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ABSTRACT

Water scarcity poses a critical challenge to sustainable development, particularly in regions
grappling with its profound implications. In response to this challenge, this study undertook an
in-depth exploration into water conservation practices during the construction of housing
projects in Cape Town, South Africa. The primary objective was to identify solutions that could
alleviate the strain on freshwater resources within the construction industry. The investigation
unfolded across various dimensions, from pinpointing reusable water applications to

highlighting innovative practices and emphasising water-efficient methodologies.

The study findings showcase a promising path forward. Reusable water, identified as a viable
substitute in specific construction activities such as dust suppression, bricklaying and concrete
curing, emerges as a key player in mitigating water consumption. The study champions the
use of recycled water, affirming its practicality without compromising construction quality.
Innovative solutions, including the adoption of curing agents and the implementation of grey

water for non-potable uses, signify the industry's responsiveness to water scarcity challenges.

The water-efficient practices embraced by the construction sector further underscore its
commitment to sustainability. From recycled water usage to the implementation of misting and
atomising systems for dust suppression, the industry has demonstrated a proactive stance.

These practices not only reduce water wastage but also align with broader ecological goals.

Crucially, this research extends beyond mere identification; it proposes a roadmap for the
industry's future. Recommendations encompass educational initiatives, technological
adoption and collaborative efforts to create a holistic approach to water conservation. By
illuminating the nexus between responsible water management and construction practices,
this study contributes to the evolving discourse on sustainable development, offering practical

insights for not only Cape Town but also other regions facing similar water challenges.
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CHAPTER ONE

INTRODUCTION TO THE STUDY

1.1 Background to the problem

The scale of construction in South Africa is growing, many buildings are under construction
and cities are expanding. The demand for urban housing is at an all-time high, with over
2.7 million low-cost government houses already having been built within the past 15 years,
and yet the housing backlog still remains extreme (Ernest Harsch, n.a) and is estimated at
2.1 million (Gerber, 2018). In 2021, the housing shortage reached 3.7 million and was
estimated to be growing at 178,000 annually (CAHF, 2021).

To meet the increasing housing demand, more houses must be built, a practice that also will
automatically increase the demand for natural resources such as land and water. The
construction sector, in common with all industries, must adhere to the Sustainable
Development Goals (SDGs) (UN website, 2023). The objective of SDGs is to guide existing
companies and countries as to how they can implement their strategies and measures and
manage their contribution to the SDGs. Some SDGs items that are particularly relevant to the
construction sector include the reduction of wasteful water consumption, CO> emissions
caused by existing buildings, among others. As a result, housing construction must be
conducted in the most sustainable way possible in order to preserve the natural environment
and, at the same time, provide affordable housing with access to clean pipe-born water,
sewage disposal, sanitation, transport, education, healthcare and child development (Eziyi &
Egidario 2015). However, a recent study conducted by Vawda & Hugo, (2022) shows that in
South Africa “the provision of low-cost housing struggles with high levels of energy wastage,

inefficient water use and high carbon footprints”.

Sustainability encompasses various dimensions, ensuring a better quality of life for present
and future generations (Kuhlman & Farrington, 2010). It involves achieving social progress,
effective environmental protection, prudent resource use and maintaining economic growth
and employment levels. Mollenkamp (2023) defines sustainability as the ability to maintain or
support a process continuously over a period of time, with a purpose of preventing depletion
of natural or physical resources for future purposes. Essentially, sustainability aims to balance
human needs with environmental preservation, fostering harmony between society, the

economy and the ecosystem.

Sustainable construction entails the creation and responsible management of a healthy built

environment, emphasizing resource efficiency and ecological principles (Zabihi et al., 2012).
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This involves minimizing negative impacts and maximizing positive ones, achieving a balance
across environmental, economic and social performance (ibid). Key objectives include
resource and energy efficiency, pollution prevention and remaining in harmony with the

environment through integrated approaches (ibid).

The construction industry's sustainability performance exhibits a mixed picture. While there
have been advancements in adopting sustainable practices such as energy-efficient design
and eco-friendly materials, challenges persist in other areas including waste management and
carbon emissions (Mfon, Bessie, & Ndifreke, 2024). Efforts to integrate sustainability into
construction processes are underway but broader implementation and adherence to

sustainable principles are needed for substantial progress to be achieved (ibid).

Moreover, the Constructing Excellence (2004) offers a comprehensive definition of
sustainable construction: “sustainable construction is all about ensuring a better quality of life

for everyone, now and for generations to come”, through:

a) Social progress which recognises the needs of everyone

b) Maintenance of high and stable levels of economic growth and employment, whilst
¢) Protecting and, if possible, enhancing the environment, and

d) Using natural resources prudently.

According to Sourani and Sohail (2011, p.8), despite many claims regarding the benefits that
sustainable construction can bring, sustainability still is not the primary focus in the
construction industry. This situation is still the case because recently, Musir et al. (2022 p.3)
argued that “there is a gap of knowledge and awareness on sustainable construction and its
practices”. Among the four aforementioned factors, this study focuses on the prudent use of
natural resources (e.g., water). This is because South Africa is considered a water-scarce
country and the increasing demand for water use can eventually lead to a scenario of excess
demand over supply. This scenario of excess demand for water use can be avoided by the
adoption of sustainability measures by moderating the patterns of water demand and, at the
same time, supporting innovative ideas of introducing new sources of water supply. In
consideration of the fact that water is a scarce but a vital resource, issues concerning water
conservation should also be considered as vital. According to the diagram below there are
seven principles of sustainable construction, however, this study focuses on one of those

principles:
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Diagram 1: 1 Sustainable Construction
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Although a sustainable construction design phase is imperative, according to the seven
principles of sustainable construction document, one of the ways to obtain water conservation

on the building site during the construction phase is:

“To help reduce your waste at your building site, make sure to use low impact materials that
are sustainability sourced and reused from other projects as well as sustainable recycling at

every stage of the construction process” (Sadler, 2021).

This study focuses on water use and water conservation during the construction phase of
housing projects. As mentioned above, water is one of the most vital resources in all aspects
of human existence, including housing construction. Water is required at every stage of
housing construction, in the preparation of mortar, mixing of cement concrete, for curing work,
cleaning tools and equipment and so forth. In a broader sense, the continuing availability of
freshwater is crucial for the construction industry. It is also critical for the continuity of modern
civilisation, for increased food security, energy security, poverty reduction, economic growth,
conflict reduction, climate change adaptation and biodiversity. This threat makes it vital that

all stakeholders, including the construction industry, enact measures to conserve water use.
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Water shortage is experienced globally at an unprecedented rate due to overuse and ever-

increasing demand (Young & Loomis, 2014).

1.2 Problem Statement

South Africa is not immune to the water shortage crisis (WWF, 2017) and the City of Cape
Town was reportedly one of the areas severely affected by water shortage between 2015 and
2018. While the construction projects are perceived to be water-intensive in usage
(Ramachandran, 2004), with a record of excessive water consumption (Waidyasekara &
Rameezdeen, 2016) water conservation particularly during the construction of housing
projects is yet to be fully investigated. While Musir et al. (2022, p.3) argue that “there is a gap
of knowledge and awareness on sustainable construction and its practices”, a study by
Moghayedi et al. (2023, p. 2) shows that in South Africa, “the provision of low-cost housing
struggles with inefficient water usage”. The usage of water during housing construction is high
and there is a lot of water being wasted during the building process, this study explores the
current practices of efficient water use and methods of conservation currently in practice

during the construction phase of housing projects in Cape Town.

1.3 Research Hypothesis

The research hypotheses to be tested in this study are:

H1: There are guidelines for water use in the construction of housing projects in South Africa.
H2: Construction sites primarily obtain water from municipal water sources during the
construction of housing projects in Cape Town.

H3: Water conservation methods are currently being implemented to some extent in the
construction of housing projects in Cape Town.

H4: The identification of challenges in implementing sustainable water conservation methods
during housing construction in Cape Town will provide insights into areas where specific
recommendations can be developed to improve water conservation practices.

H5: The investigation of strategies for water conservation implemented during the construction
of housing projects in Cape Town will reveal the extent to which water shortage challenges

influence changes in water usage practices and the adoption of water-efficient methods.
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1.4 Research Aim

This research study’s main purpose is to investigate water conservation practices in the
construction phase of housing projects in Cape Town in order to identify the sources of water
use, methods and practices of water conservation and offer solutions that can be adopted
during this phase to conserve water. In short, the study explores the factors of water use, the
methods of efficient water use and the mechanisms of water conservation in housing

construction in Cape Town.

1.5 Objectives

a) To investigate the guidelines for freshwater use in the construction of housing projects
in Cape Town.

b) To establish the sources of water used in housing construction projects in Cape Town.

c) To examine existing water conservation methods in the construction of housing
projects in Cape Town.

d) To investigate the challenges encountered in implementing sustainable water
conservation methods during the construction of housing projects in Cape Town.

e) To explore strategies for water conservation employed during the construction of
housing projects in Cape Town, including an examination of the current water usage

practices, challenges faced and their potential solutions in the construction industry.

1.6 Expected outcome
It is anticipated that this study will reveal the significance of efficient water use in housing
construction as a major contributor to water conservation and the prevention of a water crisis
problem. The study further aims to contribute to the body of literature on water use in housing
construction and it is envisaged that the findings of this study will contribute to theory and

practice in this field.
a. Theory Contribution

The findings of this study are expected to contribute significantly to theoretical advancements
in the field of water conservation within housing construction. Firstly, the study provides
empirical evidence regarding the effectiveness of various water conservation strategies in
construction activities in Cape Town. By identifying specific activities during which reusable
water can be employed, the study adds to existing theoretical frameworks by elucidating
practical applications of water conservation principles. Additionally, the study's exploration of

innovative practices, such as the use of curing agents and grey water for ablution facilities,
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expands theoretical understanding by showcasing emerging trends and alternatives in
sustainable construction practices. These contributions will enrich theoretical discourse by
offering insights into the feasibility and effectiveness of different approaches to water

conservation in housing construction.
b. Practice Contribution

On the practical front, the findings of this study hold significant implications for industry
practitioners, policymakers and construction stakeholders. Firstly, the identification of specific
construction activities suitable for employing reusable water provides practical guidelines for
construction companies aiming to adopt sustainable practices. By highlighting opportunities
for reducing freshwater consumption without compromising construction quality, the study
seeks to equip practitioners with actionable insights to effectively implement water
conservation measures. Moreover, the study's recommendations for educational initiatives,
training programmes and collaboration with government initiatives will offer practical strategies
for fostering a culture of water conservation within the construction industry. These
contributions bridge the gap between theory and practice by offering tangible
recommendations for integrating sustainable water management practices into construction

processes, the implementation of which will facilitate real-world impact.

1.7 Significance
The significance of this study is to draw attention to the problem of water conservation in the
construction of housing projects in Cape Town. The study relies on the findings to make
recommendations to both policy makers and stakeholders involved in housing construction on

the best methods of efficient water use during construction stage.

