical
compositions of CDW and how they disrupt environmental systems. However, it is important
to note that the effects of CDW on the environment cannot be viewed only through the lens
of their chemical profiles and their ability to pollute. In this perspective, a considerable
number of scholars agree that CDW is a concern for the environment, because it rapidly
consumes space which can be profitably utilized for other purposes in developed and
developing countries (see Macozoma, 2006; Aboginije et al, 2020). Given that many
developing countries largely depend on landfilling as a way of managing CDW, the use of
landfills poses high risks to the environment, especially because in some regions like Asia, it
takes up over 50% of available space (Hwang & Yeo, 2011). While many scholars stress the
argument of rapid land cover of CDW, existing studies have completely overlooked the fact
that landfilling simply congregates waste from various construction sites and causes more
potent environmental problems. Arguing in the context of pesticides, Balayannis (2018)
concluded that the removal of synthetic chemicals from places of storage to disposal
locations simply entails removal from public view, but the pollution remains. Similar
arguments can be deployed in the case of CDW management through landfill disposal
because local governments in SSA are more concerned with removal and disposal in
permitted sites. Disposal in landfills, however, only intensifies cycles of soil, air, and water

pollution.

Even though the literature reviewed in this study provides considerable knowledge about
the environmental performance of CDW, limited studies have been done in SSA countries
like South Africa to examine its effects on wetlands. Wetlands are the most targeted
environments for dumping CDW in South Africa, despite their significance in earth processes.
Such a gap in literature attracts studies' attention, particularly in the context of the

increasingly devastating effects of climate change. The era of climate change requires a
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multifaceted approach to the effects of anthropogenic pollution. In a period of increased
significance of adherence to life within planetary boundaries, wetlands have become
increasingly important and therefore are worth conserving. Studies have established that
wetlands provide humanity with protein, water, and fertile ground for agricultural purposes
(e.g. Mandishona & Knight, 2022). Other scholars posit that wetlands provide habitat and
food to marine organisms, perform water filtration, minimize flood risks, and act as carbon
sinks among other things (Ehrenfeld, 2000; Lolu et al., 2020; Mandishona & Knight, 2022;
Rangecroft et al, 2023). Therefore, it can be argued that wetlands are of multi-layered
significance to earth systems, and given this background, this study assesses the effects of
CDW on wetland ecosystems, using the Gauteng province of South Africa as a case study.
Studies of this nature provide the much-needed awareness of the effects of CDW dumping

on these important ecosystems, and the possible solutions.

4.3. Materials and methods

4.3.1. Study area

This study is based on a multi-sited ethnography in Diepsloot (25.9396°S, 28.0128°E) and
Tembisa (26.0093°S, 28.2181°E) in the Gauteng Province of South Africa. The two case
studies fall under the City of Johannesburg Municipality and the City of Ekurhuleni
Municipality respectively (Figure 1.1). The study areas adopted an apartheid settlement
style, which sought to segregate Black from White communities during the colonial period
(Benit-Gbaffou, 2002; Benit-Gbaffou et al., 2013). The settlements are characterized by both

formal and informal settlements, which mushroomed particularly in the last 20 years.

The two settlements are situated in a catchment area formed by permanent water bodies
such as the Jukskei, Diepsloot, and Kaalspruit Rivers, and their tributaries. This hydrological
system is also typified by heavily polluted wetlands (Figure 4.1), with seasonal flooding in
the recent decade (Fitchett, 2017; Mangoro & Kubanza, 2023). In some areas, the wetlands
constitute a habitat for the near-threatened African Giant Bullfrog (Pyxicephalus adspersus)
species (Yetman & Ferguson, 2011; Mangoro & Kubanza, 2023), whereas the riparian zones

are home to the Grass owl (Tyto capensis), making the study region an ecologically sensitive
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region (Envirolution Consulting, 2018). In terms of geology, the study area falls within the
Savana Egoli Granite Grassland, with moderately sloping terrain and low hills, which is
crucial for river drainage and erosion. Additionally, the associated vegetation is the tall
Hyparrhenia hirta (Mucina & Rutherford, 2006), making the study area a highly
heterogeneous environment. The climate is typified by dry winters and an annual average

rainfall of 680mm (Mucina & Rutherford, 2006).

ity of ;»
hanneshur

Spatial Reference: WGS 1984 UTM Zone 28S

Figure 4.1 Location of the study area and the associated hydrological systems in the

Gauteng Province.

Source of Map: Researcher, 2023.
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4.3.2. Data collection and analysis

This article is informed by both primary and secondary data sources. The primary data was
collected between October 2022 and June 2023 in the Gauteng Province of South Africa
(Diepsloot & Tembisa). To acquire primary data, the study deployed a multi-sited
ethnography based on participatory action studies. Semi-structured questionnaires and
virtual interviews were deployed to explore the perspectives of study participants on the
effects of CDW dumping on wetland ecosystems in the study areas. Study participants were
recruited through a purposive sampling strategy from four epistemic communities. Once the
sampling strategy was decided, participants were drawn from 20 environmental non-
governmental organizations (e-NGOs) in Johannesburg. Participants were also recruited
from the Johannesburg Metropolitan Municipality (JMM), the Provincial Government
Department called ‘Gauteng Department of Agriculture and Rural Development’ GDARD, and
the Department of Forestry, Fisheries and the Environment (DFFE).

The purposive sampling strategy deployed in participant recruitment was based on the
principle that each participant had at least 3 years of professional experience in
environmental conservation or management. This was a crucial principle because the
participants were required to have reasonable professional experience to produce
adequately informed perspectives. However, because either most of the epistemic
communities did not have websites, or they lacked detailed organograms where purposive
sampling could be deployed to recruit participants with over 3 years of professional
experience, snowball sampling was used as a complementary tool to identify participants.
Therefore, the participants recruited through purposive sampling were asked to identify
potential participants who suited the recruitment criteria. Once the recruitment process was
completed, the distribution of participants from each epistemic community were as follows,

GDARD (n=3), JMM (n=3), DFFE (n=3), and e-NGOs (n=24).

The interview schedule/questionnaire administered to the participants was largely
homogenous in terms of the questions. Generally, the questions were carefully designed to
capture perceptions on how CDW is managed and how it ended up in wetlands in the study

areas. However, a small fraction of questions was ‘community’ specific since each class of
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organisation would have specialized portfolios distinctive from those of the others. The
decision to deploy questionnaires and virtual interviews was considered suitable for the
study because the experts were not easily accessible due to busy work schedules in the
period of economic recovery in the aftermath of the Covid-19 pandemic. Finally, the data
were processed and analysed using thematic analysis, which identifies codes and themes

from the collected qualitative data (Braun & Clarke, 2019).

In addition to the primary data, this study was informed by existing literature on the effects
of CDW on the environment, focusing on the context of both developed and developing
countries, since the effects of CDW on the environment are universal. The process of
searching for literature was conducted between December 2022 and May 2023. Literature
was drawn from a rigorous search in library databases from the following universities: the
University of the Witwatersrand, the University of Johannesburg, the University of Pretoria,
the University of the Western Cape, and the University of KwaZulu-Natal. In addition, other
study articles were drawn from internet-based data engines such as Google Scholar, Bing,
Yahoo, Web of Science, Scopus, and Science Direct. The literature was searched using the
keywords such as ‘environmental performance of CDW’, ‘effects of dumping CDW on the
environment’ and ‘environmental effects of construction’. This process produced 98 articles
which were appraised to determine articles suitable for use in the study. The appraisal was
based on the 4 major variables including date of publication, study outcomes, location of
study, and strictness of peer reviewed studies. The peer reviewed articles were required to
be published between year 2000 and 2023 because this is the period of fast urban sprawl in
South Africa (Mangoro et al, 2024). In terms of the study outcomes, the articles were
required to be data-driven and clearly state the outcome of the analysis. In addition to this,
the articles were supposed to be spread over both developed and developing countries in
the global north and south to capture the state of CDW environmental impacts across the
globe. Finally, all articles were required to be peer reviewed, to inform the studies with high-
quality perspectives. Once this appraisal was complete, only 27 articles met the inclusion

criteria.
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4.3.3. Remote sensing

The Digital Elevation Model (DEM) mapping technique was deployed to detect changes in
the wetlands in Diepsloot and Tembisa. A DEM is an image representation of the earth’s
topographic surface which excludes buildings, trees, and other surface objects. It provides a
base dataset that can be manipulated to produce topographic elevations of a given location
(Wechsler, 2003). Given the capabilities of DEMs in mapping the earth’s surface, digital
elevation modelling analysis can be performed on riverine environments such as rivers and
wetlands and is particularly effective where massive deposition of solid matter is involved.
This is because the deposition of solid matter (especially in large volumes) affects the
elevation of a given landform. Therefore, it is possible to detect and map areas of erosion and

deposition of matter in riverine environments such as wetlands and rivers (Wechsler, 2003).

DEMs were generated on a 10-year interval (2000, 2010 & 2020) to ensure maximum
detection and mapping of change in the selected wetlands. Shorter intervals would have
provided insufficient opportunity for detectable change, making the objectives of this study
difficult to meet. Data manipulation was conducted using several different software. First,
the Google Earth Pro application was used to generate klm files for the years 2000, 2010 and
2020 over each study area. The klm files were subsequently imported into a Global
Positioning System (GPS) Visualizer application to convert them into the txt file format
readable in the ArcMap software. The ArcGIS Pro 3.2.1 software was crucial in the data
manipulation process because of its capabilities in processing different types of files. Once
the text files were incorporated into the ArcMap software, the files were converted into
raster DEM files using the natural neighbour interpolation method (in ArcMap). (The
advantage of natural neighbour interpolation is that it handles large numbers of sample
points more efficiently). It was then possible to generate a DEM of Difference (DOD) of 2000
to 2010 and 2010 to 2020, using a Raster Calculator in ArcMap. The high values will
represent deposition while the lower values will show erosion. To depict a clearer picture,
the DOD was reclassified into two classes using the 3D analyst tool in ArcMap (which was
done to group certain values together). One group was for deposition and the other for

erosion. All the negative values will be in one class, zero to negative (erosion) while the
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positive values will be in another class, zero to positive (deposition). The results of this

process are presented in the following section.

4.4. Results and analysis

Depending on location, biota, and geomorphology, wetlands provide distinctive ecosystem
services and ecological functions to humanity and nature. As this article is based on the
effects of CDW on wetlands, it was necessary to understand their ecological significance. This
is crucial because it provides the basis on which to understand the effects of the intrusion of
CDW into these ecosystems. As such, a question asking the respondents from e-NGOs to
outline the specific functions of wetlands in the study area was posed. Table 4.1 illustrates

the results.
Table 4.1. Perceptions of the ecological significance of wetlands
Wetland function Number of respondents | Percentage Fraction

Habitat for endangered 14 42.4%
species (e.g., bullfrogs)

Water purification 7 21.2%
Mitigating floods 7 21.2%
Water reserve 5 15.1%
Total no of respondents 33 100%

Source: Field based material (2022 - 2023).

An analysis of the results in Table 4.1 reveals that all the participants (100%) from
environmental e-NGOs understood the context-specific significance of wetlands in the study
area. The knowledge can be traced to participants’ long-standing experience in
environmental conservation in the study area. From Table 4.1, it can be observed that the
majority of the participants (42.4%) were of the view that wetlands in the study area
provided a habitat for aquatic organisms such as the endangered African Bullfrog
(Pyxicephalus adspersus), whereas further analysis of the results in Table 4.1 demonstrates
that the minority of the participants viewed wetlands in the study area as significant for

water purification (21.2%), water reserves (15.1%), and mitigation of floods (21.2%). From
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these perceptions, it is apparent that wetlands in the study area play an important role in the

aquatic ecology of the area.

Since solid waste dumping in wetlands in the study area is not restricted to CDW, it was
regarded as important to investigate what varieties of solid waste are involved in
environmental crimes in the area. Participants were therefore asked to state the waste
streams involved in environmental crimes in the area. The results of this investigation are

illustrated in Table 4.2.

Table 4.2 Participants’ Perception of most-dumped waste streams in wetlands

Waste Stream Number of respondents | Percentage fraction
Construction and 18 54.5%
demolition waste

Household waste (food, 11 33.3%
plastics etc.)

Tyres 2 6.0%
Mining waste (heavy 1 3.03%
metals which Kkilled fish).

Garden waste 1 3.03%
Total no of respondents 33 100%

Source: Field based materials (2022 - 2023).

The results obtained from the qualitative analysis of data in Table 4.2 suggest that CDW is
the largest waste stream illegally dumped in wetlands across the study area. This position is
shared by 54.5% of study participants from the environmental NGOs that participated in the
study. Despite the dominance of CDW as a waste stream illegally disposed of in wetlands, it
is essential to note that household waste (33.3%), tyres (6.0%), mining waste (3.03%) and
garden waste (3.03%) also form part of the materials that are deposited in wetlands in the
study area. Despite the variability of waste streams listed in Table 4.2, what is noteworthy is
the consensus that dumping in wetlands is a huge challenge in the study area. Based on these
perceptions alone, it is not an exaggeration to state that wetlands in the study area are highly

contaminated by waste materials.
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To determine the effects of CDW on wetlands in the study area, participants were asked to
state their perceptions on the matter. However, it is important to note that the participants
did not perform eco-toxicological analyses of the effects of CDW in wetlands; rather the
perceptions were based on visual observations and the long-term professional experience
(verifiable using quantitative methods) in environmental conservation in the study area.

Figure 4.2 illustrates participant perceptions of the effects of CDW on wetlands in the study

area.
Table 4.3. Effects of CDW dumping on wetlands
Perception No of participants Percentage (%) total
Water Pollution 3 9
Habitat loss 6 18
Flooding 8 23
Riparian vegetation loss 3 9
Increase in atmospheric Co2 4 13
Species loss 5 14
Diversion of river and 5 14
wetland channels
Total 34 100

Source: Field data (2022 - 2023).

The data presented in Table 4.3 suggests a consensus among the key participants that CDW
can negatively affect wetlands. The drainage of wetlands and the rivers they connect with is
essentially dependent on the absence of heavy sediments, which can disrupt their natural
functions. From the data presented in Table 4.3, most of the participants alluded to flooding
as one of the major effects of CDW dumping in wetland ecosystems in the study area, while
18% stated that habitat loss is also an effect. In addition to this, some experts observed that
the frequent disposal of CDW in wetlands also causes the diversion of channels (14%) and
loss of species (14%). It is interesting to note that only 9% of the experts alluded to water

pollution and riparian vegetation loss as the outcomes of illegal dumping of CDW in
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wetlands, despite the obviousness of the problem on first sight of the water bodies. One
participant with 15 years of professional experience in summed up the effects of CDW on

wetlands in the study area.

Dumping (of CDW) in wetlands causes loss of natural catchment areas which results in
flooding. Also, dumping in wetlands negatively affects plant life in wetlands. The loss of

wetlands causes an increase in carbon dioxide emissions and...loss of species.

The above quotation indicates two important things. Firstly, wetlands in the study area have
undergone significant deterioration due to widespread dumping. Additionally, the quotation
suggests that the participants were thoroughly aware of the state of wetlands in the study
area. What is peculiar about the results in Table 4.3 is that only 9% of the participants
believed that CDW causes water pollution, and yet when further asked about the state of
water quality in the wetlands, most participants believed that the quality is bad. Table 4.4

illustrates the participant perceptions on this issue.

Table 4.4: Respondent perceptions on the state of wetland water quality

No of Water
respondents Percentage quality Explanation
9 27.3% Poor Constant contamination by raw sewage
16 48.5% Poor Constant dumping of CDW
Effluent from unscrupulous industries
4 12.1% Very Poor (e.g. mining)
3 9.09% Unaware No further explanation
Lack of community awareness and
1 3.03% Bad education on water conservation

Source: Fieldwork material (2022 - 2023).

Based on the data presented in Table 4.4, most of the respondents were aware of the poor
state of water quality in wetlands in the study area. Drawing on data in Table 4.4, it is crucial

to note that there is a variety of both organic and inorganic pollutants disposed of into
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wetlands. For example, 27.3% of the research participants were of the view that sewage
spillage into wetlands contributed to poor water quality. While wastewater contributes
significantly to poor water quality, it is critical to note that CDW is also a contributing
pollutant. Data in Table 4.4 demonstrates that 48.5% of the participants regarded CDW as a
major pollutant. Considering that CDW is generally considered inert or general waste, this

raises questions about how CDW affects wetland water quality.

Perhaps a question that can be posed is whether the CDW pollutes water, or does it disrupt
the organic functioning of wetlands? Whatever the case may be, it is worthwhile to note that
about 12.1% of the respondents alluded to effluent from mining industries as a contributing
factor to ‘very poor’ water quality. Considering that wetlands across the study area provide
habitat to many freshwater species, this raises additional questions about the possibility of
species loss stated in Table 4.3. or poisoning of species through bioaccumulation. It must be
highlighted that the question of the state of water quality was also posed to four officials
from a government department with interests in environmental issues, and interestingly,
these experts had a thorough understanding of the state of water quality in wetlands. Lastly,
Table 4.4 shows that only 3.03% of the participants thought that water quality in wetlands
was bad because of a lack of community education in poor areas. This is likely the case,
because communities in the study area are notorious for dumping in riverine environments

(e.g. see Mangoro & Kubanza, 2023).

4.5. Remote sensing analysis of wetland change

The data presented in this study so far is qualitative in nature, because it is based on
perceptions of epistemic communities. This sub-section presents quantitative data which
corroborates these perceptions, using DEMs generated over the study area. DEMs were used
to observe and quantify the intrusion of solid waste into wetlands in the studies sites. Figure
4.2 and Figure 4.3 illustrates a spatio-temporal analysis of wetlands over the study area from

the year 2000 to 2020 on a 10-year interval.
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Figure 4.2: DEM illustrating wetland spatio-temporal change in Diepsloot between
2000 and 2010

Source: Author (2023)
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Figure 4.3: DEM illustrating wetland change in Diepsloot between 2010 and 2020.
Source: Author (2023).

Source of Map: Researcher (2023)

Before the year 2000, both study areas did not experience significant urbanization or illegal
dumping, and therefore, the wetlands would have been in good condition. In Figure 4.2,
which captures spatio-temporal changes between 2000 and 2010 in a wetland in Diepsloot,
erosion and deposition of foreign solid matter into the wetland started to emerge. The
volume of these changes is illustrated in red and blue on the map, and it should be noted that
the wetland was not significantly stressed over this period. A statistical analysis in the ArcGIS
software revealed that an estimated 3.68% erosion and 9.02% deposition occurred between

2000 and 2010, which supports the view that little stress was imposed on the wetland.

However, there is a significant rise in the deposition of sediments between 2010 and 2020,

and a sharp decline in erosion as shown in Figure 4.3 and 4.4. Further analysis showed that
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erosion declined to 0.83%, while deposition surged to 21.8% in this period. In river
processes, this sharp inverse variation emerges from a loss of water velocity and a decline of
slope, which helps generate energy. What is very striking from the rise in deposition is its
correlation with population explosion and urban sprawl in Diepsloot, and rapid
infrastructural development in the high-income suburbs located very close to the informal
settlement, which generate vast quantities of household and CDW. Interestingly, it is also a
period where a landfill site in the northern areas of Johannesburg was closed off, resulting

in widespread environmental crimes such as dumping.
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Figure 4.4: Percentage fluctuations in erosion or deposition in a 20-year period

Source: Author (2023).
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Figure 4.5: Percentage fluctuations in erosion or deposition in a 20-year period.
Source: Author (2023).

A similar analysis was carried out on a wetland on Kaalspruit River in Tembisa. In Figure 4.6.
and Figure 4.7, DEMs shows the spatio-temporal changes in the wetland from 2000 to 2020

over a 10-year interval.
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Figure 4.6: DEM illustrating wetland change in Tembisa between 2000 and 2010.

Source of map: Author (2023)
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Figure 4.7: DEM illustrating wetland change in Tembisa between 2010 and 2020.

Source of Map: Author (2023)

In comparison to Diepsloot, a wetland along the Kaalspruit River in Tembisa was also

moderately affected by the deposition of solid matter between 2000 and 2010 (Figure 4.6.).

A statistical analysis conducted in the ArcMap software revealed that deposition of

approximately 6.09% transpired in this period, while erosion was at 2.51%. These statistics

suggest that urbanization was slightly higher in Tembisa compared to Diepsloot in the same

period. However, between 2010 and 2020, erosion marginally decreased to 2.17% while

deposition narrowly rose to 8.92% (Figures 4.8 & 4.9). This suggests that smaller levels of

dumping in the wetland took place in this period in comparison to a wetland in Diepsloot.
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Figure 4.9: Percentage fluctuations of erosion or deposition in a 20-year period.
Source: Researcher (2023).
Figures 4.8 and 4.9 illustrate the spatio-temporal change statistical analysis of the
wetland in Tembisa over the study period (2000 - 2020). The analysis presents

opportunities to understand wetland dynamics in the study area and make informed
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conclusions. However, it is important to highlight that despite the usefulness of DEMs
for earth observation studies as demonstrated so far, they cannot be used to identify
specific types of waste types deposited in a landform. Therefore, to corroborate the
projections on the DEMs, other data were required. To achieve this, historical and
current images received from the studies participants were used. Figure 4.10
provides evidence that deposition illustrated in the above maps can be largely

ascribed to CDW.

Figure 4.10: CDW deposited into wetlands in Diepsloot and Tembisa.

Source: Fieldwork and NGO sources
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A close examination of the images in Figure 10 demonstrates that CDW can have massive
effects on wetland ecosystems. Analysis of images above shows that CDW is the waste stream
that dominates wetland dumping. This causes massive throttling which ultimately redirects

river and wetland channels.

The images suggest that CDW is a heavy waste stream that cannot be easily eroded by natural
drainage, thus corroborating projections of the DEM change detection maps. Based on the
state of the vehicle in image 6 in Figure 8, CDW dumping in wetlands is a coordinated
environmental crime. It provides some perspective on how the effects of CDW on wetlands,
as shown in the DEMs, accumulated over the 20-year period without mitigation by the local

authorities.

4.6. Discussion of results

Data and literature presented in this study suggests that the environmental performance of
waste materials cannot be viewed only through the lens of toxicity. For instance, deposition
of CDW into wetland ecosystems impairs the functions of this critical ecological feature,
while also disrupting processes associated with aquatic species. Based on the results, it is
particularly important to highlight that CDW affects wetlands in two ways including through
its mineralogical profile and also its physicality. Through the embedded minerals, CDW can
progressively contaminate wetland water, and ultimately the flora and fauna communities
through bioaccumulation (e.g. Staunton et al., 2014). This is a massive negative effect,
because aquatic organisms constitute an essential component of how wetlands function.
Among other things, they assist in the recycling of critical nutrients required by other marine
organisms in a wetland ecosystem (Kumar & Kanaujia, 2014). Data from this study suggests
that the continued deposition of inert CDW in wetlands destroys the habitat for critical
species such as the near endangered African Giant Bullfrog (Pyxicephalus adspersus). This
finding presents significant faults in the conceptualization of waste only through the lens of

toxicity.

Secondly, even in the absence of toxic minerals (since CDW is largely inert), CDW remains a

potent environmental threat because of its voluminous and weighty nature. It impedes the
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ability of wetlands to erode and discharge water, and slowly cause infilling. This is illustrated
by the DEMs presented in the results section where wetlands gained elevation through
dumped CDW, and lost their ability to transport loads, ultimately contributing to seasonal
floods. These findings match observations in a study by Mangoro & Kubanza (2023), where
dumping of CDW disrupted the flood attenuation capabilities of wetlands causing massive

flooding and deaths of minors.

Although participant perceptions provided in this study provide critical perspectives on how
CDW can potentially affect wetlands, some critics are doubtful of qualitative data. This doubt
is based on the view that qualitative data can often not be proved scientifically (Koch &
Harrington, 1998). In this study, the use of DEMs to measure erosion and depositional
processes provided an opportunity to quantitatively analyse wetland spatiotemporal
changes over a 20-year period rather than rely on expert perceptions alone. From the DEMs,
itis evident that massive deposition of waste occurred, particularly between 2010 and 2020,
which put wetlands under significant threat. While the use of DEMs is flawed in the sense
that it does not identify exact waste materials deposited in a given landform, corroborating
data was acquired through ground truthing in the study area. Therefore, it can be confidently
argued that CDW can have massive negative effects on the ability of wetlands to function
optimally. In this perspective, this study argues that there is a need for urgent solutions to
mitigate the effects of CDW on wetlands in South Africa and other countries facing massive
illegal dumping. In the following section, the study is concluded with a series of

recommendations on how to effectively manage CDW for the protection of wetlands.

4.7. Conclusion and Recommendations.

The findings of this study strongly suggests that the view of CDW as inert, and therefore not
an immediate threat to the environment is incorrect. It is found in this study that CDW
instantly affects the ability of wetlands to function normally. Rapid urbanization and
expansion of the construction sector to meet the rising infrastructural needs across South
Africa rapidly generates CDW. This suggests that in the absence of measures to mitigate the

environmental problems associated with CDW, wetlands across South Africa will continue
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to disappear. Therefore, for South Africa to mitigate the environmental challenges associated

with CDW, the following is recommended:

Establishment of tailor-made laws for CDW management in South Africa. The proposed new
laws must clearly define the penalties associated with illegal dumping of CDW by any
perpetrator. This is a crucial component of an effective waste legislation because it sets out
the potential punishment associated with environmental crimes. Additionally, the proposed
CDW management law needs to delineate the responsibilities of stakeholders, because this
helps in tracing and tackling environmental crimes. Furthermore, enforced tailor-made laws
encourage rapid transition to sustainable waste management practices, and evidence for this
is replete in countries across the European Union such as Germany (Nelles et al., 2016).
Additionally, this is important because it saves landfill space, reduces dumping, and limits

the extraction of raw materials from the environment.