1.8 Scope of Study
The study analyses the perceptions of stakeholders in housing construction towards methods
of efficient water use during the construction phase. This study was conducted only in the city
of Cape Town in South Africa’s Western Cape Province. Cape Town has a housing backlog

of some 365,000 houses (Human, 2022) that the city’s municipality intends to build.
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1.9 Conceptual Framework

The major concern of this study was to investigate the process of water use and water
conservation during the construction phase of housing projects, with a focus on the means of
sustainable water use and conservation methods implemented in housing construction. There
are a number of factors contributing to the need for water conservation, including economic
factors, development factors, population growth, urbanization and climate change — all of
which have contributed to the water shortage. Two of the greatest challenges facing the
present century are that of water shortage and global warming. Due to the ever increasing
shortage of water as a result of the high demand for its use, there is a crucial need for all
stakeholders to adopt new methods of water conservation and the sustainable use of fresh

water.

Human activities such as construction, deforestation, agricultural and mining are the leading
causes of water scarcity. The task of addressing water scarcity requires an effective
application of values and the results of the sustainability actions that the current management
theories have developed and prescribed. According to specialists Blignaut and Heerden
(2009), South Africa’s unallocated water resources have dwindled to precariously low levels

and, consequently, it is likely that water demand will exceed water supply.

However, the above perceived crisis can be avoided by adopting water conservation methods.
Water conservation is related to water demand management, and strives to combine
economic, behavioural, technological and educational means to achieve the general objective
of lowering water consumption to reduce the need for water usage that may be economically,

socially and environmentally costly (Brooks, 2006; Tate. 1993).
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Diagram 1.2: Conceptual Framework
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The theoretical framework presented above addresses the relationships in housing

construction and its impact on water use. This study explores the further the use of water

efficiency and water conservation methods as well as alternative sources, including those of

‘reduce, reuse and recycle’, while identifying the barriers to their use in housing construction.

Overview of Research Methodology

Questionnaire design: The design of the questionnaire followed a Likert scale format,
whereby the participants were asked to indicate the options that best suited their
interpretation of the question.

Sampling Methods: A simple random sampling approach was employed to select
participants from stakeholders particularly involved in the construction of housing projects.
Data collection process: Both secondary and primary data was used. Secondary data
involved the gathering information from literature sources, while primary data was
collected by the use of a questionnaire tool, which was distributed to the selected sample
of respondents.

Data Analysis: The study used a mixture of quantitative and qualitative methods to
analyse data. This involved the use of various statistical techniques to analyse numerical

data as well as systematic methods for categorical data.
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1.11

1.12

1.13

o Reliability and Validity: The researcher ensured reliability and validity through selection
of trusted professionals who were capable of providing effective and relevant information
regarding the research objectives.

Ethical Considerations
Based on the internationally acceptable standards, the identities of the selected participants —
employees of government departments and constructions companies, stakeholders and
professionals — are not included in the research instruments. Therefore, all participating
individuals and organisations remained anonymous. No payment was made to people who

participated in the study and quality assurance was performed.

Limitations
This research study was limited to the construction phase in public sector housing projects in
Cape Town, South Africa. The study area will be limited to the following themes of the literature
review:
Water scarcity
Guidelines for freshwater use
Water Conservation and Efficient Use of Water

Barriers to Water Conservation.

Assumptions
It was assumed that participants from the selected construction companies would willingly

participate and provide relevant information necessary for this study.

1.14 Definition of Key Terms

Construction Industry: Construction industry refers to many concepts including the survey,

design, construction and maintenance after completion of construction (Wu et al., 2019).

Housing Construction: Housing construction encompasses a broad set of relationships

between house builders, financier(s), developers and the final user (Hayward, 2012).

Water use: Water use refers simply to the use of water for human and animal activities such
as agriculture, industry, energy production and households, plus for stream uses such as

fishing, recreation, transportation and waste disposal (UN, 1997).
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Water scarcity: Water scarcity refers to the lack of abundance or non-abundance of water
supply, that is expressed as the ratio of human water consumption to the available water
supply in a given area (Schulte, 2014).

Water Conservation: Water conservation refers to measures of water preservation, control
and development of water resources, both surface and groundwater and prevention of
pollution (United Nations, 1997).

Sustainability of Water Use: Sustainability of water use refers to limiting the wasteful use of
freshwater in order to meet various socioeconomic and environmental needs (Carter & Moir,
2012).

1.15 Chapter outline

The chapter outline provides the main sections of each chapter:

Chapter 1. The problem and its setting — this chapter introduces the background, problem
statement, research questions and objectives, the significance, the assumptions, limitations,

and ethical statement.

Chapter 2: Literature review — this chapter reviews on the need for housing and sustainability,
water scarcity and water usage in the construction of housing projects in Cape Town, and

methods of efficient water use and conservation during housing construction.

Chapter 3: Research Methodology — the research design and methodology are discussed in
more detail. The study used a mixed-method of quantitative and qualitative research to collect
and analyse data. The following issues are also discussed: research strategy, sampling

technique, sample size, methods of data collection and reliability and validity.

Chapter 4: Data Collection and Analysis — this chapter presents the findings derived from the
various demographic aspects of the study participants, their roles and experiences in the

construction industry. An in-depth analysis of the collected data is also provided.

Chapter 5: Discussion of Findings — this chapter discusses the findings based on an in-depth

analysis of the collected data.

Chapter 6: Conclusions and Recommendations — this chapter concludes the study, highlights
the limitations, recommends further study areas to be investigated and provides the summary

of the study.
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CHAPTER TWO

LITERATURE REVIEW

2.0 Introduction

This chapter provides a survey of relevant books and scholarly articles of the key subjects in
this research. It includes a summary of theories and concepts put forward by other scholars
and a critical evaluation of these works in relation to the research problem being investigated.
This chapter builds on the key terms of this study and includes a review of the construction of
housing projects, the conservation and efficient use of water; the barriers to water

conservation and its efficient use and the consequences of a water crisis.

2.1 Sustainable and Sustainable Housing Construction

Housing construction plays a huge role in the development of society for various reasons,
such as determining the quality of life, comfort, security and health. The demand for housing
occurs at an ever-increasing rate (Aalberts, 2015) as a result of the expanding population in
urban areas. This fact has contributed to the housing crisis (Aalberts, 2015; Potts, 2020) and
the pressure on governments and all stakeholders involved in the construction of housing
projects. Smith (2018) suggested that in order to meet this global housing demand, there is a
need to build approximately two billion homes before the end of the 21st century.

However, it is important to also consider the need for the sustainability of development
activities, such as that of ensuring that a better quality of life for everyone is upheld now and
for future generations. Sustainability in housing construction means focusing on energy
conservation and environmental protection among other factors. The purpose of this process
is to ensure the provision of affordable and sustainable housing. Mitlin and Satterthwaite
(1996) describe sustainable housing as:

shelter that is healthy, safe, affordable and secure within a neighbourhood with provision of
piped water, sanitation, drainage, transport, healthcare, education and child development. It
is also a home protected from environmental hazards, including chemical pollution. Also
important are to meet needs related to people’s choice and control, including homes and

neighbours which they value and where their social and cultural priorities are met.

(OECD, 2021) defined sustainability in construction as: “the creation and responsible
management of a healthy built environment based on resource efficient and ecological

principles”. The key issues highlighted above are the need for affordable and sustainable
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housing construction. In order to ensure the provision of such housing, identified four key
requirements as follows (OECD, 2021):

social progress that recognizes the needs of everyone,

effective protection of the environment,

prudent use of natural resources and

maintenance of high and stable levels of economic growth and employment.
Furthermore, for sustainable buildings to be upheld it is necessary to ensure:

resource efficiency,

energy efficiency (including greenhouse gas emissions reduction),
pollution prevention (including indoor air quality and noise abatement),
harmonization with environment (including environmental assessment) and

integrated and systemic approaches (including environmental management systems).

Considering that water is a non-renewable resource, the case for sustainability arises. Water
sustainability requires the adoption of water conservation methods. Stakeholders in the
construction industry, such as architects, surveyors, engineers, project managers and other
professionals who are responsible for making decisions, should ensure they adopt methods
of sustainable water use throughout the different stages of a housing construction project (Xing
et al., 2007).

The construction industry contributes significantly to the challenges of water shortage as well
as environmental degradation. Shen, Zhang, Zhang, Huang and Liu (2007) argue that
activities happening during the construction stage are closely linked to environmental impacts,
including the generation of waste and pollution. Baxter et al. (2004) also stated that the impact
of a housing project includes economic, environmental, natural resources consumption and
social characteristics. Xing et al. (2009) argued that water, fossil fuels and land are the most

important natural resources when considering a projects’ sustainability assessment.

In addition, the construction industry is also notorious for its poor water management practices,
particularly the management of water wastage (Waidyasekara & Lalith De Silva, 2017). Water
is not regarded or treated as a material of civil construction (Camilla et al., 2015). According
to Neto (2013), “this situation can be observed in compositions of costs of engineering services
that do not include the water as an input of current activities”. Camilla et al. (2015), points out
some of the activities that use water include compression of landfill, manufacture of concrete

and mortar, curing of concrete, testing for waterproofing, latex painting and cleaning.
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Despite the growing need for the construction industry to adopt principles of sustainability in
their operations, water management continues to be a neglected area (Walton et al., 2005;
Xing et al., 2007). The amount of water used in the construction industry is yet to be
investigated but such research is evidently a necessity. Aigbavboa, Ohiomah and Zwane
(2017) and Wu et al. (2019) noted that the construction industry is one of the major consumers
of water; however, very few studies have been published linking this fact with water scarcity.
So far efficient water use during housing construction has been given a low priority (Waylen
et al., 2011). There is an inadequate appreciation of the significance of water scarcity in
construction (Hawkins, 2013). The shortage of freshwater faced in South Africa calls for further
research into the methods of water conservation that can help to preserve water resources.
This study seeks to explore current practices, the possibility of water use efficiency and

methods of conservation relevant to the construction operations.

2.2 Water scarcity

The problem of water scarcity in South Africa is exacerbated by droughts and the demands
associated with population growth (Nhlanhla, 2020). South Africa is ranked as one of the 30
driest countries in the world with an average rainfall of about 40% less than the annual world
average rainfall (Gerbi, 2017). The state of water storage across the country was estimated at
64.3% of the normal full supply at that time. KwaZulu-Natal was sitting at 57% while
Hazelmere Dam, Goedetrouw Dam, Hluhluwe Dam and Klipfontein Dam were at critical levels.
According to a government report on national water security, an estimated 6 500 stand-alone
rural communities mostly situated in KwaZulu-Natal, Mpumalanga, Limpopo and North West
provinces experienced water shortages (Matshediso, 2015). As population, urbanization and
the effects of climate change continue to grow, competition for water resources is expected to
increase (World Bank, 2022). Freshwater is particularly constrained in proportion to its
required uses (Stenzel et al., 2019), which demands that stakeholders exercise control of how
it is used. There is plenty of evidence to show that freshwater biodiversity is already suffering
acutely from over-abstraction of water, pollution of rivers, lakes and groundwater as well as

poorly planned water infrastructure (WWF, 2009).

Despite the eminent danger of water shortage that countries such as South Africa are facing,
water scarcity is still considered an external risk factor in construction projects (Khan & Gul,
2017). However, several researchers have concluded that water scarcity will most certainly
cause delays in future construction projects (Assaf & AlHejji, 2006; Muhwezi et al., 2014).
When the construction industry is negatively affected due to water scarcity, then the real estate

industry is also be affected. Such a situation will contribute to project delays and poor-quality
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buildings.The costs to property investors may also rise when there are delays resulting in cost

overruns and consequent reductions in quality (Olawale & Sun, 2010).

According to Ramantswana, Mdingi, Maake & Vuyani (2021), the cost, time and quality are
the most common variables against which the success or failure of a project is determined. A
project is usually deemed successful when it is delivered at the required quality within the
agreed budget and timeframe (Larsen, J.K., Shen, G.Q., Lindhard, S.M. & Brunoe, T.D. 2016).
Failure to achieve these targets may be due to many aspects associated with internal and/or
external factors (Khan & Gul, 2017). Water scarcity or drought falls within the external factors
or risks over which the client and contractor have little control.

Similarly, water shortages translate into higher energy prices, higher insurance and credit
costs, and lower investor confidence, all of which further undermine business profitability (Orr
& Cartwright, 2010). More common than the risk of insufficient water is that of businesses
finding their comparative or competitive advantage undermined by cost inflation driven by
water scarcity. WWF (2009) argue that as water becomes scarce, water tariffs and other
pricing mechanisms tend to increase, due to greater competition for water between sectors,
higher water search costs, the need to drill deeper boreholes, higher pumping costs and
recouping the cost of expensive water transport schemes. Understanding water scarcity is

important for formulating policies on both a local and national scale.

Furthermore, Liu et al. (2017) argues that water scarcity has become a major constraint to
socio-economic development and a threat to livelihood in increasing parts of the world. Since
the late 1980s, water scarcity research has attracted much political and public attention (Liu,
etal., 2017). WWF (2009) pointed out that as the global population increases, so will the need
for: (i) doubling the water for irrigation to feed these ‘extra mouths’, (ii) building more dams to
generate new hydropower as economies develop and competition from the water demands of
bio-energy crops intensify and (iii) pollution of water resources will continue. Liu et al. (2017)
added that population growth, economic development and dietary shift (towards more animal
products) have resulted in an ever increasing demand for water and, consequently, pressures

on water resources.

Studies shows that the water problem is a governance crisis. The United Nations (2003)
indicated that water scarcity occurs when the aggregate impact of all users impinges upon the
supply or quality of water under prevailing institutional arrangements to the extent that the
demand by all sectors, including the environment, cannot be satisfied fully. Rogers (2003) also
pointed out that water scarcity is a “governance crisis and must not be looked at as a resource
crisis:. Indeed, at a global scale there is probably enough water to provide for the present and

future generation. But due to poor governance on the global scale, water management is not
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given priority, and this failure of governance is leading to depletion of freshwater resources
(WWEF, 2009).

To show that water scarcity is indeed a governance crisis, Falkenmark et al. (2007), identified
four drivers that contribute to physical water scarcity.

Demand-driven water scarcity — this factor occurs when water demand is higher than the
capacity of available water sources.

Population-driven water scarcity — this factor occurs when demand is population-driven. High
population levels place pressure on the amount of water physically available, leading to per
capita water shortages. According to UNICEF (2021), “physical water scarcity is exacerbated
by rapidly growing urban areas which place heavy pressure on adjacent water resources”.
Areas more susceptible to severe physical water scarcity — these areas are usually located
where high population densities converge with low availability of freshwater (FAO, 2007),
Gauteng and Western Cape provinces being typical examples (Mnisi, 2020).

Climate-driven water scarcity — this factor occurs when insufficient precipitation and high
evaporation create low available stream run-off, that leads to limited water availability. Climate-
driven water scarcity is exacerbated by global climate change, climate variability and recurrent
droughts. Mnisi (2020) stated that South Africa is recognised as a water-scarce country with
an annual precipitation of 450 mm. This figure is well below the world average of 860 mm per
year (Botai, Botai, de Wit, Ncongwane & Adeola (2017).

Pollution-driven water scarcity — this factor occurs when water quality is degraded to the point
that it is unusable. In this case the water may be available but remain unsuitable for beneficial
uses resulting in water scarcity (Mnisi, 2020). In South Africa the scarcity of freshwater is
exacerbated by the major increase in pollutant fluxes into river systems arising from river
catchments (Rand Water, 2017). These fluxes are caused by urbanisation, deforestation,
destruction of wetlands, industry, mining, agriculture, energy use and accidental water
pollution (Mnisi, 2020).

The rational for this research study arose from the fact that in 2015 Cape Town started to
experience drought conditions and water reservoirs reached even more critically low levels in
2017/18 (SIWI, 2020). The drought was driven by physical factors such as a lack of winter
rainfall and increasing temperatures attributable to the effects of climate change. According to
Organisation for Economic Cooperation and Development, it was exacerbated by anthropic
factors such as rising urban population and competition among local water users, all placing
enormous stress on the limited water resources (OECD, 2018). The 16 April 2018 was
supposed to be the day that Cape Town switched off its taps, known as Day Zero, defined as

the point at which the dam levels fell to 13.5%, therefore, requiring taps in the city of Cape
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Town to be shut off and severe water rationing to be implemented, requiring citizens to fetch
a daily 25 litres per person allocation at public points of distribution (SIWI, 2020). Although
Day Zero did not occur, the Cape Town water crisis exposed serious vulnerability to water
scarcity issues for the city, the surrounding urban agglomerations and the South Africa at
large. Thus, this study contributes to knowledge that can be applied towards ensuring future

water conservation.

2.3 Guidelines for Freshwater Use

It was stated that; “If we wish to build a sustainable future, the effective and wise use of water
is essential” (Guideline to Water Use, 2013). The National Water ACT (NWA) was drafted in
1993, its purpose was to provide a legal framework for the effective and sustainable
management of water resources in South Africa (Government Gazette, 2013). The Act
recognises that in as much as water is a natural resource and that it belongs to all people,
past discriminatory laws and practices hindered equal access and use of water. Accordingly,
the overall responsibility and authority over the national water resources lies with the
government and, more specifically, the Department of Water and Sanitation (DWS) as the
Custodian of the nation’s water resources (Government Gazette, 2013). The mandate for this
body is: to manage the use of water; protect water quality; allocate water and promote the
integrated management of water resources with the participation of all stakeholders.
Overseeing this task is the Ministry of Water and Sanitation that acts as the public trustee for
water resource management on behalf of the government. The Minister of Water and
Sanitation assumes the responsibility for all aspects of water management, including being
responsible for establishing how much water is used, by whom and where, in order to measure

how much water is actually available for use (Government Gazette, 2013).

One of the NWA'’s (1993) main concerns is industrial wastewater management. It prescribes
precautionary measures that water users must follow in as far as construction, maintenance
and operational practices are concerned. However, there appears to be no guidelines

regarding industrial freshwater use.

2.4 Sources of Water in Housing Construction

The construction industry consumes a considerable amount of water at every stage of a
project’s lifecycle during the construction phase. Water is necessary for the mixing of cement
concrete, preparation of mortar and curing of work. However, there is lack of literature

regarding the sources of water used and water saving practices implemented in housing
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construction. For instance, while Musir et al. (2022 p.3) argue that “there is a gap of knowledge
and awareness on sustainable construction and its practices”, Moghayedi et al. (2023 p. 2)
show that in South Africa “the provision of low-cost housing struggles with inefficient water

usage”.

Some researchers have investigated the use of wastewater in the making or curing of
concrete. Eriksson et al. (2002) wrote about the use of grey wastewater, e.g., wastewater from
kitchen, bathroom or laundry, suggesting that this kind of wastewater could be used in making
concrete without any dangerous effects. Other scholars have argued that the use of
wastewater in mixing and curing of concrete structures may reduce the environmental effects
due to this effective disposal of wastewater and will also minimize the cost of construction
(Jabri et al.; 2011).

The durability of the concrete is another issue that is raised. Durability refers to the ability of
the concrete to withstand chemical attacks, weathering conditions and the abrasion
consistency when exposed to environmental conditions. Su, Miao & Liu, (2002) states that
although concrete is considered durable when exposed to environmental conditions, it
suffers from deterioration in waste treatment plant structures. Varshney et al. (2021) added
that the type of wastewater and its components are dependent upon the source of
wastewater, stating that each type of wastewater causes different effects on the properties of

concrete.

Water consumption during housing construction is simply unavoidable. However, water
resource management in building construction and operation is still lacking, especially
because the amount of water used per unit area of construction largely remains
undocumented (Bardhan, 2011). This study places great importance on understanding the
methods of water management during housing construction and sheds light on the amount of

water that is used per unit area of construction.

It is evident that as the demand for housing construction increases, water use in the
construction of housing projects also increases. Given that the world is faced with water
constraint, there is a need to raise awareness of the issue of water conservation during the
construction phase (Botai et al. 2017), and for that reason, this research aims to investigate

water conservation during the construction of housing projects in Cape Town, South Africa.

In support of the above argument, a study by dos Santos & da Silva (2015) on water
consumption in construction projects in the city of Recife, capital of the state of Pernambuco,
Brazil, showed that the workers consume more than 50.0% of the water used while only

16,91% is used directly in the construction. It further showed that 25,19% is used in indirect
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activities, while less than 3.0% in utilized during the stages of coating and masonry and 15.0%
during the stages of structure and waterproofing (dos Santos & da Silva, 2015). In another
survey conducted in Pune, the traditional/conventional method of construction is used for most
residential projects and 0.5% for commercial, however, water consumption is high and water
is wasted, especially during curing (Patil, 2016). Hence it is deemed important for this study
to understand the water requirement in various construction activities, such as preparation,
casting and curing, as well as how to ensure the optimum use of water during construction,

thus, reducing wastage.

The industry of civil construction contributes significantly to the exhaustion of the natural
resources, especially water, and has the power to influence the use of this resource through
the implementation of conservation measures. Despite the studies undertaken regarding the
rational use of water in buildings, little has been explored on the construction stage. Due to
this lack of information, this study aims to investigate water consumption on construction sites
in the city of Cape Town. The study focuses on housing construction in Cape Town and,
therefore, people working in housing construction companies in Cape Town were considered
to be primary sources for the information regarding water use and methods of efficiency water
use in housing construction and, therefore, targeted as participants for the study. A Delphi
method was used for this research ensure reliability of information by consulting with experts

in the construction industry (Sourani & Sohail, 2014).

Studies that have focused on water efficiency during the construction stage of a building have
investigated various methods of efficient water use during the operational stage of a building
(Carragher, Stewart & Beal., 2012). Waidyasekara and Lalith De Silva, (2016) highlighted the
cost of water and sources of water as main drivers that promote efficient water use on
construction sites. The study also identified that the lack of priority for water management was

the main barrier among a host of other managerial functions.