While legislation for CDW management is crucial in motivating sustainable behaviour, large-
scale investment in cutting-edge and efficient CDW recycling machinery in South Africa is
required. Like many developing countries, South Africa struggles to purchase, maintain, or
operate CDW recycling plants (Mangoro et al., 2023). This problem arises from poor funding,
negative attitudes, and general neglect of certain waste streams such as CDW (Mangoro et
al,, 2023). To mitigate the problems with funding, local municipalities can lobby national
governments and multilateral organisations such as the United Nations Development
Programme and the United Nations Environmental Programmes for funding or donation of
required technologies. On a local level, funding can be sourced from the public and private
sectors, and this could be done at regional level to avoid financial strain on the funders. The
linkage between stringent and tailor-made law, and availability of recycling machinery
creates opportunities for sustainable environmental and resource utilisation, thereby
reducing strain on critical ecosystems such as wetlands that are typically targeted for

dumping.

In unison with these measures, another strategy that can be deployed to effectively manage
CDW includes the training of construction personnel in waste minimisation strategies, and

this is necessary to limit the amount of waste that is illegally deposited in wetland
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ecosystems. As argued in the earlier sections, CDW is one of the largest waste streams in the
global economy, which contributes about 40% of total annual global greenhouse gas
emissions. In light of this, training personnel on how to manage waste in construction
becomes imperative for those in the construction sector to achieve environmental
sustainability. The training of construction personnel on how to manage CDW in all phases
of construction is crucial because in bears direct environmental benefits such as waste

reduction and preservation of finite natural resources.

Considering that wetlands in urban areas are usually located near informal settlements, it is
crucial to establish a multi-stakeholder management programme where communities are
central to decision-making. A shift from top-down management strategies currently adopted
in developing countries like South Africa generally overlooks the role of local communities
in area management, leading to the proliferation of environmental crimes by unscrupulous

corporate entities.

There is a need for the establishment of an online based platform for information or data
exchange. Poor or lack of communication between stakeholders in the construction industry
generates opportunities for illicit waste economies (Mangoro et al., 2023). The online
platform forms a community of organisations where information is given about location of
construction sites, amount and nature of CDW generated as well as the shortest route to
arrive there. This is very important because CDW can be used in new construction for

original purposes or infilling foundations and avoid sand mining in aquatic environments.
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Paper No. 2
Exploring Wetland Change in the Gauteng Province, South Africa5

Abstract

The earth is currently enduring a period of unprecedented environmental change due to
unsustainable anthropogenic activities. Urban environments across the world are the most
affected by anthropogenic activities, especially forest clearance, construction, mining,
agriculture, and dumping among other things. These activities have major environmental
implications which can permanently alter affected areas. This study investigated land use
and land cover changes in the informal settlements of Diepsloot and Tembisa in the Gauteng
Province of South Africa and provided a predictive analysis of the state of wetland
ecosystems in the two study areas by 2040. The study used processing software such as
ArcGIS and ENVI to analyse Landsat images and assess spatiotemporal changes over time. It
is argued that anthropogenic activities such as illegal dumping presents massive threats to
the ability of wetlands to function or exist in the absence of change in human behaviour. The
study found that construction and demolition waste dumping may lead to disappearance of

wetlands in the study area by 2040.

Keywords: Construction and demolition waste, environment, wetland, geographical

information system, Land Use and Land Cover Change, Anthropogenic activities.

5> This chapter has been accepted for publication in its current form: Mangoro, N., Kubanza,
N.S. & Simatele, M. D. (2024). Exploring Wetland Change in the Gauteng Province, South
Africa. Environmental Research, Vol. 215, 119520,
https://doi.org/10.1016/j.envres.2024.119520
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4.1. Introduction

The earth is currently enduring a period of unprecedented environmental change due to
unsustainable anthropogenic activities in recent centuries (Chu & Karr, 2017; Malhi, 2017;
IPCC, 2022). Several studies hold a consensus that anthropogenic activities since the
Industrial Revolution have permanently altered the Earth’s function in ways that can be
measured in geological time scales (Gray-Cosgrove et al., 2015; Liboiron, 2015; Lalenti,
2020). Some of the anthropogenic activities accounting for global environmental change
include mining, construction, agriculture, and forest clearance which contributes to carbon
increased emissions and disruption of ecosystems (IPCC, 2022; Montt et al., 2018; Labaran
et al., 2022). The environmental effects of anthropogenic activities in geological timeframes
suggest that many human and non-human generations to come will be negatively affected
by previous unsustainable anthropogenic processes. Drawing on this, the need for scientific
comprehension of the effects of anthropogenic activities on environmental sustainability has

reached a critical level (Mangoro & Kubanza, 2023).

Wetlands are some of the most affected ecosystems by anthropogenic activities, especially
in developing countries where they are exploited for a plethora of purposes. Extant studies
on wetlands reveals alarming levels of deterioration or disappearance due to unsustainable
anthropogenic activities (Fitchett, 2017; Mangoro & Kubanza, 2023; Staunton et al., 2014;
2015). These studies highlight that wetlands are vanishing at a pace three times faster than
forests (Ahidur, 2016; UN, 2018). It is further established that between 1970 and 2015,
about 35% of world wetlands were lost due to unsustainable anthropogenic activities (WWF,
2018; UN, 2018), and these activities include construction, dumping, and agriculture (e.g.,
Staunton et al, 2015; Ahidur, 2016; Mandishona & Knight, 2022). The deterioration or
disappearance of wetland ecosystems is a major catastrophe for human and non-human
actors because they play several critical roles necessary for environmental equilibrium. For
example, wetlands are linked with the function of providing habitat to approximately 40%
of world’s species, yet, due to unsustainable anthropogenic use there is high risk of the

disappearance of approximately 25% of the associated vegetation (UN, 2018).
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While a myriad of anthropogenic activities explains the phenomenon of rapid global wetland
loss, construction and the related waste materials are rapidly becoming the leading cause
(Staunton et al., 2015; Balud-Dajud et al.,, 2022; Ali-Khani et al., 2023; Mangoro & Kubanza,
2023). This is inextricably linked to rapid urbanization and economic expansion which
necessitates high demand for infrastructure. Although urbanization and economic expansion
are a critical component of human processes, infrastructural development produces massive
and heterogenous volumes of construction and demolition waste (CDW) which can be risky
to the environment in the absence of strong and coherent management systems

(Luangcharoenrat et al., 2019; Zhang et al., 2023).

In the context of developing countries, there is a trend of rapid population agglomeration in
low-income areas, typified by informal settlements for purposes of low-cost housing. In such
areas, there is a consistent trend involving massive illegal dumping of CDW, particularly in
riverine environments such as wetlands (Fitchett, 2017; Mangoro & Kubanza, 2023). There
are strong indications that this rising problem will continue to grow in the next century. This
view is emphatically supported by the United Nations which forecasts that the world
population will reach 9.8 billion by 2050 and 11.2 billion by year 2100 (UN-DESA, 2017).
Associated with this, it is projected that Sub-Saharan Africa (SSA) will reach a population of
2.4 billion by the year 2050 (UNEP, 2023), from the current estimated population of 1.21
billion (Statista, 2024). The realization of these estimations suggests imminent growth of
construction activities, related waste (CDW), and the associated effects on ecosystems

(UNEP, 2023).

Drawing from the above, this study investigated the effects of anthropogenic activities on
wetlands in Diepsloot and Tembisa with a bias on construction and CDW. Specifically, this
study adopted the use of satellite imagery (Landsat) to investigate land use and land cover
changes (LULCC) in Diepsloot and Tembisa over a 20-year period from 2000 to 2020, to
predict the state of wetlands in the study area by year 2040. (e.g., Fantaye etal., 2017; Jombo
& Adelabu, 2023). In view of this, remote sensing can be an incredible technique to study the
effects of anthropogenic activities on the environment in a given area, and this is crucial in

decision-making long before disasters occur (Jombo & Adelabu, 2023). In the following
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section, a critical synthesis of extant literature is provided to understand the causes of

wetland loss across the world.

4.1.2. Literature review

4.1.2.1. Accounting for global wetland loss.

Wetlands are a critical ecological feature that plays several important functions for both
humanity and the environment (see Davidson, 2014; Hu etal., 2017). Among other ecological
functions, wetlands attenuate floods, filter water, sequester carbon, and provide a habitat
and water to aquatic species (Gebresllassie, et al.,, 2014; Zhu et al., 2023). By definition,
wetlands are landforms encompassing areas of marsh, fen and peat lands. Additionally,
wetlands also encompass areas with water and these can be natural or constructed,
perennial or seasonal. Finally, wetlands can also be water bodies that are static, or in motion,
with brackish or freshwater such as marine ecosystems with low tide and a depth below 6

metres (RCB, 1997).

This Ramsar definition is extensive and encompasses a wide range of types of water bodies
to ensure comprehensive ecosystem management or conservation. Despite their
documented significance, the world is currently enduring a global wetland loss phenomenon
which started over a millennium ago (Davidson, 2014; Hu et al., 2017). Much of the factors
accounting for wetland loss are associated with anthropogenic activities which span social,
economic and political spheres, although natural factors have also been documented. Some
scholars argue that over 50% of global wetlands have been lost since the beginning of the

20th century (Davidson, 2014).

Hu et al (2017) quantified the extent of global wetland loss per continent and the results of
the study indicated a grim spectre on the future of global wetlands. The study found that the
Asian continent lost 2.65 million km? of wetlands or 27% of the continental total. The study
further observed massive wetland loss in South America, Oceania, and Europe. In these
continents, South America lost approximately 32% of the total wetlands while the Oceania

lost about 0.18 km?, and Europe 45% (Hu et al,, 2017).
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Among the most common causes for wetland loss is climate change (Gebresllassie, et al.,
2014; Hu et al,, 2017; Penfound & Vas, 2023; Sithirith, 2015; Zhu et al., 2023). Zhu et al.
(2023) revealed that geographically isolated wetlands, which typically have dense
vegetation cover, are at risk of dying out because of climate change. In this study, it is argued
that climate change can lead to the loss of wetland vegetation cover which could lead to loss
of the ability to retain water or reduce run off. Climate change causes this disruption through
extreme heat or low rainfall which ultimately results in wetland reduced water content and
eventual wetland loss (Zhu et al., 2023). The effects of climate change will continue to
threaten the existence of wetlands across the world. Using geographical information systems
and remote sensing applications, Zhu et al. (2023) indicated that by the year 2099, the effects
of climate change will likely lower down wetland water table by approximately 26cm (Zhu
et al,, 2023). By nature, the wetland water table is generally situated close to the surface
which means that a 26¢cm decline will contribute to the eventual loss of more wetlands to

poor recharge.

While climate change is known to cause significant wetland loss, much of the threats to
wetlands is inextricably linked to anthropogenic activities (Dallut-Bajudetal, 2022).
Agriculture is the largest known cause of wetland loss across the world (Gebresllassie et al.,
2014; Mandishona & Knight, 2022; OECD, 1996), accounting for about 25% of this
phenomenon (Dallut-Bajudetal, 2022). Cases of exploitation of wetlands for agriculture have
been reported around the world, and this is mostly in developing countries (see Mandishona
& Knight, 2022). For example, in the southwestern parts of Ethiopia, the government and
farmers are involved in the drainage of wetlands for agriculture and other unspecified
activities (Gebresllassie et al., 2014). Similarly, cases of wetland use for agriculture have
been documented in parts of Zimbabwe where communal farmers deploy different tilling
methods such as ox-drawn ploughs or hand-held tools like hoes (Mandishona & Knight,
2022). The use of wetlands for agricultural purposes or other ecosystem services eventually

leads to their disappearance or permanent disruption of functions.

Another anthropogenic activity accounting for wetland loss across the world is urbanization.
It must be highlighted that developing countries are urbanizing faster than developed

countries, and this coincides with massive loss of wetlands. Studies by Dallut-Bajud et al
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(2022) estimate that urbanization is responsible for 16.8% of global wetland loss.
Urbanization is typified by development activities such as the construction of roads,
buildings, and flood control systems (Gebresllassie et al., 2014; Davidson, 2014; Sithirith,
2015; Zhu et al,, 2023). Construction activities generate impervious surfaces which reduces
the rate of water infiltration and increase surface run off. Ultimately, construction activities
reduce wetland water recharge or water retention capacity of wetlands (Zhu et al., 2023).
Additionally, urbanization promotes infilling of wetlands for purposes of construction as
documented in Ethiopia and Cambodia (Gebresllassie, et al., 2014; Sithirith, 2015), while this
has been happening in Europe, America, and Asia for centuries (Zhu et al. 2023). Therefore,
although urbanization can be an indicator of social and economic prosperity which
developing countries yearn for, it produces a binary of success and environmental

deterioration.

Urbanization is a tremendous source of wetland deterioration as discussed above, and yet;
it has an additional effect of encouraging pollution in the event of poor environmental
management systems. Some studies associate increasing urbanization with wetland
pollution because population agglomeration results in fast-paced products of construction
waste among other waste streams (e.g., Sithirith, 2015; Fitchett, 2017; Mangoro & Kubanza,
2023). However, cases of wetland pollution and urban waste also occur in developed
countries. Staunton et al (2015) documented cases of wetland pollution through CDW in the
Republic of Ireland. Repeated pollution of wetland ecosystems in the Republic of Ireland led
to significant alteration of wetlands, and in some cases, a total disappearance. In addition to
pollution from urbanization, there are several cases where there is massive spillage of raw

sewage, causing massive wetland deterioration.