Furthermore, a study conducted in the Western Cape, Gauteng, Mpumalanga and Limpopo
provinces of South Africa, on the effects of water scarcity in the construction industry, found
that although construction projects require considerable quantities of water, the volume of
water usage varies depending on the type and magnitude of the construction project

(Ramantswana et al., 2021).

Largely, however, water use during construction phase has been given a low priority (Waylen
et al.,, 2011), and there is an urgent need for water scarcity issues to be addressed.
Sustainable development in housing cannot be achieved without the essential elements of
environmental protection together with economic, social and cultural preservation for future

generations.
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2.5 Water Conservation and Efficient Use of Water

The shortage of water is arguably one of the most important challenges facing the world today.
Due to the growing shortage of freshwater, the future demand for water is one of the key
issues that must be addressed.

Water conservation refers to the effort to reduce water consumption. The Department of Water
and Sanitation (2000), defines water conservation as being the efficient use and saving of
water, achieved through measures such as water saving devices, water-efficient processes,
water conservation and demand management and water rationing. The Water Conservation
and Demand Management National Strategy Framework (DWAF, 1999a) interprets water
conservation as being the minimisation of loss or waste, the preservation, care and protection

of water resources and the efficient and effective use of water.

It has been argued that the demand placed on water resources has reached unsustainable
levels due to declining and increasingly variable rainfall patterns, population growth,
urbanisation and increasing per capita water consumption (Davison 2008; Dingle 2008;
Pigram 2007). The 2018 edition of the United Nations World Water Development Report
stated that nearly 6 billion peoples will suffer from clean water scarcity by 2050 (Boretti &
Rosa, 2019).

The challenge of climate change and how it has impacted attitudes and behaviour towards
water conservation has been raised. Randolph and Troy (2008) argued that climate change
and ecological crises have had little effect on the actual consumption behaviour of individuals,
households and communities. In contrast, Clark and Brown (2006) study conducted in Bulgaria
found that the more aware and informed people were about climate change, the more likely
they were to implement conservation measures in their home and, therefore, they concluded
that awareness of climate change and global warming was a significant factor in a person's
intention to conserve water. Indeed, Roseth's (2006) study of community views on water
shortage and drought identified that climate change was the second-largest factor that
participants felt contributed to water shortages. This finding suggests that, despite Randolph
and Troy's (2006) assertions, communities are connecting issues of climate change with their

water behaviours (Gilbertson, Hurlimann & Dolnicar, 2011).

In addition, water efficiency means promoting the sustainable use of water, while using
solutions that enable comprehensive reductions in the waste of domestic water (Department
of Water & Sanitation, 2022). Water efficiency aims to make the use of water sustainable to a

broader extent. The purpose is to both reduce unnecessary water consumption and make
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water consumption more sustainable by focusing on responsible solutions for the supply and

use of water (Department of Water & Sanitation, 2022).

According to Waylen et al. (2011), reducing water use on construction sites is possible if the
challenges of “value for money, the work environment and habit of workers can be overcome”.
Waidyasekara and Lalith De Silva (2016) argued that there is a need for behavioural change

among construction workers in order to enhance efficient water use on construction sites.

Water pricing has been used as a strategy to control water use in the belief that the right price
can encourage efficient water use (Johnson, Chairman ANC, 2014; Paula et al.; 2018). A
study conducted in Australia to explore the awareness of water use, in which it was argued
that if water users are unaware of the amount of water they are using, pricing controls may be
meaningless. The study findings indicate that one in five (19%) of all participants said they
knew how much water they used in a quarter (Randolph & Troy, 2008). Willis et al., (2011b),
stated that pricing of water was initially predicted to influence consumption but this belief has
been dispelled on the basis that residential water demand is largely price ‘inelastic’ compared
to other life essentials. Barrett (2004) revealed that only very large external water users are
likely to be sensitive to price changes.

Much of the effort made to enhance water efficiency and lower its demand in buildings has
focused on the water directly consumed by occupants, including the usage of efficient
appliances. While such measures have greatly reduced water usage, direct water
consumption within buildings represents only a small portion of the entire water demand (El-
Hameed, Mansour & Faggal, 2017).

In the construction industry, there are many soft measures related to policy, planning and
workers’ behavioural change that could be used to improve water use efficiency on sites
(Waidyasekara & Lalith De Silva, 2016) such as good housekeeping, monitoring and targeting
of water use and resorting to the use of available abstracted water. Waidyasekara and Lalith
De Silva (2016) considered monitoring and targeting water use as the first step in

implementing a water use efficiency programme on a construction site.

Several scholars (Azhar et al., 2011; Bourg, 2010, Bribian et al., 2011; Horne 2012; Joyce
2012; Juan et al., 2010; McComack et al., 2007; McNab et al., 2011; Savenije & Van der Zaag
2002; Tam & Lee, 2007; Utraja 2010; Waylen et al., 2011; Zhang et al., 2011) have identified
policies and planning recommended for implementation of water use efficiency programmes

on construction sites. These policies include:

developing a builder’s guidebook for reference,

29



implementing environmental policies on natural resources,

implementing a licensed water abstraction system (surface water/tube well),
increasing the unit rate for water,

integrating water efficient techniques during the pre-design and tender stage,
introducing a water action plan at the inception,

implementing rainwater collection and reuse,

introducing sub-metering systems,

implementing water auditing and

introducing water leak detection and monitoring systems.

Further, several other scholars have supported the need for attitude and behavioural change
on construction sites (Liu & Ping 2012; McNab et al., 2011; Shen et al., 2007; Tam & Lee
2007; Waylen et al., 2011). They identified the following methods to alter the alttitude and
behaviour of site workers such as the need to:

increase water awareness among workers,
improve monitoring and supervision,
assign responsibility and targets among the site staff and

introduce penalties for unsustainable practices by site staff.

Other scholars (Bourg, 2010; Juan et al., 2010; Tam & Lee, 2007; Utraja, 2010; Waylen et al.,
2011; Zhang et al., 2011) have supported the need for alternative construction methods

including the need to:

introduce curing agents,

implement closed loop systems,

introduce dry wall partitions instead of brick and block walls,
use admixtures/chemical additives,

use precast or prefabricated construction methods,

use pre-mixed concrete and pre-mixed mortar and

use steel intensive construction methods.

Lastly, Azhar et al., 2011; Bourg, 2010; Juan et al., 2010; Liu & Ping, 2012; Lockwood, 2006;
McNab et al.,2011; Waylen et al., 2011) and have argued in favour of the use of efficient

technologies in housing construction including the use of:

dust suppression vehicles with sprinklers,
efficient showers (low-flow showerheads),

fan misting systems for dust suppression,

30



high pressure trigger operated spray gun hoses,
low flush cisterns/urinals/waterless urinals,
pressure reducing valves,

sprinkler systems for curing concrete,

vacuum toilets and

washing bays for wheel washing.

Many studies focusing on the water use in construction during operation only may fail to
accurately identify the most optimum solutions for effectively improving the water efficiency of
any building, by solely highlighting the significant impact of water efficiency during building
construction (Ahmed Abd El-Hameed, Yasser Mansour & Ahmed Faggal, 2017).

Water conservation is essential to sustainable development and among human activities,
buildings are responsible for a significant portion of total water consumption. Pigram (2007)
stated that there is a substantial need for water conservation to ensure more sustainable water

management with minimal impact on economic growth or individuals’ quality of life.

South Africa is a water-scarce country (Department of Water Affairs and Sanitation, 2000).
The average annual rainfall is 500mm compared with the global average of 800mm and is
unevenly distributed both geographically and seasonally. Rainfall is also highly variable over
time, resulting in unpredictable and often lengthy droughts (McKenzie et al., 1999). The high
evaporation rates that prevail mean that much of the rain that falls is soon returned to the
atmosphere before it can be effectively utilised. South Africa is also poorly endowed with
groundwater (Department of Water Affairs and Forestry, 2000). Following the
recommendations made at the National Water Indaba held in Cape Town during November
2009, the Sustainable Water Management Plan (SWMP, 2017-2022) for the Western Cape
Province was developed. Its goal was to create a plan that is critically aligned with national,
provincial and local policy to enable effective collaboration across government departments
and all stakeholders who have a shared responsibility for achieving sustainable water
management in the Western Cape (Western Cape Government, 2018). In addition, according
to Department of Water Affairs and Forestry report (2000), “South Africa is a relatively dry
country, with irregular rainfall across the country and from year to year”. This situation calls
for all stakeholders to adopt water conservation strategies, including efficient water use in the

construction industry, agriculture and households, among others.

The Western Cape is supplied by two water management areas. OECD (2021) studies
indicated that the Breede-Gouritz catchment supplies 59% of the Cape Town supply while the

Berg-Olifants WMA supplies 41% (Western Cape Government, 2018, p.13) in the surrounding
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areas. Cape Town relies heavily on surface water. Indeed, Cape Town receives 95% of its
water from a system of 6 rain-fed dams that also supply agriculture and other urban areas
(Western Cape Government, 2018). The city of Cape Town provides water and sanitation
services to more than 4.2 million people via water and sewer connections that supply nearly
600 000 domestic properties (City of Cape Town, 2018, p.14) and basic services comprising
public water points and shared toilet facilities to about 230 000 households living in informal
settlements (OECD, 2021).

The Water Conservation and Water Demand Management Strategy is a fundamental step in
promoting water use efficiency and is consistent with the National Water Act (Act 36 of 1998)
which emphasizes effective management of South Africa’s water resources (Buyelwa, 2004).
The urgency to adopt principles of sustainability in water usage must start with policies to
regulate day-to-day activities (Walton et al., 2005). According to The Nature Conservancy
2018 report, current forecasts suggest that an additional 300-350 million litres (0.3-0.35 million
m3) of water a day will be needed by 2028 to ensure supply meets demand (The Nature

Conservancy, 2018).

2.6 Barriers to Water Conservation

Many studies have connected people's behaviours with their beliefs, perceptions and attitudes
(Ajzen, 2005). Recent research suggests that attitudes and perceptions also influence water
use behaviours (Clarke & Brown, 2006). For example, attitudes about water pricing and
allocation of water for recreation are known to influence water conservation (Syme, Nancarrow
& Seligman, 2000). Even when conservation programmes’ benefits far exceed their costs,
negative attitudes towards them can be a major barrier (Ward, Michelsen & De Mouche,
2007). For example, a study of water conservation in Mexico found that perceived water waste
by neighbours decreased the likelihood of residents conserving water (Corral-Verdugo, Frias-
Armenta, Perez-Urias, Orduna-Cabrera & Espinoza-Gallego, 2002). Conversely, belief that
the water utility and other members of the community are actively reducing their water use
increases the likelihood of conserving water (Jorgensen, Graymore & O'Toole, 2009).
Similarly, beliefs such as household water use will not make an appreciable impact on water
resources and water conservation methods are not reliable or effective, together with a lack
of knowledge of water usage, are major factors influencing household water conservation
(Teodoro, 2009). Trust in government has also been suggested as a possible driver of water
conservation and has been offered as a topic for future research (Jorgensen, Graymore
& O'Toole, 2009).
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Hurlimann (2008), conducted a study on the barriers to implementing water efficiency
practices in the built environment and found that policy was necessary for the incorporation of
water efficient initiatives. Furthermore, Hurlimann (2008) identified that the cost of
implementing water efficient initiatives was the main barrier. Other barriers include legislation

and institutional impediments and knowledge gaps (Hurlimann, 2008).