This practice diminishes the ability of wetlands to function optimally due to the deposition
of human waste and the associated pathogens which can alter water quality and aquatic life
(Wetlands International, 2010). From this literature, it is clear that while urbanization
produces more economic prosperity, it leads to massive environmental degradation in the

absence of effective governance systems.
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In some countries, the loss of wetlands has been linked to a lack of clear and coherent laws
governing aquatic ecosystems (Gebresllassie et al., 2014; Sithirith, 2015). A lack of clearly
articulated policy together with weak institutions heightens the vulnerability of wetlands
because this combination generates confusion within the associated sectors. For instance,
Cambodia and Ethiopia, the environmental law does not define wetlands and this results in
sectors formulating their own meanings which suit their agendas (Gebresllassie et al., 2014;
Sithirith, 2015). These problems are exacerbated by a lack of institutional capacity to
management wetlands. Cases of shortage of manpower, funding, and technology for
sustainable wetlands conservation are replete in developing countries (Gebresllassie et al.,
2014). Lack of manpower emanates from the absence of training programs for wetlands

conservation or management at institutions of higher learning (Gebresllassie et al.,, 2014).
4.1.2.2. Accounting for wetland loss in South Africa.

Wetland loss is a phenomenon in South Africa that emerged several decades ago. Existing
aquatic studies in South Africa reveal that wetland loss rose from 45% in the 1980s to about
65% in the 1990s (Whyte & Shepherd, 1999), while other studies peg it at almost 50% in the
last two decades (Adeeyo et al., 2022; SANBI, 2013). More recent studies have established
that there are about 300,000 wetland ecosystems remaining in South Africa (Adeeyo et al.,
2022).Itis further argued that of this number, 48% is at high risk of further disruption, while
12% are now endangered and 5% are prone to human exploitation whereas, 35% are
generally at low risk (Adeeyo et al., 2022). The major cause of this phenomenon is the
growing number of unsustainable anthropogenic activities (Whyte & Shepherd, 1999;
Rivers-Moore & Cowden, 2012; Adeeyo et al., 2022).

One of the major anthropogenic activities accounting for wetland loss in South Africa is
mining operations. For example, studies in some parts of South Africa such as Mpumalanga
Province, suggest that mining activities (e.g., for coal) have destroyed vast tracts of wetland
areas (Van Vuuren, 2014; WRC, 2016). This is because wetlands are generally situated in low
lying areas where miners also prefer to undertake open case mining due to its relative low
cost in comparison to other methods (Van Vuuren, 2014; WRC, 2016). Earthworks involved

in mining processes negatively affect the general hydrology near mining sites, leading to
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disruption of associated wetlands through changes in water recharge trends (Water Studies
Commission, 2016). However, mining activities in South Africa have also been linked with
wetland loss through deposition of polluted water which ultimately affect the integrity of

these ecosystems and the related biodiversity (Van Vuuren, 2014).

In addition to mining activities, wetland loss in South Africa is also linked to invasive alien
species such as giant and common reeds, water fern, wattle, hyacinth, and velvet mesquite
among others (Solitude Lake Management, 2021). Species like velvet mesquite (Prosopis
velutina) have significant negative impact on wetlands, associated biodiversity, recharge
ability, and on human livelihoods (Solitude Lake Management, 2021). Similarly, some studies
argue that wattle (silver, long weaved, and black wattle) uses excessive amounts of water,
resulting in disruption of wetland ecosystem functionality (AgriOrbit, 2020). Therefore, if a
wetland is overwhelmed by alien vegetation, excessive evapotranspiration happens, leading
to massive water consumption which in turn also affects groundwater recharge (Adeeyo et
al., 2022). Drawing on the above, it is apparent that invasive alien species are a massive

source of wetland loss in South Africa.

Although the above presents massive threats to wetlands in South Africa, other
anthropogenic activities like agriculture are also a leading cause (Grundling et al., 2011;
Sinthumule and Netshisaulu, 2022). For instance, crop farming, plantations, and irrigation
schemes cause environmental deterioration, and dwindling of wetlands in areas of South
Africa such as KwaZulu Natal Province and Limpopo Province (Grundling, 2011; Sinthumule
& Netshisaulu, 2022). Furthermore, communities in rural areas understood that some
wetland ecosystems have rich soils that could provide adequate nutrients to their crops,
which results in drainage of water to generate conditions suitable for some crops such as
maize (Grundling, 2000). The process of draining water out of wetlands erodes their ability
to provide services which include recharge of rivers and provision of habitat. This problem
grows in significance considering that only 11% of different wetland types in South Africa is
protected by the Ramsar Convention (Adeeyo et al., 2022). Furthermore, a study by Skowno
(2018) indicates that only 6% of wetlands located in inland areas are protected, and they are

found in conservation areas such parks or reserves. This present major problems because
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due to decreased rainfall, wetlands are likely to be targeted for subsistence farming in South

Africa.

In addition to the above, wetland loss in South Africa is also a result of construction-related
activities (Mlambo, 2018; Adeeyo etal., 2022; Sinthumule & Netshisaulu, 2022). Due to a rise
in population in South African cities, there is also a rising demand for low-cost housing as a
result of the steep cost of accommodation (Mlambo, 2018). As a result of this, informal
settlements are developing rapidly especially in the outlying areas of big cities, typically on
catchment areas such as wetlands purposely left undeveloped by city planners for
environmental concerns. However, it is imperative to note that while low-cost housing such
as makeshift shelters accounts for much of the construction on wetlands in South Africa, even
large corporations are often involved in such environmental crimes. For example, a large
corporation was fined for building a property on a wetland in Centurion in the Gauteng
Province which resulted in wetland loss (Kings, 2018). Dam construction also accounts for
wetland loss in South Africa (Schuyt, 2004). Wetlands are prime targets for dam construction
in South Africa because they are usually found in areas that are suitable for dam construction
(Collins, 2006). Dam construction therefore has far-reaching consequences because it results
in total wetland loss of major disruption of their ability to perform ecosystem services

(Collins, 2006).

Although there seem to be abundance of studies on wetland ecosystems in South Africa,
there is a shortage of comprehensive assessments to adequately inform city planning. This
is because existing studies typically focus on a selected wetland due to the perceived
associated costs of conducting assessment on multiple sites (Rivers-Moore & Cowden, 2012).
In this study, at attempt is made to narrow this gap by focusing on land use and land cover
changes in Diepsloot and Tembisa informal areas in order to determine the long-term
impacts of CDW on wetlands. The significance of this study lies in the fact that it provides

data and pointers crucial for mitigation of wetland loss before it happens.
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4.1.3. Materials and methods

4.1.3.1 Study Context

Diepsloot (25.9424° S, 28.0201° E) and Tembisa (26.0129° S, 28.2233° E) are low-income
settlements located in the vicinity of the boundary between the Johannesburg Metropolitan
Municipality and the Ekurhuleni Metropolitan Municipality. The settlements are
characterized by formal and informal sections built along the Jukskei River catchment area
comprising a dense network of perennial water bodies. The Jukskei River catchment
wetlands in the region and their riparian zones form a habitat for several critical wildlife
species which include the near-endangered African Giant Bullfrog (Pyxicephalus adspersus),
and the grass owl (Tyto longimembris) (Yetman & Ferguson, 2011; Mangoro & Kubanza,
2023). The study area has experienced a massive surge in environmental crimes in the last
20 years, particularly in the form of illegal dumping in wetland areas which form habitat for
various wildlife species (Fitchett, 2017). Specifically, there is intense illegal dumping of
household waste (Mangoro & Kubanza, 2023) and construction waste (never remediated),
which has significantly diminished the quality of wetlands in the area. This study maps out
the effect of anthropogenic activities on wetlands in the research area in current and future

contexts.
4.1.3.2. Image acquisition

Prediction of potential future impacts of anthropogenic activities on ecosystems is
dependent on an analysis of previous and current land use activities. This study uses the
period from the years 2000 to 2020 on a ten-year interval as the benchmark. This is because
population growth and rapid infrastructural development in the area transpired during this
period (Mangoro & Kubanza, 2023). Satellite imagery of the study area in these twenty years
can be used to investigate and measure topographic events affecting ecosystems. The
outcome of this data manipulation and analysis can be used to predict the state of given
ecosystems (in this case wetlands) in a selected period in the future (Jombo & Adelabu,

2023). In this paper, a twenty-year period from 2020 to 2040 was selected.
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To measure topographic events from the years 2000 to 2020 on the selected wetlands,
Landsat images were used. Landsat images were acquired from the United States Geological

Survey (USGS) Earth Explorer image repository (http://earthexplorer.usgs.gov). All the

images used in this study have Path = 169 and Row = 78 and they are all cloud free to enhance
visibility. Landsat images are derived from different satellites depending on the chosen
period of study. Images for the year 2000 were taken by the USGS through Landsat TM 4/5.
Landsat TM 4/5 operated from 1982 to 2012 and it operated on a 16-day repetitive sequence
which is referenced to the World Reference System-2 (USGS, 2018).

Furthermore, the adopted dataset for 2010 and 2020 was from Landsat 8 (ETM+). Landsat
8 was launched in February 2013, and it was equipped with the Operational Land Imager
(OLI) and Thermal Infrared Sensor (TIRS) instruments (Dibs et al., 2023). Images used in
this study were drawn from both the Landsat ETM+ sensor and the Landsat OLI sensor. The
OLI measures through visible near infrared and shortwave infrared portions of the spectrum

(USGS, 2013; Dibs et al., 2023).

Radiometric calibration was applied to each image, and then atmospheric correction using
the Fast Line-of-sight Atmospheric Analysis of Spectral Hypercube (FLAASH) module in
ENVI (v5.4) was applied. The three images were mosaicked separately to produce a single
image for each year in the ENVI software. Clipping was then done to produce the study area
(Diepsloot and Tembisa), shapefiles that had been previously created were used in this
regard. The gap-fill application in ArcGIS Pro 3.1.2. was utilised to correct the scan line failure
by filling the gaps on the Landsat 7 ETM+ images. After all these processes, the images were

ready for classification.
4.1.3.3. Reference Data

Pre-processed Landsat datasets were visually interpreted to obtain the reference dataset.
Randomly selected yet well-distributed training areas were selected to ensure full
representation of each class. Point features were digitised with class labels for each class and
this was done using ArcGIS on the mosaicked images. The point features of each image were
then loaded on Google Earth Pro imagery (http://earth.goggle.com/) accessed on 20

December 2023. The temporal data was used to evaluate the regularity of the points. The
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points that were found in differing areas of their LULCC were eliminated. Pixel values were
then extracted in ArcGIS using the feature extraction tool. For each class, the sample points
created ranged from 200 to 350, and the extracted pixel values for each class were divided
randomly into training (70%) and testing (30%) datasets. The training dataset was used to

train the classifier while the testing dataset was used to validate the classification accuracy.
4.1.3.4. Image classification

For the LULCC classification process, 4 classes were selected for Diepsloot (namely wetlands,
vegetation, bare land and the urban built up), while 5 classes were selected for Tembisa
(namely wetlands, bare land, vegetation, cultivated areas and built-up areas). The Random
Forest (RF) software was used in this study as a classification tool to create LULCC maps of
the multi-temporal images. It is an ensemble learning algorithm that is centred on decision
trees (DT). The classifier operates by creating a set of DT during model training and produces
the class with the greatest appearance for classification or mean estimation for regression
(Wessels et al., 2016). The RF classifier used for this study involves a random selection of
features or a combination of features at each node to grow a tree. The Gini coefficient was
used for attribute selection, and it measured the impurity of an attribute in relation to the
classes (Canty, 2014). On a new training sample, each tree is grown to the maximum depth
using a combination of features. When the trees are fully grown, they are not pruned, and
this makes the classification output less variable and more stable. (Jensen et al., 2009). The
number of features used at each node to generate a tree and the number of trees to be grown
are two user-defined parameters required to generate a random forest classifier (Al-Fares,

2013). At each node, only selected features are searched for the best split (Al-Fares, 2013).
4.1.3.5. Accuracy Assessment

Classification accuracy is the most critical feature to assess the reliability of the final map
outputs and it encompasses statistical estimates obtainable from the classification output
and an independent reference dataset to calculate the probability of the classified output.
According to Foody (2002), accuracy assessment guarantees classification quality and user
confidence in the product. It is empirically determined by selecting a sample of pixels from

the imagery and examining their labels against classes defined from the reference data. The
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proportion of pixels from each class correctly labelled by the classier in the image is
estimated so as the percentage of pixels from each class inaccurately labelled into every
other class. These results are articulated in a tabular form known as the confusion matrix
(Lillesand et al., 2015). The confusion matrix measures the following metrics, overall
accuracy, user’s accuracy, producer’s accuracy and the kappa coefficient (Guerschman et al

,2003).
4.1.3.6. Change Detection

In this study, change detection was executed using the change detection statistics tool in
ENVI 5.4. This was done to examine the shifts in the various LULCC classes, particularly the
wetland areas. The outcome of the examination was three maps 2000, 2010, and 2020
respectively. The statistics report included a class-for-class image disparity and its main
focus is on the initial state classification shifts that is, for every initial state class, the
examination detects the classes in which those pixels changed in the final state image. The
classified thematic maps are cross tabulated on a pixel-to-pixel basis to generate overall
change maps and change matrices. The change statistics were expressed in two forms that
is, area in hectares and percentage of the total change. These statistics were analysed to
examine the nature and magnitude of LULCC change in the Diepsloot and Tembisa study

areas during the 20-year period.
4.1.3.6. Prediction of wetland change

To compute the forecast models and calculate the wetland changes for 2030 and 2040, the
transition matrix for 2000 to 2010 was generated, and then the integrated CA-ANN method
in the MOLUSCE plugin that is embedded in the QGIS 2.18.15 version. The plugin is an open
source for QGIS 2.0 to 2.99, any version after this, is incompatible. Numerous studies have
revealed that the CA-ANN model more superior and robust in predicting LULCC in
comparison to other models such as Marcov and linear regression (Abbas etal, 2021;
Rahman 2017). For the future simulations the 30 x 30m resolution and the WGS 84 Co-
ordinate system was retained. Other variables that were utilised included slope and distance

from the settlements, rivers and roads, and the Digital Elevation Model (DEM) was
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considered. these variables are commonly utilised to simulate LULCC as they generate

reproducible data on the natural and anthropogenic disturbances in the LULCC processes.

To evaluate the reliability of the future simulating model, a validation process was
implemented using a comparative analytical procedure of the kappa coefficient and the
percentage of correctness in the MOLUSCE plugin. To validate the performance of the CA-
ANN model, the researcher compared the actual 2020 LULCC data generated using the
Landsat imagery and the RF classier with the one simulated for the same year generated

using the CA-ANN algorithm.

4.2. Results and analysis

4.2.1. Study Area 1, Diepsloot Township, Johannesburg Metropolitan Municipality.

Increase in urbanization and associated anthropogenic processes such as construction,
cultivation and waste dumping have profound ramifications on LULCC in a given
geographical location. This is evident in the two study areas (Diepsloot and Tembisa) where
five classes of features namely wetlands, vegetation, and cultivated areas and bare land were
classified. Figure 4.11 provides an LULCC map tracking topographical changes between year
2000 and 2020.
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Fig. 4.11: LULCC trends in Diepsloot between 2000 and 2020
Source: Researcher (2023)

In Figure 4.11, a dramatic increase in buildings can be observed in Diepsloot which suggests

rapid construction processes to accommodate increased population of approximately

350 000 (World Population Review, 2024). A rapid increase in built up areas in a location

replete with aquatic ecosystems suggest that massive infilling transpired within this period,

and this is corroborated by the fast disappearance of wetlands (represented in blue).

Furthermore, construction processes result in land clearance and vegetation loss, and an

increase in bare land as illustrated in Figure 4.11. The LULCC transpiring in Diepsloot

between 2000 and 2020 are graphically and quantitatively illustrated in Figure 4.12 and

Table 4.4 and 4.5.
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Fig. 4.12: Summary of Land Use and Land Cover Change in Diepsloot.
Source: Researcher (2023)

Immense transformation in LULCC in Diepsloot are clearly noticeable in Figure 4.12. To
illustrate these changes, Table 4.4. illustrates the area of land covered by the four selected
feature classes in this study. It can be observed that wetland cover diminished from 368.82
hectares in year 2000 to 56.25 hectares in 2010, and 18.9 hectares in 2020, suggesting an
overall percentage drop from 14.58% to 2.22% (Table 4.5.). Furthermore, changes can be
seen with vegetation cover which dropped from approximately 1413.09 hectares in 2000 to

786.78 in 2020, representing a drop from about 55.85% to 31.09% in 2020 (Table 4.5).

Table 4.4: Trends in area covered by selected features.

Diepsloot (area in
ha)

2000 2010 2020
Wetland 368,82 56,25 18,9
Vegetation | 1413,09 | 1330,2| 786,78
Built up 46593 | 719,19 | 990,81
Bare land 282,51 | 424,71 | 670,86

Total | 2530,35 | 2530,35 | 2530,35

120 | Page



Table 4.5: Percentage Land Use and Land Cover Change in Diepsloot.

Diepsloot (%)
2000 | 2010, 2020
Wetland 14,58 3,24 2,22
Vegetation | 55,85 | 52,57 | 31,09
Built up 18,41 | 28,42 | 39,16
Bareland | 11,16 16,78 26,51

From Table 4.4., changes in area covered can also be observed with built up areas which
increased from 465,93 in 2000 to 990.81 hectares in 2020, representing an upward trend of
18.41% to 39. 16% (Table 4.5.). Lastly, the area covered by bare land demonstrably
increased from 282,51 hectares in 2000 to 670.9 hectares in 2020 - a change from 11.16%
to 26.51% at present, suggesting massive vegetation clearance to pave way for human

activities in future.
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4.2.2. Study Area 2: Tembisa Township, Ekurhuleni Municipality.

Figure 4.13 presents a land use landcover change map for Tembisa between 2000 and 2020.
The impact of anthropogenic processes on LULCC is clearly noticeable in the twenty-year

period.
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Fig. 4.13: LULCC trends in Tembisa between 2000 and 2020.
Source: Researcher (2023)

Firstly, there is a sharp increase in built areas as is the case in Diepsloot, suggesting
increasing urbanization in Tembisa. In terms of wetland cover, a similar trend as in Diepsloot
can also be observed in Tembisa where wetlands rapidly deteriorated or disappeared
between 2000 and 2020 due to increasing unsustainable anthropogenic activities such as
construction (suggesting massive wetland infilling). However, unlike in Diepsloot, LULCC in
Tembisa is also characterized by cultivation for agricultural activities in wetland areas
between 2000 and 2010. In addition to this, it can be observed that there is also an increase
in bare land in Tembisa between 2000 and 2010, especially in the central and south-eastern

sections due to increase in pressure on land in the period. However, the vegetation appears
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to regenerate in the decade leading to 2020, possibly due to municipal conservation works

which began around 2008 (City of Ekurhuleni Municipality, 2008).
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Fig 4.14: Summary of Land Use and Land Cover Change in Tembisa.
Source: Researcher

Figure 4.14 captures LULCC in Tembisa, and a decrease in wetland area can be observed.
Table 4.6. shows that wetlands decreased from 468 hectares in 2000 to 227.88 in 2020,
representing a drop from 8.65% to 4.21% in 2020. Furthermore, vegetation cover decreased
from 2119.59 hectares in 2000 to 227.88 in 2020 (Table 4.6), indicating a decline from
39.17% to 16.93% (Table 4.7). In contrast, the built-up area increased from 2475.27 hectares
in 2000 to 2752.38 in 2020. In addition to this, there is also an increase in bare land by up to
16.81%, and this figure could have been higher in the absence of municipal conservation
programs such as clean-up and rehabilitation (City of Ekurhuleni Municipality, 2023).
Finally, there is an increase in land cultivation for agriculture from 58.41 hectares in 2000 to
203.85 in 2010, and 517.77 hectares in 2020 (Table 4.6), representing an increase from
1.08% to 9.53% at present (Table 4.7).
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Table 4.6: Trends in area covered by selected features.

Tembisa (area in
hectares)

2000 2010 2020
Wetland 468 | 384,12 | 227,88
Vegetation | 2119,59 | 1456,56 | 735,93
Built up 2475,27 | 2573,73 | 2752,38
Bare land 289,89 | 249,75 | 959,49
Cultivated 58,41 | 203,85| 517,77

Total | 5411,16 | 4868,01 | 5193,45

Table 4.7: Land Use and Land Cover Change in Tembisa.

Tembisa (%)

2000 | 2010 | 2020
Wetland 8,65 6,27 4,21
Vegetation | 39,17 32,43 16,93
Built up 45,74 | 49,04 52,53
Bare land 5,36 8,31 16,81
Cultivated 1,08 3,95 9,53

The statistics and illustrations in this section suggest that anthropogenic activities have
massively affected LULCC in Tembisa in the last 20 years. While these results are informative
for decision makers in South African metropolitans, much can be further derived to improve
the current state of environmental governance. In this study, the statistical trends were used

to predict future LULCC in the research area up to year 2040.

4.2.3. Prediction of Land Use Land Cover Change in Diepsloot and Tembisa between 2020 and
2040.

Prediction of future environmental trends have become a critical urban management tool
across the world (Jombo & Adelabu, 2023). Predictions are critical because they can be used
to mitigate environmental disasters before they happen, and this is particularly important in

the period of rapid climate change due to anthropogenic activities. Based on the statistical
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analysis of LULCC in Diepsloot and Tembisa provided above, Figure 4.15 and Figure 4.16

provides an illustration of potential environmental events by year 2040.

y
&
8

=
y

=
£3

Fr
y

F&
a

=
8
s
&

Em
B
3

=+
B
&

Em
8
N
g

Em

sqg@"SB2E 2'SISE 2°594E 28°026E B10E B 1ITE B21TE BI6EC. 0o srsgmE 27 5g4SE B 02E 2814 o o oL,
i T N T T T T T T T I T T TR AT YT AT SE2E 21°S9TE 27"094TE 28°020F 28MVE BITE B ZTE. 82255€
1 T T A TR R AR R T AR TR AT RAURRATA RN RN TANTRYNYRUAAAT)

25°585'S 25°5425"S

IETRITEERNERENT]

fhgs

25°6746"S 25°575'S 25°5H

LULC 2020

TTTTITTT T I T I T T I T I T ITIo T T
q 59 45°E

TITTTTTTIITT T TITITI0T
5E 27°59. 28°0'25°E 28°1'0'E 28°1'35'E 28°215'E 28°2'5!

T T T TITTIT T T
sl SS25'E 27°595E 27°5946°E 28°0'25'E 28°10'E 28B°135E 2B*2M15E 2B 255R7°5825'E 27°59!

@
m

4

LULC prediction of Diepsloot
township in the City of
Johannesburg in Gauteng

Legend N
B vetiana

- Vegetation w E
[ Isuitup
[ sarelana s

S

2030 Wetland Simulation 2040 Wetland Simuition 0 500 1800 3200 45800 6,400

Fig 4.15: Simulation land use and land cover change in Diepsloot by 2040.

Source: Researcher
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Fig 4.16: Simulation land use and land cover change in Tembisa by 2040.

Source: Researcher

In Figure 4.15 and 4.16, it can be observed while all selected feature classes will continue to
be affected by anthropogenic activities between 2020, 2030 and 2040, wetland loss will be
the greatest. In Table 4.8, it can be observed that by 2040, only 9.54 hectares of wetland

cover will remain in Diepsloot, and 107,01 hectares in Tembisa.

Table 4.8: Land Use and Land Cover Change trends in Diepsloot and Tembisa by 2040

2000 | 2010 | 2020 | 2030 | 2040
Diepsloot | 368,82 | 81,9 56,25 | 36,72 9,54
Tembisa 468 384,12 | 227,88 | 159,39 | 107,01

126 |Page



Wetland Simulation
500 A
400 A
300 A
200 A
100 4 .

Diepsloot Tembisa

Wetland Area (ha)

o

m 2000 m2010 m2020 wm2030 m2040

Figure 4.17: Graphical illustration of Land Use and Land Cover Change in Diepsloot
and Tembisa by 2040

Source: Researcher

An increase in built up area is inevitable based on the increase in population between 2000
and 2020. This is supported by the fact that urban housing has increased significantly, which
will probably drive people into informal settlements such as Diepsloot and Tembisa, where
construction is illegally done on wetlands. To generate land for illegal construction, wetlands
are targeted for infilling, especially with construction and demolition waste. The use of
construction waste for infilling wetlands has precedence in both areas. Figure 4.18 provides

further evidence.
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Figure 4.18: Construction and demolition waste throttling wetlands in Diepsloot
Reception Area, Extension 6 and Tembisa.

Source: Willem Snyman - Fresh. NGO and Greater Kyalami Conservancy, 2023, 2024

4.3. Discussion

Land use land cover change in the study areas from year 2000 to 2020 indicate events
consistent with overconsumption, population growth and unregulated urbanization in South
African metropoles. There is a sharp decrease in vegetation cover in both areas, and
consequently an increase in bare land required for anthropogenic activities such as
cultivation and construction. This is consistent with existing literature on vegetation loss
across South Africa due to human activities (SA Government, 1996; Mclean et al., 2016;

Zungu et al., 2020). While this is a noteworthy LULCC observation on environmental
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degradation, much of the catastrophic effect was on wetland ecosystems which were

targeted for illegal construction activities in both study areas.

What is of great significance to note in this regard is that construction over wetlands is only
a product of organized environmental crimes involving massive importation of CDW from
high income areas in the northern areas of Johannesburg (e.g., Bega, 2018; Styger, 2019).
Much of the legally regulated construction processes in the last 20 years have occurred in
the high-income suburban areas in northern and northwestern areas of Johannesburg.
However, due to a variety of reasons, among them a shortage of landfills in the northern
areas (e.g., Simelane, 2017), much of the CDW resulting from the construction processes has
been illegally transported and disposed in wetlands around Diepsloot and Tembisa (Bega,
2018). Due to the rising trend of ‘construction mafia’ and land grabs in South Africa (e.g.,
Nyangiwe et al., 2023), unscrupulous infilling of wetlands with CDW is done to generate dry
land for illegal construction. Similar trends were observed in several studies across South
African provinces such as Gauteng, Western Cape and KwaZulu-Natal (Kings, 2013; Moagi,
2018; Ngcuka, 2021; Mangoro & Kubanza, 2023). Existing literature, mainly from
newspapers suggest that illegal dumping of CDW in wetlands is a phenomenon that has
occurred for several decades to date (e.g., Bega, 2018), and this is corroborated by the LULCC
maps provided in this study.