Addo et al. (2018) argued that behaviours that may influence water conservation are
constrained by barriers. Most identified barriers are related to personal capabilities such as
lack of knowledge and education about the need for water conservation and/or inadequate

conservation information.

The report by Waylen et al. (2011), titled An action plan for reducing water usage on
construction sites, highlights the issues regarding usage of sustainable water during
construction and targets to rectify these problems. Waylen et al. (2011) identified three major
barriers for introducing water use efficiency during construction, that includes value for money,
the work environment and workers’ habits. Policy is important not only for housing construction

but also to ensure that sustainability is a central part of housing projects (Ibid).

Barriers to water-conservation behaviour prevent people from acting pro-environmentally
regardless of their attitudes or intentions (Kollmuss & Agyeman, 2002). As mentioned above
water-conservation activities are more likely to occur when individuals believe that water is
scarce and when they perceive that other consumers are likewise conserving water (Corral-
Verdugo et al., 2002). Barriers and drivers of water-conservation behaviour are influenced by
many issues, including psychological factors such as values, beliefs, trust, affective
(emotional) reactions and attitudes (Smith, Brouwer, Jeffrey & Frijns, 2018), socioeconomic
factors such as income, water pricing and policies, environmental factors such as seasonal

variation and demographic factors such as age.

Fielding et al. (2012) stated that concerns about the installation and functionality of water-
efficient devices and the inconvenience resulting from practicing water-saving behaviour are
major problems for everyday water-conservation activities. Addo et al., 2018) conclude that
water-conservation behaviour can be improved if such practices are profiled to identify barriers

to and drivers of water-conservation activities.

Heberlein 2012) identified attitude as one of the above barriers and argued that attitudes
toward water conservation behaviours are likely to depend on the exact behaviour towards
which the attitude is directed. Conservation behaviours that require higher degrees of lifestyle
change may be challenging for most people to adopt and, therefore, individuals may express

less positive attitudes toward such behaviour (Heberlein 2012).
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An Australian study on people’s attitudes to water conservation and their reported practices
suggested that Australians generally had very positive attitudes to water conservation and
water-saving equipment (Dolnicar & Hurlimann, 2010, pp. 43-53). An analysis of U.S.,
Australian and UK studies found that retrofitting projects installing efficient appliances resulted
in water consumption reductions of between 9 and 12% (Singha & Aljamal, 2020).

Another Australian study found that water conservation is important among 94-98% of
participants (Singha & Aljamal, 2020). This difference could be due to the increased
awareness that Australians have water scarcity issues in many areas. Furthermore, Singha
and Aljamal (2020) refer to various UK studies in UK, that found a strong connection between
water scarcity encounters with water awareness and water conservation action. A study by
Head and Muir, (2007, pp. 889-905) shows that 69% of people who perceived that there was
a low water scarcity chance also identify as not being water conscious. In relation to the theory
of planned behaviour (Ajzen, 1991, pp. 179-211), the most immediate predictor of behaviour
are intentions that represent a motivation or desire to engage in an action. In addition,
intentions are influenced by attitudes, subjective norms and perceived behavioural regulation
(Singha & Aljamal, 2020). Furthermore, personal moral beliefs about the environment are
expressed as feelings of responsibility to use natural resources in a restricted manner and
these feelings may have a positive impact on pro-environmental behaviour (Singha & Aljamal,
2020).

2.7. Conclusion

It becomes apparent from the above thorough examination of existing literature that the topics
of water use and conservation in housing construction have not received adequate attention
in recent scholarly discourse. While some literature exists on these subjects, much of it is
outdated and fails to address the current challenges and advancements in the field.
Consequently, there is a clear gap in the literature that necessitates further research and the
generation of updated information to address contemporary issues and developments in water

conservation practices within the context of housing construction.

Moreover, the review of literature underscores the critical importance of addressing water use
and conservation within housing construction, especially in regions facing water scarcity
challenges such as Cape Town and other areas of South Africa. The limited availability of
recent literature highlights the urgency of conducting fresh research to fill this gap and provide
current insights into effective water conservation strategies and their implementation in

construction activities. By conducting new research, scholars and practitioners can contribute
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to the advancement of knowledge in this area and provide practical solutions to mitigate the

negative impact of construction activities on water resources.

Furthermore, the review of outdated literature emphasizes the need for researchers to explore
emerging trends, technologies and best practices in water conservation within housing
construction. By conducting updated research, the study can build upon existing knowledge
and address the evolving needs and challenges of the construction industry in adopting
sustainable water management practices. This renewed focus on current literature can inform
policy development, industry practices and academic discourse, ultimately leading to more

effective and sustainable approaches to water conservation in housing construction.

The review of literature highlights the imperative for conducting fresh research to fill the
existing gap in knowledge and provide updated insights into water use and its conservation in
housing construction. According to the existing literature there is water wastage in the building
processes and not many studies have investigated this subject intensively. By addressing this
gap, the researcher intends to contribute to the advancement of theoretical understanding and
practical applications in the field, ultimately fostering more sustainable and environmentally
responsible construction practices.
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Research Methodology

This chapter outlines the research methodology employed in collecting and analyse data. It
includes the research design, the methods and tools of data collection, reliability and validity
of the methods of study, and the limitations encountered. Additionally, the chapter is set up in
alignment with the research aim and the rationale for data collection.

3.2 Research Design

Research design plays a pivotal role in structuring data collection and analysis. Quantitative,
gualitative and mixed-methods approaches offer distinct strategies for investigating research
guestions. The methodology encompasses data collection methods, research design and data
analysis techniques. The study followed a quantitative approach for data collection with a mix
of qualitative data. The study used a self-designed questionnaire to collect both quantitative
and qualitative data, which included closed-ended questions and open-ended questions
respectively. While quantitative research aimed at numerical analysis to establish
relationships between variables, qualitative research explored the aspects difficult to quantify
mathematically (Almeida, Faria & Queirés, 2017). And therefore, by using this mixed-methods,

the research aimed to offer a comprehensive understanding of the research problem.

3.2.1 Quantitative Research

Quantitative research, as opposed to qualitative research, focuses on numerical data and
employs statistical analysis to explore cause-and-effect relationships between variables
(Hennink, Hutter & Bailey, 2011). This approach emphasizes objectivity and generalizability,
making it suitable for testing hypotheses and drawing conclusions based on empirical
evidence (Leedy & Ormrod, 2010). In the context of the study on water conservation practices
in housing construction, quantitative research offers a structured framework for systematically
examining the relationships between variables such as construction methods, water usage,

and environmental impact.

By adopting a deductive approach, this study aims to validate hypotheses derived from
existing theories or empirical observations (Leedy & Ormrod, 2010). This approach involves
formulating specific hypotheses based on theoretical frameworks or prior research, then
collecting data to test the validity of these hypotheses (Hennink et al., 2011). In the case of
water conservation practices, hypotheses may include predictions about the effectiveness of

specific construction techniques or the relationship between water usage and project cost.
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Quantitative research methods allow for precise measurement and quantification of variables,
enabling researchers to analyse data objectively and draw statistically sound conclusions
(Nieuwenhuis, 2007). By employing standardized instruments such as surveys or
experiments, researchers can collect consistent, comparable data across different contexts,

enhancing the reliability and validity of their findings (Leedy & Ormrod, 2010).

Overall, quantitative research provides a rigorous framework for investigating complex
phenomena such as water conservation practices in housing construction. By systematically
testing hypotheses and analysing numerical data, researchers can gain valuable insights into
the factors influencing water usage and identify strategies for promoting sustainable

construction practices.

3.2.2 Qualitative Research

Qualitative research, in contrast to quantitative approaches, delves into the nuances and
complexities of real-world phenomena, prioritizing depth of understanding over breadth of
information (Leedy & Ormrod, 2010). This methodological approach is well-suited for
investigating the multifaceted nature of water conservation practices during housing
construction, as it allows researchers to explore the contextual factors and social dynamics

that shape these practices.

One of the key strengths of qualitative research lies in its ability to capture the rich, nuanced
experiences and perspectives of individuals within their natural environments (Leedy &
Ormrod, 2010). Methods such as case studies, ethnographies and content analysis offer
researchers a range of tools for exploring these complex processes. For instance, a case
study approach may involve in-depth examinations of specific construction projects to uncover

the underlying factors influencing water usage decisions and conservation efforts.

Ethnographic research, on the other hand, involves immersive, prolonged engagement with
construction professionals and stakeholders to gain insights into their behaviours, attitudes,
and cultural norms related to water conservation (Leedy & Ormrod, 2010). By embedding
themselves within construction sites or project teams, researchers can observe firsthand how

water management practices are enacted and negotiated in real time.

Content analysis provides yet another avenue for qualitative inquiry, allowing researchers to
systematically analyse documents, reports and other textual materials related to water
conservation in construction (Leedy & Ormrod, 2010). This method enables researchers to
uncover patterns, themes and discourses surrounding water usage and conservation within

the industry.
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Overall, qualitative research offers a holistic understanding of water conservation practices
during housing construction by illuminating the social, cultural and organizational dynamics
that shape these behaviours. By employing diverse methodologies and engaging directly with
stakeholders, researchers can uncover valuable insights that may not be captured through
guantitative approaches alone.

3.2.3 Mixed-Methods Research

Mixed-methods research represents a comprehensive approach that combines qualitative and
guantitative methodologies to provide a more holistic understanding of the research problem
(Denscombe, 2007). By integrating multiple methods within or across paradigms, researchers
can triangulate findings, validate results and gain diverse perspectives on the phenomenon
under investigation (Hennink et al., 2011).

The integration of qualitative and quantitative approaches in mixed-methods research offers
several advantages. Firstly, it allows researchers to capitalize on the respective strengths of
each method. Qualitative methods, such as interviews and observations, enable researchers
to explore complex phenomena in depth, uncovering underlying meanings and contextual
factors that may not be captured through quantitative measures alone (Leedy & Ormrod,
2010). On the other hand, quantitative methods provide systematic, numerical data that allow

for statistical analysis, hypothesis testing, and generalizability of findings (Denscombe, 2007).

Moreover, mixed-methods research emphasizes the importance of triangulation, which
involves comparing and contrasting findings from different sources or methods to validate
results and enhance the credibility of the study (Hennink et al., 2011). By examining the
research problem from multiple angles, researchers can develop a more comprehensive
understanding of the phenomenon, mitigating the limitations of any single method
(Denscombe, 2007).

The selection of mixed-methods techniques should be guided by the research topic,
guestion(s), aims and the competencies of the researcher (Hennink et al., 2011). Additionally,
the successful integration of qualitative and quantitative methods requires a significant
investment of time, skills and resources, highlighting the importance of careful planning and
execution (Leedy & Ormrod, 2010).

Overall mixed-methods research offers a flexible and rigorous approach to inquiry, allowing
researchers to address complex research questions and generate rich, nuanced insights into
the phenomena under investigation (Denscombe, 2007). By combining qualitative and
guantitative methodologies, researchers can leverage the strengths of each approach to

produce more robust and comprehensive findings.
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3.3 Research Approach

The chosen research methodology aligns with the study's objectives and aims to address the
research problem effectively. Quantitative research offers a systematic approach to analyse
numerical data, validate hypotheses and assess relationships between variables. By
employing this approach, the researcher aims to fill the gap in understanding water use and

conservation practices during housing construction in Cape Town.
Data Research sources adopted in the study:

i.  Primary Data — Literature review

ii. Secondary data — Structured Questionnaire with open-ended questions.

3.4 Chosen Research Methodology for the Study

The research involved the use of quantitative and qualitative methods to systematically
analyse the collected data and transform it into meaningful information. This study utilized a
structured questionnaire of closed-ended and open-ended questions to collect both
guantitative and qualitative data from the respondents. The questionnaire comprised Likert

scale questions ensuring comprehensive data collection (Rene & Adonisi, 2009).

3.5 Data Collection Techniques

Data collection involved the use of a self-designed questionnaire with both closed-ended and
open-ended gquestions. The questionnaire designed by the researcher was designed using
google link forms which was sent to respondents via email and via WhatsApp platforms where
they could directly complete the questionnaire. The researcher experienced some challenges
to get back the responses from respondents and had to follow up with phone calls to
respondents. Eventually had to print the questionnaires and physically take it to the responds
who did not respond to the online approach of using the google form link and wait for them to
complete the questionnaire. The questionnaire was distributed to a sample of 204
respondents. The sample included construction professionals at government departments,
particularly the Department of Human Settlements and operational professionals of three
different constructions companies. The professionals included Project Managers, engineers,
Architects, Quantity Surveyors, Health and Safety consultants. This ensured a representative

sample.

The researcher identified qualitative research approach as the major technique to conduct this
research because of its advantage to reach a large number of respondents. Based on the
literature review there are exiting studies investigating water usage during building

construction processes therefore the study aimed to test theory and build it from ground up.
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3.6 Reliability and Validity

Ensuring the reliability and validity of research instruments is paramount to producing accurate
and credible results. In this study, rigorous measures were taken to enhance the validity and
reliability of the questionnaire used for data collection.

Validity, a concept that refers to the accuracy and trustworthiness of research findings, was
addressed through various techniques. Expert consultation and pilot testing were conducted
to validate the questionnaire and ensure that it effectively measured the intended constructs
(Maxwell, 1996). Additionally, the questionnaire was designed to reflect the desired
measurements, enhancing its construct validity according to the criteria set by Leedy and
Ormrod (2010). Techniques such as triangulation, respondent validation and grounded data
were employed to further improve the validity of the study (Denscombe, 2007). By
incorporating these measures, the study aimed to minimize bias and ensure that the findings

accurately reflected the research objectives.

Reliability, on the other hand, pertains to the consistency and dependability of the
measurement instrument (Leedy & Ormrod, 2010). To assess reliability, Cronbach's alpha
coefficient analysis was conducted using statistical software such as SPSS. This analysis
examined the correlation of item scores for questions expected to yield consistent responses
(Kumar, 2010). A Cronbach's alpha coefficient closer to 1 indicates higher reliability, with
values above 0.7 generally considered ideal (Kumar, 2010). By conducting reliability analysis,
the study sought to reduce measurement error and ensure that the data collected were reliable

and consistent across participants.

By addressing validity and reliability concerns through expert consultation, pilot testing and
statistical analysis, the study aimed to produce robust findings that could withstand scrutiny
and contribute to the existing body of knowledge on water conservation practices during
housing construction. These efforts underscored the commitment to conducting rigorous

research and generating meaningful insights into the research problem at hand.

3.7 Limitations
Despite the meticulous methodology employed, this study encountered some limitations which

warrant acknowledgment to contextualize the findings and interpretations.

Firstly, the study relied solely on the questionnaire as a tool for data collection. While the
survey questionnaire offered valuable insights, incorporating interview and observation

methods could have enriched the study by providing deeper contextual understanding and
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enabling triangulation of data sources (Maxwell, 2013). Follow-up interviews, for instance,
could have offered additional perspectives and validated the questionnaire findings,
enhancing the study's generalizability.

Secondly, obtaining permissions from construction companies posed challenges. This
hindered the collection of comprehensive data and may have introduced selection bias,
impacting the sample’s representativeness. Despite efforts to engage with key individuals,

logistical constraints and bureaucratic processes limited access to crucial information.

Thirdly, the geographical scope of the study was restricted to the Western Cape province of
South Africa. While this focus allowed for in-depth exploration within a specific context, it also
limited the generalizability of the findings to other regions or settings. A more extensive
geographic coverage could have provided broader insights into water conservation practices

in housing construction.

Moreover, the study faced challenges in targeting specific occupational categories for data
collection. While efforts were made to include diverse perspectives, certain occupational
groups, such as operational staff, were not adequately represented. This limitation may have
overlooked valuable insights from these stakeholders and, thus, skewed the findings of this
study.

Lastly, the study's design necessitated a focus on positions in technical, management and
technology areas, as recommended by Kuratko et al. (2014). However, this approach may
have overlooked valuable contributions from other occupational categories within the
construction industry. Achieving inclusivity while maintaining relevance to the research
objectives proved challenging, highlighting the need for careful consideration of participant

selection criteria in future studies.

By acknowledging these limitations, the study aims to provide transparency and context to its
findings. While these constraints may have impacted the scope and generalizability of the
research, they also underscore opportunities for future inquiry and methodological refinement

in the field of water conservation practices during housing construction.

3.8 Chapter Summary

This chapter explained the methodological approach employed to investigate water use and
conservation practices during housing construction in Cape Town. It details the approaches
and methods used to collecting and analysing and interpretating data to address the research

objectives. Despite limitations, the chosen methodology facilitated comprehensive data
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collection and analysis, laying the groundwork for the subsequent chapters' findings and
discussions.

CHAPTER FOUR

DATA COLLECTION AND ANALYSIS

4.0 Introduction

To comprehend the dynamics of water conservation within the realm of housing construction
in Cape Town, South Africa, an in-depth analysis was conducted on the collected data. This
chapter is a presentation of the findings derived from the various demographic aspects of the

participants and their roles and experiences in the construction industry.

4.1 Profile of Participants

4.1.1 Gender representation

Graph 4.1: Gender representation
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Source: Azola, 2024

The gender distribution of the participants indicates a noticeable majority of male participants,
constituting 70.2% of the total sample while females accounted for 29.8%. This discrepancy
in representation could potentially point toward gender specific trends in the construction

domain.

4.1.2 Age group representation

The participants' age distribution offered a diverse perspective. The age group analysis
revealed that the majority of participants fell within the 31-50 range, representing 51.0% of the
total. Notably, the 25-30 age group accounted for 35.6%, followed by the under-25 group at
7.7%. The older age brackets (51-60 and 60+) constituted a smaller proportion, signifying

potential generational differences in the construction industry as depicted in the graph below.

Graph 4.2: Age representation of respondents.
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Source: Azola, 2024

4.1.3 Education Attainment

In terms of education, the majority of participants held a bachelor's degree (61.5%) and were
closely followed by those with a diploma (14.4%). A significant portion had completed their
honours degree (12.5%), while a smaller yet notable number possessed a master's degree
(4.8%). This distribution hints at the educational background that contributes to the

understanding and application of water conservation practices in construction projects.

4.1.4 Professional Representation
Graph 4.3: Professional representation

Representation by Profession

Others

Architect

Quiality Surveyor

Engineer

Health and Safety Consultant _

Project Manager

Source: Azola,2024

Graph 3 above shows the participants' professional roles and underscores the multifaceted
nature of the construction industry. Project managers emerged as the largest group (35.6%),
closely followed by engineers (21.2%) and health and safety consultants (19.2%). Quality
surveyors (9.6%) and architects (10.6%) also played significant roles. These findings highlight

the collaborative nature of water conservation efforts, encompassing a spectrum of expertise.
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Graph 4.4 Period of working in the current position
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The above chart describes the longevity of participants in their current roles, the data unveiled
that a substantial portion of participants (39.1%) had been in their positions for 5 to 10 years.
Those with less than 5 years of experience constituted 33.7%, while those with over 10 years
accounted for 27.2%. This temporal distribution offers insights into the accumulation of

experience and its potential impact on water conservation practices.

In addition, participants were asked if they were participants in the local government housing
construction projects. The results of the analysis revealed that a significant proportion
constituting 79.3% of the sample, affirmed their involvement in such projects. Conversely,
20.7% of the participants indicated that they were not involved in local government housing
initiatives. This divergence in participation suggests a notable engagement of professionals in
projects led by the local government thereby potentially influencing the implementation of

water conservation strategies within these projects.

Overall, the analysis of these demographic factors provides a comprehensive understanding
of the participants involved in housing construction projects in Cape Town. These findings lay
the groundwork for further exploration of the intricate interplay between demographics, roles

and water conservation practices within the construction industry.
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4.2 Guidelines for Efficient Water Use and Conservation

In the pursuit of comprehending the strategies employed for efficient water use and

conservation within the construction of housing projects in Cape Town South Africa, the

analysis delved into participants' perceptions and practices concerning various guidelines.

This section discusses the findings from the responses to the questionnaire and explores their

alignment with the existing literature.

The participants were presented with a series of statements regarding guidelines for efficient

water use and conservation in housing construction projects. The responses were measured

on a scale ranging from "strongly disagree (1)" to "strongly agree (5)", along with an "unsure,

(6)" option. These findings are presented in Table 4.2.1 below.

Table 4.2.1: THE GUIDELINES FOR EFFICIENT USE AND CONSERVATION OF
FRESHWATER IN THE CONSTRUCTION OF HOUSING PROJECTS

Statements

No

Strongly
disagree

(%)

Disagree

(%)

Somewhat
agree

(%)

Agree

(%)

Strongly
agree

(%)

Unsure

(%)

We use a
builder’s
guidebook for
reference on
efficient use of

freshwater on

construction sites.

204

17,3

24,0

6,7

17,6

28,8

3,8

We observe
environmental
policies regarding
water

conservation on

construction sites.

204

6,7

11.5

19,2

40,4

22,1

0,0

We use licensed
water abstraction
system on

construction sites

204

19,2

23,1

21,2

24,0

12,5

0,0
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to reduce water

wastage

Municipality
increases water
rates on
construction sites
as a control
measure to
prevent wasteful

practices.

204

1,9

29

3,8

13,5

34,6

43,3

Construction sites
use integrated
water efficient
techniques during
the pre-design

and tender stage.