Using the land use trends from year 2000 to 2020, this study also investigated the potential
state of wetland areas in the research area by 2040. Based on these trends, a quantitative
analysis, using remote sensing techniques, this study found that wetlands in both Diepsloot
and Tembisa are most likely to almost totally disappear due to infilling and subsequent
illegal construction. Disappearance of wetlands due to infilling with CDW is recorded in some
parts of the world (e.g., Staunton et al., 2014; 2015). The disappearance of wetlands carries
negative implications on various flora and fauna including bullfrogs and grass owls, among
others. For humanity, wetland pollution can cause severe health problems for local and
downstream communities (Mangoro & Kubanza, 2023). Additionally, humanity will also be
affected because wetlands provide ecosystem services such as water supply which is critical
in a water scarce region like South Africa, and provision of space for cultural activities (e.g.,

Mandishona & Knight, 2022).
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However, it must be highlighted that while CDW is the major cause for wetland
disappearance, anthropogenic activities such as cultivation (in Tembisa), also negatively
affect the ecosystems. It is important to note that cultivation disrupts the organic function of
wetlands rather than completely consuming them into total disappearance. Furthermore,
although CDW is the largest threat to wetlands in Diepsloot and Tembisa, household waste
from the case studies also presents threats (see Fitchett, 2017; Mangoro & Kubanza, 2023).
However, it is important to note that there are constant clean-up programs by NGOs like
Greater Kylami Conservancy (Gekco), FreshNGO and Wotiftrust, Boombadotmobi among
many others (e.g., Mosina, 2016; Fourways Review, 2017; Kirk, 2017). Clean up programs on
wetlands in the study areas specifically target household waste because of its relative ease
to manipulate and move. Heavy and ubiquitous waste such as CDW is deliberately ignored
because it requires massive capital investment and other logistical arrangements. Based on
this, wetlands will continue to face the threat of total disappearance as illustrated in the

simulation provided in this study.

4.4. Conclusion

This study provides a comprehensive analysis of LULCC in Diepsloot and Tembisa between
2000 and 2020. It is demonstrated that anthropogenic activities such as illegal dumping and
construction can cause massive environmental damage, particularly in the case of wetlands.
Furthermore, a predictive investigation of the state of wetlands in the study area from 2020
until 2040, indicates that if the current trend of human activities continues, wetlands in
Diepsloot and Tembisa are likely to almost disappear. This is particularly because of
construction and demolition waste which is used to infill wetlands, and subsequent
construction of makeshift housing which effectively consumes them. The findings of this
study provide a basis for decision making such as mitigation of environmental disasters such

as flooding and destruction of property before they happen.

On the basis of the findings of this study, a number of recommendations are made to reduce
the pressure on wetlands. First, there is need for wetland delineation and installation of steel
barriers to discourage direct deposition of construction and demolition waste and other
waste streams. Second, there is need for community education on the protection of wetlands

and the environment at large. Furthermore, community education on the ecosystem services
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provided by wetlands is required especially when South Africa has been classified as water
scarce country. Additionally, it is critical to educate communities on the health implications
of wetland pollution. These are critical recommendations because wetlands in the study area
are located close to residential areas and are therefore easily accessible for environmental
crimes. Furthermore, there is need for massive wetland rehabilitation programs in the study
area because construction waste is voluminous and heavy, and therefore cannot be eroded
easily. This means that with repeated deposition, wetlands will eventually disappear. Finally,
there is need for a multistakeholder environmental management approach where NGOs,
local municipalities, private companies, local communities among others collaborate. This is
a critical approach to governance because involves sharing of resources, information and
skills required to achieve environmental sustainability. Ultimately, the recommendations
are critical because they lead to restoration of critical ecosystems in a water scarce country

like South Africa.
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CHAPTER FIVE

ANALYSIS AND DISCUSSION OF FINDINGS

Overview of the chapter

This chapter provides an amalgamated discussion of the findings of this study. The
significance of this chapter is that it brings into focus all the issues raised in previous
chapters (based on the publications), with a view to establish interrelationships and causal
links between issues raised or observed in this study. This is an important part of the study,
because it helps to establish a basis for the formulation of potential solutions to achieve

environmental sustainability in construction and wetland conservation.

The chapter begins with a discussion of the factors affecting sustainable management of
CDW in the context of SSA, with greater emphasis on South Africa. Next, the chapter presents
a discussion of the current methodological approaches to the management of CDW in South
Africa, in order to identify the weaknesses associated with them, and ultimately, to propose
possible solutions. Then, the chapter proceeds to discuss the effects of CDW disposal on
wetland ecosystems in the Gauteng Province of South Africa (specifically Diepsloot and

Tembisa townships).

It is established through the key discussion points in this chapter that there is a direct
correlation between barriers to CDW management in South Africa, with methods currently
deployed to manage the waste stream. The limited efficacy of these methods is also directly
linked to the phenomenon of dumping in wetlands in the study area. Ultimately, the dumping

leads to massive loss of wetlands, as illustrated in previous chapters.
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5.1. Construction and demolition management barriers in sub-Saharan Africa.

The construction sector in SSA has grown significantly in recent decades, and this is due to
several reasons, including population growth and economic expansion (Fitchett &
Rambuwani, 2022). However, while economic growth is the goal of every country, expansion
of the construction sector leads to massive generation of CDW, especially in the absence of
lean building strategies (see Fitchett & Rambuwani, 2022). This is the case in SSA countries
like South Africa, where local urban authorities are struggling to cope with the massive
volumes of CDW generated in the last two decades. It was found that the South African
construction sector has generated approximately 5 to 8 million tons of CDW per annum for
the last twenty years (Bester et al, 2017; DEA, 2018). On further investigation, this
estimation is probably far from accurate, because both the population in South Africa, and
by extension, the construction sector, have grown significantly in the last twenty years,
meaning that the production of CDW has also expanded. This is supported by the fact that
even the South African government acknowledges the problem of poor solid waste data

reporting or collection in the country (DEA, 2018).

From the synopsis of literature presented in Chapter 1, it was observed that sustainable CDW
management is vigorously reliant on the presence of strong and efficient institutions that can
provide a balance between achieving urban growth and maintaining environmental
sustainability. According to Ostrom (2005), institutions are guided by both formal and
informal rules, where formal rules are directed by legal structures and informal rules are
ethical in nature. Therefore, since rules can be both legal or implicit, strong institutions in
waste management are guided by environmental ethics in a way that balances with economic
growth. Yet, the literature discussed in this study suggests that the SSA region lacks strong
institutions to achieve this (e.g. Godfrey & Nahman, 2007; Laubscher, 2012). For instance,
SSA countries such as South Africa have weak local institutions that are characterized by an
incessant lack of capacity and competent human resources to implement city processes such
as sustainable waste management (e.g. Godfrey & Nahman, 2007; Ferronato & Toretta,
2019). This problem emanates from systemic corruption in recruitment processes and

financial governance leading to inefficient and unethical handling of city processes (see
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Godfrey & Nahman, 2007; Laubscher, 2012; Godfrey et al., 2019), such as CDW management.
From the absence of such strong and ethical institutions, it is clear and obvious that service

delivery suffers severely.

In addition, weak institutions in SSA countries like South Africa manifest in the form of the
lack of capacity for municipalities to transition to sustainable global initiatives such as the
closed loop system and its three principles of ‘reduce’, ‘recycle’ and ‘reuse’ CDW. A closed
loop system provides significant environmental and economic benefits for a given economy.
For example, the practice of circular economy systems in construction is well-entrenched in
city governance systems in developed countries, especially those in Europe, where recycling
rates top 70% (e.g. Wahlstrom et al., 2020). This reduces the volumes of CDW, and the need
for extraction of fresh aggregates from the environment, thereby working towards the

achievement of sustainability in construction.

Furthermore, it is important to note that the success of closed loop systems in developed
countries is reliant on strong and coherent institutional systems which are supported by
dedicated legislation or policies (e.g. the Waste Framework Directive of 2008). In developed
countries, success of closed loop systems in construction is linked to the presence of relevant
technologies and competent personnel to operate the associated machinery. When analysed
closely, the presence of relevant technology and personnel is heavily linked to strong
institutions that are service delivery oriented. In an ethical and functional set up like this,
local authorities provide the necessary materials and human resources to achieve their
constitutional mandates. In contrast, SSA countries like South Africa lag significantly in this
regard due to multifaceted issues. This means that globally accepted sustainability vehicles
such as closed loop systems are hard to achieve in South Africa. The problems with achieving
sustainability in construction in South Africa are therefore clearly linked to institutional

failure.

It is observed in this study that institutional problems are not limited to local municipalities,
but also extend to national level. It is clear, when municipal financing systems are brought
into focus, centralization of financial systems is widespread (e.g. Erk, 2014; COSATU, 2023).

As mentioned in Chapter 1, centralized political systems are typified by control of major
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governance processes at the national level where bureaucracy is ever present (see Erk, 2014;
Worrall et al,, 2017; COSATU, 2023). In South Africa, bureaucracy and interparty political
machinations often lead to disbursement of municipal funds only at the end of a fiscal year
(Laubscher, 2012; Worrall et al.,, 2017; COSATU, 2023). This has major service delivery
ramifications which affect sustainability-related initiatives, such as CDW management, in
South Africa’s major cities. Therefore, it is not an exaggeration to argue that centralization of

power at the national level also affects city-level processes.

Poor institutional systems at national level also manifest through a lack of dedicated waste
policy in SSA countries like South Africa. The lack of policy dedicated to construction waste
is a serious institutional weakness, and a barrier to sustainable CDW, because construction
processes generate the largest amount of waste globally. While in developed countries such
as in Europe they have policies like the ‘Construction and demolition waste management
protocol’, SSA countries depend on generic policies and laws such as the National
Environmental Management: Waste Act 59 of 2008, and the National Environmental
Management: Waste Amendment Act of 2014. These legal instruments generically describe
how solid and liquid waste, inert and non-inert waste should be governed in South Africa.
While these legislations provide a basis for waste management in South Africa, this study
argues that this is only ‘representational’ in nature. This is because the two Waste Acts are
generic, and do not explain how to manage non-toxic waste like CDW, which is casually
designated as ‘general waste’ based on the view that it does not pose an immediate threat to

the environment.

It is argued that this conceptualization of inert CDW emanates from a humanist view of the
world, where the interests of humanity go beyond nature and other entities (see Rusen,
2006). What is directly linkable to local institutions is that these legal instruments influence
the formation of by-laws, which also classify inert CDW as general waste based on its lack of
toxins. The classification of some waste streams as hazardous and immediately risky to the
environment is based on the presence of toxic chemicals within them. For example, disposal
of asbestos in riverine environments leads to migration of silicon, which is harmful to water
quality and aquatic life (e.g. Erba & Cantoni, 2019). Yet, when asbestos material is still

attached to a building, it presents gradual damage to the environment and/ or human health
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(USDHHS, 2014). This analogy can be successfully applied to inert CDW, which can be
immediately dangerous to ecosystems such as wetlands through massive sedimentation, not
toxicity. Yet, when placed in a landfill, CDW only leads to rapid consumption of space, which
is considered as a gradual environmental threat. In this perspective, sustainable
management of CDW in SSA countries such as South Africa is impeded by the nature of the

waste law, which fails to recognize issues of waste temporality in relation to pollution.

5.2. Methodological Imperatives for Construction and Demolition Waste in South
Africa

The methods and approaches currently deployed in the management of CDW in South Africa
are inextricably linked to the institutional failures discussed in the previous section. It is
argued that weak institutions, characterized by corruption, poor financing, and other
problems, pave the way for many unsustainable ways of handling waste. The emergence of
unsustainable ways of handling waste in South Africa suggests the involvement of multiple
actors in the handling process. As the findings of this study suggest, CDW management in
South Africa involves environmental NGOs, municipalities, construction companies and their
third-party contractors. As a result of institutional failure, the first two organizations are
typically involved in environmental remediation while the latter two are generally involved
in unsustainable waste handling activities such as illegal dumping, and this is an obvious
indication of a breakdown in municipal systems such as law enforcement. It is argued that
weak institutional performance motivates CDW management methods such as illegal
dumping or infilling of wetlands in some parts of major cities to make space usable for illicit
construction as argued in previous chapters. Environmental crimes of this nature are
committed by some unscrupulous construction companies and their sub-contractors due to

poor laws and weak enforcement, among other reasons.