204

4,8

3,8

20,2

16,3

49,0

5,8

We use a water
action plan at the
inception of

construction

204

10,6

4.8

45,2

22,1

154

19

We implement
rainwater
collection and

reuse

204

36,5

4,8

19,2

12,5

25,0

1,9

We introduce
sub-metering
systems for the
construction

projects

204

9,6

3,8

19,2

13,5

48,1

5,8

We implement

water auditing to

204

39,4

13,5

2,9

5,8

32,7

5,8
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account for water

losses

We introduce 204 | 18,3 24,0 11,5 9,6 35,6 1,0
water leak
detection and
monitoring
systems to
account for water

losses

The findings presented in Table 4.2.1 above illustrate various perspectives on efficient water
use and conservation among participants. A significant portion (28.8%) strongly agreed on
using a builder's guidebook for efficient water use, reflecting an understanding of its
importance, however, 24.0% disagreed or strongly disagreed, indicating a potential gap in
awareness or implementation compared to international recommendations. Regarding the
observance of environmental policies on water conservation, a substantial percentage
(40.4%) agreed, while 11.5% disagreed, prompting further investigation into reasons for non-
compliance. Responses regarding the usage of licensed water abstraction systems were
evenly distributed, with 24.0% agreeing and 23.1% disagreeing, indicating a divided
perspective within the construction sector. The idea that high water rates can act as a control
measure received substantial agreement (34.6%), although a small percentage (2.9%)
disagreed, consistent with previous studies suggesting scepticism about the effectiveness of
pricing in behavioural change. Overwhelming agreement (49.0%) on employing integrated
water-efficient techniques during pre-design and tender stages underscores the importance
of sustainable planning, although a small percentage (3.8%) disagreed. While a significant
portion (45.2%) agreed on introducing a water action plan at construction inception, 10.6%
disagreed, reflecting varying perceptions of necessity. Implementing rainwater collection and
reuse garnered agreement from 25.0%, but a substantial percentage (36.5%) strongly
disagreed, suggesting barriers to adoption that need addressing. The introduction of sub-
metering systems received substantial support (48.1%), although a small percentage (9.6%)
disagreed, hinting at potential implementation concerns. Responses were diverse regarding
water auditing implementation, with 32.7% in agreement and 39.4% strongly disagreeing,
highlighting the complexities involved. While there was substantial agreement (35.6%) on the
introduction of water leak detection and monitoring systems, 24.0% disagreed, indicating a

need for better communication of benefits.
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Table 4.2.2 THE GUIDELINES FOR EFFICIENT USE AND CONSERVATION OF
FRESHWATER IN CONSTRUCTION

it Section 1: Guidelines for efficient use and conservation of Std.
em
freshwater in construction. N Minimum Maximum Mean Deviation
01 We use a builder’s guidebook for reference on efficient 204 1 6 3,28 1,61
' use of freshwater on construction sites.
- We observe environmental policies regarding water 204 1 1 3,60 1,15
' conservation on construction sites.
e We use a licensed water abstraction system on 204 2 6 3,88 1,32
' construction sites to reduce water wastage.
” Municipality increases water rates on construction sites 204 1 6 5,06 1,14
' as a control measure to prevent wasteful practices.
", Construction sites use integrated water efficient 204 1 6 4,18 1,22
' techniques during the pre-design and tender stage.
2.6 We use a water action plan at the inception of 204 1 6 3,33 1,18
construction
2.7 We implement rainwater collection and reuse 204 1 6 2,90 1,68
2.8 We introduce sub-metering systems for the construction 204 1 6 4,04 1,39
projects
2.9 We implement water auditing to account for water losses 204 1 6 2,96 1,91
2.10 We introduce water leak detection and monitoring 204 1 6 3,23 1,60
systems

Table 4.2.2 above shows the mean scores for guidelines for efficient use and conservation of

freshwater in construction ranged from "strongly disagree (1)", "disagree (2)", “somewhat

agree (3)”, “agree (4)”, “strongly agree (5)” and “unsure (6)”.

Iltem 2.1: This item assesses the extent to which construction practices rely on established
guidelines for the efficient use of freshwater. With a mean score of 3.28 and a standard

deviation of 1.61, the responses indicate moderate agreement among participants regarding
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the utilization of builder's guidebooks for reference. The mean value suggests that, on
average, participants perceive the use of guidebooks as somewhat beneficial in promoting
efficient freshwater usage in construction activities. However, the relatively high standard
deviation implies a notable degree of variability in responses, indicating differing levels of

reliance on such resources among participants.

Item 2.2: This item gauges adherence to environmental policies aimed at water conservation
within construction practices. The mean score of 3.60 and standard deviation of 1.15 reflect a
relatively high level of agreement among participants regarding the observance of
environmental policies. The mean value suggests that, on average, participants strongly
endorse the importance of adhering to such policies for water conservation efforts in
construction. The low standard deviation indicates a relatively consistent agreement among
participants, implying a widespread acknowledgment of the significance of environmental

regulations in guiding water usage practices.

Iltem 2.3: Assessing the utilization of licensed water abstraction systems to mitigate water
wastage, this item demonstrates a mean score of 3.88 and a standard deviation of 1.32. The
mean value suggests a moderate level of agreement among participants regarding the
adoption of licensed water abstraction systems. On average, participants perceive such
systems as beneficial in reducing water wastage on construction sites. However, the relatively
high standard deviation indicates variability in responses, implying differing levels of
implementation and awareness regarding licensed water abstraction systems among

participants.

ltem 2.4:. This item evaluates perceptions regarding the effectiveness of municipal
interventions, such as increasing water rates, to deter wasteful practices on construction sites.
With a mean score of 5.06 and a standard deviation of 1.14, participants demonstrate strong
agreement on the efficacy of this control measure. The high mean value suggests that, on
average, participants strongly endorse the idea of using increased water rates as a
mechanism to discourage wasteful practices. Additionally, the low standard deviation indicates
a high level of consensus among participants, implying widespread support for this regulatory

approach within the construction industry.

Iltem 2.5: This item assesses the extent to which construction sites incorporate integrated
water-efficient techniques during the pre-design and tender stages of projects. The mean
score of 4.18 and standard deviation of 1.22 indicate a moderate level of agreement among
participants regarding the implementation of such techniques. On average, participants
perceive the adoption of integrated water-efficient techniques during project planning as

beneficial. However, the relatively high standard deviation suggests variability in responses,
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indicating differing levels of awareness and adoption of these techniques among construction

sites.

Iltem 2.6: This item evaluates the implementation of water action plans at the beginning of
construction projects. With a mean score of 3.33 and a standard deviation of 1.18, participants
demonstrate moderate agreement regarding the utilization of water action plans. The mean
value suggests that, on average, participants recognize the importance of initiating water
conservation efforts early in the construction process. However, the standard deviation
indicates variability in responses, implying differences in the extent to which water action plans
are integrated into construction practices.

Item 2.7: This item gauges the implementation of rainwater collection and reuse practices on
construction sites. With a mean score of 2.90 and a relatively high standard deviation of 1.68,
participants demonstrate mixed perceptions regarding the adoption of this water conservation
strategy. The mean value indicates a tendency towards disagreement with the implementation
of rainwater collection and reuse, suggesting that, on average, participants are less inclined
to adopt these practices. The high standard deviation suggests significant variability in
responses, indicating diverse opinions and practices regarding rainwater harvesting among

construction sites.

Item 2.8: This item assesses the introduction of sub-metering systems to monitor water usage
in construction projects. With a mean score of 4.04 and a standard deviation of 1.39,
participants exhibit moderate agreement regarding the implementation of sub-metering
systems. The mean value suggests that, on average, participants view the introduction of
these systems favourably as a means of monitoring and managing water consumption.
However, the standard deviation indicates variability in responses, reflecting differences in the

extent to which sub-metering systems are adopted across construction projects.

Iltem 2.9: This item evaluates the implementation of water auditing practices to track and
mitigate water losses on construction sites. With a mean score of 2.96 and a high standard
deviation of 1.91, participants demonstrate mixed perceptions regarding the adoption of water
auditing. The mean value indicates a tendency towards disagreement with the implementation
of water auditing, suggesting that, on average, participants are less inclined to conduct these
assessments. The high standard deviation suggests significant variability in responses,

indicating diverse attitudes towards water auditing practices among construction sites.

Item 2.10: This item assesses the introduction of water leak detection and monitoring systems
to identify and address water leaks on construction sites. With a mean score of 3.23 and a

standard deviation of 1.60, participants demonstrate moderate agreement regarding the
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implementation of these systems. The mean value suggests that, on average, participants

perceive the introduction of water leak detection and monitoring systems positively. However,

the standard deviation indicates variability in responses, reflecting differences in the extent to

which these systems are adopted and utilized across construction projects.

4.3: Sources of Water Used in Housing Construction Projects

The analysis aimed to examine the prevailing practices and perceptions of participants in

relation to the sources of water in housing construction projects within Cape Town. Table 4.3.1

below presents the questionnaire findings.

Table 4.3.1: SOURCES OF WATER USED IN HOUSING CONSTRUCTION PROJECTS

Statements No. Strongly | Disagree | Somewhat | Agree | Strongly | Unsure
disagree agree agree
(%) (%) (%)
(%) (%) (%)
We source construction 204 10,6 1,9 8,7 16,3 55,8 6,7
water from fresh tapped
water
We use grey waste water 204 54,8 11,5 6,7 2,9 16,3 7,7
sources for making
concrete.
We sometimes harvest 204 12,5 4.8 16,3 15,4 49,0 1,9
rainwater as a source of
water and use for washing
tools, mixing cement and
dust suppression.
We use low-pressure 204 14,4 7,7 4,8 47,1 19,2 6,7
alternatives for cleaning on
construction sites.
We use misting or 204 58,7 9,6 4.8 5,8 9,6 11,5

atomising systems that

use minimal water which
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are more effective at dust

suppression

We have a reservoir of 204 11,5 23,1 23,1 4.8 8,7
water that construction
workers use to clean
heavy machinery and
vehicles, instead of

running tap water

27,9

We use reclaimed waste 204 10,6 29,8 18,3 14,4 23,1
water for some of the
activities on construction

sites

1,9

The findings presented in Table 4.3.1 above illustrate the sources of water used in housing

construction projects in Cape Town and reveals diverse attitudes and practices among

participants. The majority of participants (55.8%) strongly agreed on using freshwater taps as

a water source for construction activities, underscoring the prevalence of freshwater usage in

construction, aligning with existing literature highlighting the significant water consumption in

the construction sector throughout project lifecycles. Responses regarding grey wastewater

utilization were mixed, with a notable percentage (54.8%) strongly disagreeing, yet 16.3%

agreed, recognizing the potential environmental and cost benefits of greywater reuse in

construction activities. Rainwater harvesting for construction activities received significant

support, with 49.0% strongly agreeing on its employment for tasks such as tool washing and

dust suppression, indicating the potential for sustainable water use practices in construction

projects. The usage of low-pressure alternatives for cleaning garnered significant agreement

(47.1%), reflecting a leaning towards water-efficient practices among participants. However,

responses regarding water-efficient dust suppression strategies were diverse, with a majority