From this study, it was found that the methods currently deployed in CDW management in
South Africa can be classified as ‘sustainable’ or ‘unsustainable’. According to the data set
informing this study, landfilling, remediation, and occasional recycling are some of the
methods that can be classified as sustainable because of their perceived environmental

benefits. However, when investigated further, landfilling of inert waste does not suggest a
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method that is sustainable because CDW rapidly consumes landfill space due to its physical
attributes, particularly in the absence of closed loop methods. Placed in the context of
existing literature in South Africa, some landfill sites that used to permit the disposal of CDW
in Johannesburg have been closed off due to full capacity (Simelane, 2017). On the other
hand, even though recycling exists in South African major cities like Johannesburg, it is
hindered by the lack of maintenance of the associated machinery, which results in a total halt
to closed loop systems. Thus, while recycling is an environmentally sustainable initiative, in
the presence of weak institutional systems such as in Johannesburg, its success is not
guaranteed. Additionally, although remediation conducted by NGOs and municipalities
moves waste from places of illegal disposal to municipally permitted spaces such landfill
sites, it only represents a change in location, and removal from public spectacle. In addition
to this, remediation is financially unsustainable, and this could explain why illegal disposal

sites are proliferating in major cities like Johannesburg.

5.3. Effects of CDW on wetland ecosystems

The discussion points to the fact that CDW management methods used in South Africa leads
to massive environmental degradation. Methods such as illegal dumping typically affect
wetland ecosystems, which are targeted for illegal dumping to evade landfill disposal fees or
infilling to create dry land for illegal construction. From the field observations, which are
supported by pictorial evidence throughout this study, inert CDW is typically the object of
illegal disposal in affected wetlands. When using the logic of South African waste law, inert
CDW does not pose an immediate threat to the environment. Yet, from the findings of this
study, it is suggested that this position is not adequately informed by scientific facts. This
investigation found that inert CDW immediately impedes the ability of wetlands to perform
their functions such as water filtration, flood attenuation, provision of habitat and fresh
water to various species, carbon capture, and river recharge among others, and this is
supported by an existing study in the studies area (see Mangoro & Kubanza, 2023). This
study illustrated that wetlands in the research area suffered massive sedimentation in the
last 20 years due illegal dumping of CDW for various reasons. A predictive study based on

dumping trends in the last 20 years suggests that by 2040, wetlands in the study area will
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almost disappear, which attests to the ability of inert CDW to cause massive environmental
deterioration. It is argued that the environmental performance of CDW should also be
determined based on the location of disposal and not through toxicity as enshrined in South
African waste law. Therefore, it is obvious from this argument that South Africa needs a
revision of current waste laws, or the formation of new ones, to cater to specific waste

streams and their potential to disrupt the environment.

5.4. Solutions for sustainable CDW management in South Africa

In light of the challenges faced in CDW management in the study areas, and South Africa at
large, this study has suggested that a blend of the two waste management concepts of
circular economy and industrial ecology can be effective. The practical aspects of this
solution involve the establishment of an online platform/ database of construction and
demolition sites in Gauteng or South Africa at large. On this platform, all types of waste
generated at construction sites and their precise location can be recorded. CDW produced at
these sites can be used at other construction sites and minimise extraction of raw materials
from the environment. In this proposed method, unused cementitious CDW can be used to
manufacture new construction materials such as bricks or paving blocks. This can be
achieved by crushing cementitious CDW and mix with crushed plastic waste sourced from
other industries in the true tradition of industrial ecology. Implementation of this method,
together with stringent CDW legislation can effectively reduce pressure on the environment,
particularly through illegal dumping and extraction of raw materials. It can therefore be
observed that a blend of circular economy and industrial ecology can be profitable in the

management of CDW.

5.5. Conclusion

This study investigated several issues concerning construction and demolition waste
management in Johannesburg and Ekurhuleni. Itis clear from the findings that CDW presents
many urban environmental challenges that arise from political and administrative
deficiencies. These problems lead to major environmental sustainability challenges in the

absence of tailor-made solutions for cities in developing countries like South Africa. This
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study has recommended a major solution which requires a blend of circular economy and
industrial ecology to effectively manage CDW in SSA. The study proposes that for effective
use of the proposed hybrid method of CDW management in South Africa, an online platform
uniting all the relevant stakeholders must be developed by City of Johannesburg Municipality
and City of Ekurhuleni Municipality for the sharing of critical information about construction

waste. To eliminate these problems, several suggestions are presented in Chapter 6.
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CHAPTER 6

GENERAL CONCLUSION AND RECOMMENDATIONS

Overview of the chapter

This chapter is composed of a summary of the key findings of this study, and it also provides
recommendations for future studies on CDW management in South Africa. The significance
of this chapter is that it summarizes the main findings of the thesis and provides links to the
overall goals of the study. As highlighted in Chapter 1, the general aim of this study was to
investigate CDW management processes in SSA, using South Africa as a case study, in order
to understand how this affects wetland ecosystems. The specific objectives of the study were
to create an inventory of the challenges or barriers to sustainable CDW management in South
Africa. The other objective of the study was to determine the impacts of CDW on the
functionality of selected wetland ecosystems in Diepsloot and Tembisa (City of Johannesburg
and City of Ekurhuleni Municipality). Furthermore, the study aimed at proposing a suitable
methodological approach to sustainably manage CDW in SSA, using South Africa as a case
study. The final objective of the study was to propose ways in which stakeholders in
construction can collaborate to effectively manage CDW to achieve environmental

sustainability.

The aim of the study emerged from a gap in extant literature and empirical observations in
the study areas in the last 5 years in the Gauteng Province. An online article by Gekco (2018)
states that suburban CDW was rapidly filling wetlands in Diepsloot and surrounding areas.
However, there has been no notable academic study to investigate this growing
environmental problem in the Gauteng Province and South Africa at large. Therefore, the aim
and objectives of this study were centred on proposing methods for sustainable management

of CDW as a strategy to reduce or eliminate dumping in wetlands.
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6.1. Key Findings

Using a hybrid research approach of semi-structured interviews, existing literature, and GIS
and remote sensing techniques, this study has demonstrated that CDW is a major urban
environmental problem in South African cities. This arises from several significant
challenges that can be traced to institutional failure, for example, shortage of landfill space
and technologies required to achieve circularity in construction, and poor law enforcement
among other challenges. Although the study found several significant barriers to sustainable
CDW management in Johannesburg and Ekurhuleni, it is argued that a shortage of landfills,
accompanied by exorbitant landfill disposal fees are largely responsible for the widespread
illegal dumping in wetlands across the study areas. To reduce or eliminate this problem, it is
argued that a collaborative strategy involving stakeholders such as municipalities, non-
governmental organizations, construction companies, and law enforcement agents among
others, should be established. It is additionally argued that a collaboration of these
stakeholders should be based on an online-based information system where data sharing is
the primary focus. This collaboration would focus on generating ideas on how to rehabilitate
wetlands in the study areas. For example, physical removal of waste from the affected
wetlands using both mechanical systems and direct human labour. In addition, it would be
crucial to delineate and buffer the wetland in the area and establish a roster in which

community member are designated as custodians to avoid repeated dumping.

Another major finding of this study is that CDW poses significant threats to the overall
functionality, and ultimately the existence of wetland ecosystems. It is argued that although
CDW is generally regarded as inert (chemically inactive) and therefore constitutes ‘general
waste’ which does not pose immediate threat to the environment (NEMA no: 59 of 2008),
this is not always the case. This study finds that inert CDW can cause an immediate threat to
the environment depending on the location of disposal. Due to its massive volumes, CDW
disposal results in massive sedimentation that disrupts the ability of wetlands to provide
ecosystem services such as flood attenuation, water filtration, carbon sequestration, and
habitat provision, among other functions. As a result, disruption of wetland function can lead

to floods, habitat loss, and loss of life, among other negative outcomes. Ultimately, this study
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argues that the conceptualization or classification of waste cannot be based only through the

lens of toxicity and its ability to cause harm, but also on its physical characteristics.

Another major finding of the study is that there is need for a change in the methodological
approaches to CDW management in South Africa. It is argued that the current methods
deployed in the management of CDW, including disposal in landfills, illegal dumping, and
reactive remediation among other ways, are environmentally unsustainable. Therefore, it is
argued that an amalgamation of two kindred concepts of ‘circular economy’ and ‘industrial
ecology’ can offer a sustainable strategy to CDW management in South Africa. Through this
hybrid methodology, itis proposed that plastic waste from industries outside of construction
can be used together with crushed cementitious CDW to manufacture eco-bricks that can be
used in making paving material. This strategy has been used successfully in countries like
Singapore through a company called ‘ReBricks®” and massive volumes of plastic waste and
CDW have been reclaimed into material of capital value. In addition to this, this hybrid
method also incorporates licensed waste pickers to reclaim reusable waste such as bricks,
and so reduce the amount of material termed as ‘waste’. Finally, the success of this hybrid
method requires municipal or private sector investment in recycling machinery to

significantly reduce CDW.

It is ultimately argued that the factors affecting environmental sustainability in the
construction sector emerges largely from institutional failures. It is found that municipalities
in South Africa are unable to effectively deliver their constitutional mandate to ensure a
clean and healthy environment as a result of administrative and financial misappropriation.
However, it must be noted that institutional failure is a problem that is also applicable to
construction companies that lack systems and strategies to ensure sustainable handling of

CDW.

s www.rebricks.id
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6.2. Recommendation for improvement of CDW management in South Africa

Although studies related to waste management has gained considerable attention in the last
decade in South Africa, not much has been done to investigate how best to achieve
sustainable CDW management in the country. For example, although there is mention of the
environmental benefits of the transition to a circular economy, very little has been done to
investigate how best to achieve circularity in construction, especially considering the
political and economic landscape in South Africa. This study has proposed a hybrid approach
which amalgamates facets of ‘circular economy’ and ‘industrial ecology’ which if

implemented can produce significant environmental benefits.

Construction processes are typically preceded by full or partial demolition of existing
structures to generate land for new buildings. Many buildings in the Gauteng province,
particularly in the City of Johannesburg have become structurally impaired or unfit for
modern use. This has led to numerous cases of demolition around the city, which causes
massive and rapid generation of CDW. Similarly, construction of new buildings, particularly
involving mega structures can be observed in both the City of Johannesburg and City of
Ekurhuleni. The construction processes also generate massive volumes of CDW in the
absence of measures to reduce waste. As this study has found, there is rampant illegal
dumping of CDW in both the City of Johannesburg and the City of Ekurhuleni, especially in
wetlands close to informal settlements. From this state affairs, it is clear that critical
solutions can be developed to sustainably manage CDW by establishing relevant
collaborations between actors involved in the generation of CDW (constructors and

demolishers).

To sustainably manage CDW through a collaboration between waste producers, there is a
critical need for establishment of an online platform that registers all construction sites in
the study areas, although this strategy can be adopted on a bigger scale. This platform is
critical for documenting the magnitude of construction or demolition sites, and the quality,
types and/or volume of CDW generated. Depending on these characteristics, CDW at one site

can be used at another building project, and minimise waste to landfill, or waste to wetlands.
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Additionally, CDW producers can collaborate through planned educational workshops on
waste management. Among other ways, educational workshops can be conducted on how to
minimise waste before, during and after the construction or demolition phase. For example,
the commonly used method of demolition in South Africa is the razing down of structures
without consideration for reuse of materials. This emerges from the lack of training on how
to sustainably manage construction phase during all construction phases. On the basis of
this, it is crucial to establish educational workshops for personnel in construction and

demolition of buildings on how to sustainably manage CDW.

In addition, the Construction Board of South Africa can introduce mandatory certification for
construction workers on circular economy as basic requirement for employment.
Considering the economic condition in South Africa at large, it is necessary to make the
certification either free or affordable for the target groups. It is crucial to note that most
general workers at construction sites generally hold limited to no educational qualifications
which significantly diminish their economic prospects. Therefore, it can be a prudent idea to
offer the certification for free or at low cost to attract the target market, and to reduce illicit
recruitment for construction projects in the study areas, and South Africa at large. The
Construction Board unites all personnel in the sector, and its resolutions establish direction

of operations in the sector.

Itis however important to note that the challenges faced in CDW management in South Africa
cannot entirely be ascribed to the construction industry alone. As the study has shown,
sustainable CDW management in South Africa is hindered by strong institutional problems
such as alleged corruption, poor recruitment practices, poor policing and lack of funding. To
reduce these problems, the first step can include a human resources audit where all
employees can be assessed against their primary roles. This is critical since local
municipalities are often criticised for alleged corrupt hiring practices. This process can be
used to eliminate unqualified or incompetent officials, leading to the establishment of an
effective workforce. In terms of the limited funding, with an effective workforce, it is possible
to search for funding from public and private organisations to improve CDW management
processes. Additionally, with this workforce, the funds can be effectively used to manage

CDW, such as the purchase of machinery (crushers, skips, trucks e.t.c). Regarding the poor
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policing, this is also linked to an effective workforce. This means that with a competent
workforce, effective collaborations with municipal and state police can be made, leading to
effective law enforcement. In light of this, it is possible to achieve sustainable CDW
management in South Africa. It is important to note that the success of institutions and their

activities is premised on a competent workforce.

6.3. Recommendation for future studies

Although this study has recommended several ways to sustainably manage CDW in the study
areas and South Africa at large, more is required to achieve the desired environmental goals.
Therefore, several studies are still required to investigate the current construction processes
and how to sustainably manage CDW. This study has revealed that there is limited
knowledge on the environmental effects of CDW in South Africa. The existing studies tend to
peripherally mention how poor construction waste management can lead to massive
environmental deterioration. However, such studies offer very little to the understanding of
the environmental effects of CDW management in the context of South Africa and SSA at
large. Based on this, it is recommended that more research must be done to investigate and
quantify the environmental impacts of CDW on both terrestrial and marine environments.
Studies of this nature are crucial because they enhance human understanding of the
environmental performance of materials, which is very important in the formation or
strengthening of policy. This study posits that the classification of non-toxic CDW as general

waste which poses little threat to the environment is not based on empirical studies.

Further to the above, it is argued that future studies on ways to protect wetlands is very
important in the context of South Africa. If the current intensity of illegal dumping in
wetlands continues in the next twenty years, wetland loss is going to continue. This is a major
environmental problem which affects both humanity and the environment. For humanity, it
must be noted that South Africa is classified as a water-scarce country, and therefore,
wetlands are crucial in the supply of water, while for the environment, loss of wetlands leads
to loss of habitat, and loss of the ability to attenuate floods among many other functions. On
this basis, it is argued that there is need for studies on how to protect wetland ecosystems in

low-income areas where much of the illegal dumping occurs. It is recommended that
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wetlands in the study area need robust rehabilitation programs to restore their integrity.
This is crucial because the area is prone to floods that are partly facilitated by the poor state
of wetlands in the area. Apart from the rehabilitation, there is need for the wetlands to be

buffered and be protected as areas of local tourism.

Finally, there is a need for studies that investigate environmental crimes in construction at
the national level. In Chapters 2 and 3, it was observed that CDW transportation to landfills
involves either construction companies or their sub-contractors. It was also discovered that
despite claims by some construction companies that they demand accountability from their
sub-contractors, illegal dumping is fast-growing as evidenced by the immense presence of
illegally dumped CDW across the City of Johannesburg and City of Ekurhuleni. Studies that
follow the movement of CDW from the point of generation to the point of disposal are
therefore required. Such studies are crucial in the attempts to eliminate environmental

crimes related to the construction sector.
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APPENDICES

APPENDIX A

UNIVERSITY OF THE
WITWATERSRAND,
JOHANNESBURG

Participant Information Sheets for Studies

NB: This Participant Information Sheet was deployed to participants who participated in this

study regardless of their institution or organization.

RE: Invitation to participate in a studies study titled “A Geographical Analysis of the
Impacts of Demolition Waste on Wetland Functionality in South Africa: A Study of

Gauteng Province.”
Dear Sir/Madam,

My name is Ngonidzashe Mangoro, a PhD in Geography and Environmental Studies student
in the School of Geography, Archaeology and Environmental Studies at the University of the
Witwatersrand in Johannesburg. As part of my studies, [ am required to undertake a studies
project which speaks to the above-mentioned degree program. This said, | am investigating
the impacts of demolition waste on wetland functionality in Diepsloot and Tembisa

townships in Johannesburg.

Given the above, I am writing to invite you to participate in a telephonic, online or one to
one interview depending on the COVID-19 national regulations or your preference at the

time of data collection. This process will be undertaken at the financial costs of the study
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investigator, and you will therefore not be required to incur any costs. However, should you
choose an online interview (Microsoft Teams, Zoom or Skype), you will be required to have
internet connection which may mean some costs on your end. The interview process will
take approximately 30 minutes. You will not receive any direct benefits for participating in

this studies study, and there are no disadvantages or penalties for not participating.

The study investigator would like to request for your permission to audio record the
interview whether it is done in person or virtually. The study investigator would also like to
request for photographs of wetlands polluted with construction and demolition waste in the
three case study areas of Diepsloot, Tembisa and Alexandra if you have them. Please note
that you have the right to accept or decline this request. You will be requested to state your
decision regarding this request on the ‘Consent Form’ which needs your signature for
authentication. Regarding your personal security, whatever interview platform used, the
studies write-up process will be guided by anonymity and confidentiality. Therefore, your
name, or any other identifiable information will not be disclosed. Your name will be
substituted with a false one (pseudonym) in my write ups. Furthermore, the transcripts will
be scanned and uploaded onto password secured cloud, and the physical copies will be
stored in a lockable security cabinet at the university of the Witwatersrand. If you are happy
for the information you will provide to be used anonymously by other researchers in the
future, it will be made available to them with all identifiers removed. If you feel
uncomfortable with the information being shared in the future for future studies purposes,
please feel free to let me know. If at any point you are uncomfortable with any question, you
do not need to answer it and if you want to stop the telephonic or online interview we can

stop at any time.

If you have any queries after the interview, please kindly feel free to contact me or my
supervisor on the below listed contact details. The study will be compiled into a study report
which will be available on the University of the Witwatersrand’s ‘Wired space’ website.
Furthermore, parts of the study will be published in accredited international studies
journals. I will provide you with the details once the articles have been published. If you wish
to receive a summary of this report, I will be happy to send it to you upon request. If you have

any queries, concerns, or complaints regarding the ethical procedures of this study, you are
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welcome to contact the University Human Studies Ethics Committee (non-medical),

telephone + 27(0)11 717 1408, email address: hrecnon-medical@wits.ac.za.

Yours sincerely,
Study Investigator,
Ngonidzashe Mangoro

Email: 1546170@students.wits.ac.za

+2783 398 3594
Supervisors: Professor Mulala Danny Simatele

Email: Mulala.simatele@wits.ac.za

Office telephone: +2711 717 6602
Co-supervisor: Dr. Nzalalemba Serge Kubanza
Email:

Serge.kubanza@wits.ac.za

Office Telephone: +2711 717 6515
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APPENDIX B

UNIVERSITY OF THE
WITWATERSRAND,
JOHANNESBURG

CONSENT FORMS
Telephonic/ One to one Interview

Invitation to participate is a PhD studies study titled “A Geographical Analysis of the Impacts

of Demolition Waste on Wetland Functionality in South Africa: A Study of Gauteng Province.”

, agree to be a respondent in the above-mentioned
studies study. Mr. Ngonidzashe Mangoro, a PhD in Geography and Environmental Studies
student at the University of the Witwatersrand invited me to participate in the study because
[ am an expert in the field of environmental management and sustainability in South Africa.
As agreed with him, I will participate in this study through either a telephonic interview or
one to one interview depending on the national COVID-19 pandemic guidelines. | have been
notified of my right to withdraw from the studies process at any time I wish. Furthermore, |
have been notified of my right to confidentiality and anonymity, and as such, my decision is

indicated below:
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PLEASE TICK ONE

[ agree that the student may use anonymous quotes in his report
[ agree that the information I provide may be used

anonymously by other researchers following this study

[ agree that the researchers may audio record this interview

[ agree to provide the studies with access to photographs of

Wetlands polluted with construction waste if I have them

Participant’s signature............coecuu..... Student’s Signature........ccceceevierieenceeseennne

YES

YES

YES

NO

NO

NO
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TELEPHONIC OR ONLINE INTERVIEWS

UNIVERSITY OF THE
WITWATERSRAND,
JOHANNESBURG

QUESTIONS FOR NATIONAL GOVERNMENT AUTHORITIES

SECTION A

Participant profile
1. What is your gender?

4. How long have you been in your industry?
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SECTION B
1. What laws or regulations govern the demolition of structures and what measures are

taken to implement them?

2. What challenges does the national government face in managing demolition waste in

South Africa?

3. Who is primarily responsible for demolition waste management in South Africa and is

there policy articulating this?
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4. There are widespread cases of dumping demolition waste in wetlands across South Africa.

What work has been done by the national government to mitigate this?

5. What steps have been taken by the national government to support a transition to the

circular economy in the construction and demolition industry

7. Is there a taskforce comprising government departments and private environmental
organisations for the management of wetlands and other water resources in relation to

waste management?

8. Is there gazetted policy designed specifically to manage or conserve wetland ecosystems

against threats from human activities in South Africa?

9. What can the national government do to improve the conservation of wetland

ecosystems in South Africa regarding solid waste management?
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APPENDIX C

UNIVERSITY OF THE

WITWATERSRAND,

JOHANNESBURG

TELEPHONIC OR ONLINE INTERVIEW SCHEDULE
CONSTRUCTION AND DEMOLITION ORGANISATIONS

SECTION A
Participant profile

1. What is your gender?
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SECTION B
Questions for demolishers and constructers
1. Is the demolition process monitored by government authorities or an independent

observer?

3. What are the pre-demolition procedures or audits that you follow to reduce significant

waste output?

6. Are constructors and demolishers working together to manage waste in Johannesburg?

Please explain how.

7. Why is there widespread dumping of construction and demolition waste in

Johannesburg?
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8. Why is there widespread demolition waste dumping in wetlands across Johannesburg?
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APPENDIX D

UNIVERSITY OF THE
WITWATERSRAND,
JOHANNESBURG

TELEPHONIC OR ONLINE INTERVIEWS
PARASTATALS
SECTION A

Participant profile

1. What is your gender?

5. Do you belong to a network/ association of organisations that promote sustainable

environmental utilisation?
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7. What environmental remediation work in Johannesburg have you featured in since the

last 10 years?

SECTION B
1. In your view, how does demolition waste end up in wetlands across Johannesburg?

2. In your view, why are wetlands targeted for demolition waste dumping across

Johannesburg?

5. What remedial action efforts have you made to rehabilitate wetlands polluted with

demolition waste?

6. Are there laws in South Africa that particularly address the waste management issues

from the construction and demolition sector?
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7. What has the national or local government departments done to address wetland

pollution in wetlands in Johannesburg?

8. How should communities be involved in waste management programmes in

Johannesburg?

9. How do the current waste laws or regulations address demolition waste management

issues?

11. What is the effect of demolition waste dumping on wetland functionality in

Johannesburg?

13. What can be done to reduce or totally alleviate demolition waste production in the

context of Johannesburg?
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APPENDIX E

UNIVERSITY OF THE
WITWATERSRAND,
JOHANNESBURG

TELEPHONIC/ONLINE / ONE TO ONE INTERVIEWS
LOCAL GOVERNMENT ORGANISATIONS

SECTION A

Participant profile

1. What is your gender?

5. Do you belong to a network of organisations that promote sustainable environmental

utilisation?
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7. What environmental remedial work have you featured in since you joined your
industry?

SECTION B

1. What laws or regulations govern the demolition of structures and what measures are

taken to implement them?

2. Do you monitor solid waste management activities by the construction and demolition

sector in Johannesburg?

3. What are the challenges faced by the local government in managing construction and

demolition waste?
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4. What steps have been taken by the local government to support a transition to the

circular economy in the construction and demolition industry?

4.1. If there are some measures, what action is taken to ensure compliance to these

directives?

5. Why do you think there has been increased dumping of demolition waste across

Gauteng in the past 10 years?

6. Who are the stakeholders responsible for demolition waste management in South

Africa and is there policy articulating this?

7. There are widespread cases of dumping demolition waste in wetlands across

Johannesburg. What work has been done by to mitigate this?

8. Does the local government have a strategy for wetland conservation across Gauteng

particularly in relation to solid waste management?
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8.1. If a strategy exists, what does it entail, and which stakeholders are involved?

9. Is there a law or gazetted policy designed specifically to manage or conserve wetland

ecosystems against threats from human activities in South Africa?

11. What can the local governments in South Africa do to improve the conservation of

wetland ecosystems in South Africa?
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Appendix F

UMIVERSITY OF THE
WITWATERSRAND
JOHANMESBURG

Research DSice

HUMAMN RESEARCH ETHICS COMMITTEE (NOMN-MEDICAL)

R14/48 Mangorn

CLEARANCE CERTIFICATE

PROJECT TITLE

INVESTIGATOR(S)
SCHOOL/DEPARTMENT

DATE COMSIDERED

DECISION OF THE COMMITTEE

EXPIRY DATE

DATE 22 May 2023

EROTOCOL NUMBER: HZZW07119

A Geographical Analysts of the impacts of Demoltion Waste on
Wetand Funciionality in South Africa: A Study of
Gauteng Prowince

Mr N Mangoro
Geography, Archaecsogy and Environmental Studies/

22 July 2022

Approved
Risk Lewvel: Low

21 May 2026

-

W
S

CHAIRPERSON Y

{Profesaor J Watermeyer)

cee Supervisor @ Prof M Simatele and Or 8 Kubanza

Signature

DECLARATION OF INVESTIGATOR(S)

To be completed in duplicate and A SIGNED COPY returned to the Secretary electronically. Unreported changes o the
application may invalidate the clearance given by the HREC (Mon-Medical)

IWe fully understand the condiions under which | amiwe are suthonzed to camy out the abovementioned ressarch and
liwe guarantee to ersure compliance with these condiions. Should any departure be contermplated from the reseanch
procedure &3 approved |iwe undertake to submit an amendment of the protocod to the Commities. liwe agree to
completion of a regular progress report. For Minimal and Low Risk studies, this is due annually on 31 December.
For Medium and High Risk studies, this is due twice annually on 30 June and 31 December.

Date

PLEASE QUOTE THE PROTOCOL NUMBER ON ALL ENQUIRIES
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