(58.7%) strongly disagreeing, although 19.2% agreed, indicating varying perceptions of the

efficacy of sustainable dust suppression methods. Views on reservoir usage for cleaning

heavy machinery varied among participants, suggesting differing practices influenced by

feasibility and practicality considerations. The use of reclaimed wastewater in construction
prompted a mixed response, with 29.8% disagreeing and 23.1% agreeing, reflecting the
complexities in promoting sustainable water use in construction and the need for greater

understanding and management of water consumption during construction activities.
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Table 4.3.22. MEAN SCORES FOR SOURCES OF WATER USE IN HOUSING
CONSTRUCTION PROJECTS

it The sources of water used in housing construction projects Std.
em
in Cape Town. N Minimum Maximum Mean Deviation
3.1 We source construction water from fresh tapped water 204 1 6 2,90 1,68
3.2 We use grey wastewater sources for making concrete 204 1 6 3,89 1,48
aa We sometimes harvest rainwater as a source of water for 204 1 6 2,38 1,82
' washing tools, mixing cement and dust suppression.
» We use low-pressure alternatives for cleaning on 204 1 6 3,16 1,41
' construction sites.
" We use misting or atomising systems that use minimal 204 1 6 4,25 1,38
' water which are more effective at dust suppression.
We have a reservoir of water that construction workers use 204 1 6 3,69 1,43
3.6 to clean heavy machinery and vehicles, instead running tap
water
- We use reclaimed wastewater for some of the activities on 204 1 6 2,05 1,44

construction sites

Item 3.1: This item evaluates the utilization of fresh tapped water as a source of construction
water in housing construction projects in Cape Town. With a mean score of 2.90 and a
standard deviation of 1.68, participants demonstrate mixed perceptions regarding the use of
fresh tapped water. The mean value suggests a tendency towards disagreement with sourcing
construction water from fresh tapped water, indicating that, on average, participants are less
inclined to utilize this water source. The relatively high standard deviation indicates significant
variability in responses, reflecting diverse opinions and practices regarding the use of fresh

tapped water in construction projects.

Iltem 3.2: This item assesses the use of grey wastewater sources for making concrete in
housing construction projects. With a mean score of 3.89 and a standard deviation of 1.48,
participants demonstrate moderate agreement with the utilization of grey wastewater for
making concrete. The mean value indicates a tendency towards agreement with this practice,

suggesting that, on average, participants view the use of grey wastewater positively as a
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source of water for concrete production. The standard deviation reflects variability in
responses, indicating differing attitudes towards the use of grey wastewater among

construction projects.

Iltem 3.3: This item gauges the occasional harvesting of rainwater for various construction
activities. With a mean score of 2.38 and a high standard deviation of 1.82, participants
demonstrate mixed perceptions regarding the utilization of rainwater harvesting. The mean
value indicates a tendency towards disagreement with the practice of harvesting rainwater,
suggesting that, on average, participants are less inclined to adopt this water source. The high
standard deviation suggests significant variability in responses, reflecting diverse opinions and

practices regarding rainwater harvesting among construction sites.

Iltem 3.4: This item examines the use of low-pressure alternatives for cleaning purposes on
construction sites. With a mean score of 3.16 and a standard deviation of 1.41, participants
demonstrate moderate agreement with the adoption of low-pressure cleaning alternatives.
The mean value indicates a tendency towards agreement with this practice, suggesting that,
on average, participants view low-pressure alternatives favourably for cleaning activities. The
standard deviation reflects variability in responses, indicating differing levels of adoption and

acceptance of low-pressure cleaning methods among construction projects.

ltem 3.5: This item assesses the utilization of misting or atomizing systems for dust
suppression purposes, considering their efficiency in water usage. With a mean score of 4.25
and a standard deviation of 1.38, participants demonstrate strong agreement with the use of
misting or atomizing systems. The mean value indicates a strong tendency towards agreement
with this practice, suggesting that participants overwhelmingly endorse the adoption of such
systems for dust suppression. The relatively low standard deviation indicates a higher level of
consensus among participants regarding the effectiveness and desirability of misting or

atomizing systems.

Iltem 3.6: This item evaluates the use of reservoir water for cleaning heavy machinery and
vehicles on construction sites as an alternative to tap water. With a mean score of 3.69 and a
standard deviation of 1.43, participants demonstrate moderate agreement with this practice.
The mean value indicates a tendency towards agreement with the use of reservoir water,
suggesting that participants generally perceive it as a viable alternative to tap water for
cleaning purposes. The standard deviation reflects variability in responses, indicating differing

levels of adoption and acceptance of reservoir water among construction projects.

Item 3.7: This item examines the utilization of reclaimed wastewater for various activities on

construction sites. With a mean score of 2.05 and a standard deviation of 1.44, participants
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demonstrate mixed perceptions regarding the use of reclaimed wastewater. The mean value
indicates a tendency towards disagreement with the practice of using reclaimed wastewater,
suggesting that participants are generally less inclined to adopt this water source. The
standard deviation reflects significant variability in responses, indicating diverse opinions and
practices regarding the use of reclaimed wastewater among construction projects.

4.4 Water Conservation Methods in Housing Construction

The participants' viewpoints concerning the utilization of water conservation methods during
housing construction projects were probed through a series of statements. Responses were
rated using a scale from "strongly disagree (1)" to "strongly agree (5)," with the addition of an
"unsure (6)" option. The outcomes of this exploration are encapsulated in Table 4.4.1 below.

Table 4.4.1 WATER CONSERVATION METHODS USED

Statements No Strongly | Disagree | Somewhat | Agree | Strongly | Unsure
disagree agree agree
(%) (%) (%)
(%) (%) (%)
We use dust suppression 204 | 20,2 22,1 5,8 19,2 31,7 1,0
vehicles with sprinklers
We use efficient showers 204 | 26,9 22,1 5,8 28,8 13,5 29
with low-flow showerheads
We use fan misting systems | 204 | 58,7 7,7 14,4 9,6 8,7 1,0
for dust suppression
We use high pressure 204 | 11,5 9,6 27,9 11,5 37,5 1,9
trigger operated spray gun
hoses
We use efficient showers 204 | 7,7 19,2 22,1 8,7 40,4 1,9
with low-flow showerheads
We use pressure reducing 204 | 8,7 24,0 10,6 11,5 44,2 1,0

valves in construction of

housing projects
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We use water sprinkler
systems for curing concrete

to reduce water wastage

204

35,6

9,6

4,8

19,2

30,8

0,0

We use vacuum toilets to

ensure efficient water use

204

33,7

11,5

10,6

17,3

24,0

2,9

We use a washing bay for
wheel washing in order to

conserve water use

204

7,7

8,7

14,4

11,5

51,0

6,7

We use water efficient taps

to control water wastage

204

5,8

7,7

26,9

49,0

5,8

0,0

The analysis above delved into participants' viewpoints on the utilization of water conservation
methods during housing construction projects. Responses were collected using a scale
ranging from "strongly disagree (1)" to "strongly agree (5)," along with an "unsure (6)" option.
Approximately 31.7% of participants strongly agreed on employing dust suppression vehicles
equipped with sprinklers, indicating awareness of their effectiveness in curbing water wastage
during construction activities. However, 20.2% strongly disagreed, suggesting potential room
for improved adoption. Responses regarding efficient showers equipped with low-flow
showerheads were diverse. Around 28.8% expressed agreement, potentially indicating
recognition of the benefits in terms of water conservation. Conversely, 26.9% strongly
disagreed, highlighting the need for broader awareness of the advantages. Opinions on fan
misting systems for dust suppression varied, with 14.4% somewhat agreeing. However, 58.7%
strongly disagreed, possibly due to scepticism or limited familiarity with this approach. High-
pressure trigger-operated spray gun hoses found favour among participants, with 37.5%
strongly agreeing with their usage. Nonetheless, 27.9% somewhat agreed, indicating a
nuanced perspective within the construction community. The utilization of low flush cisterns,
urinals and waterless urinals gained significant support, with 40.4% strongly agreeing with
their implementation. Nevertheless, 22.1% disagreed, suggesting the need for further
education and encouragement. Pressure-reducing valves found resonance among
participants, as 44.2% strongly agreed with their usage. Conversely, 24.0% expressed
disagreement, pointing towards varying perspectives on their effectiveness. The use of water
sprinkler systems for curing concrete prompted mixed reactions, with 30.8% somewhat
agreeing. However, 35.6% strongly disagreed, potentially reflecting concerns over water

wastage in such practices. Usage of vacuum toilets for efficient water use evoked diverse
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responses, with 24.0% agreeing and 33.7% expressing disagreement, suggesting
reservations or a lack of awareness. The concept of using a washing bay for wheel washing
to conserve water found substantial backing, with 51.0% strongly agreeing. However, 14.4%
somewhat disagreed, indicating room for discourse on its practicality. Water-efficient taps
emerged as a popular approach, with 49.0% strongly agreeing to their usage. This widespread

endorsement reflects recognition of their potential in curbing wastage.

Table 4.4.2: MEAN SCORE ON WATER EFFICIENT AND CONSERVATION METHODS IN
CONSTRUCTION OF HOUSING PROJECTS.

ltem Methods of water use efficiency and conservation in the Std.
construction of housing projects in Cape Town. N Minimum Maximum Mean Deviation

3.1 We use dust suppression vehicles with sprinklers 204 1 1 3,60 1,14

3.2 We use efficient showers with low-flow showerheads 204 1 6 5,06 1,15

3.3 We use fan misting systems for dust suppression 204 1 6 4,18 1,22

3.4 We use high pressure trigger operated spray gun hoses 204 1 6 3,33 1,18

" We low flush cisterns/urinals/waterless urinals in 204 1 6 2,90 1,68
' construction of housing projects

G We use pressure reducing valves in construction of 204 1 6 4,04 1,39
' housing projects

X We use water sprinkler systems for curing concrete to 204 1 6 3,69 1,43
' reduce water wastage

3.8 We use vacuum toilets to ensure efficient water use 204 1 6 3,60 1,82

X We use a washing bay for wheel washing in order to 204 1 6 3,23 1,60
' conserve water use

3.10 We use water efficient taps to control water wastage 204 1 6 2,05 1,44

Iltem 3.1: This item assesses the utilization of dust suppression vehicles equipped with
sprinklers in construction projects. With a mean score of 3.60 and a standard deviation of 1.14,
participants demonstrate moderate agreement with the use of such vehicles. The mean value

indicates a tendency towards agreement with this practice, suggesting that participants
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generally perceive dust suppression vehicles with sprinklers as effective tools for reducing
water wastage during construction activities. The low standard deviation reflects a higher level
of consensus among patrticipants regarding the adoption of this method.

Item 3.2: This item evaluates the use of efficient showers equipped with low-flow showerheads
in construction projects. With a mean score of 5.06 and a standard deviation of 1.15,
participants demonstrate strong agreement with the adoption of such showers. The mean
value indicates a strong tendency towards agreement with this practice, suggesting that
participants overwhelmingly endorse the use of efficient showers with low-flow showerheads
for water conservation. The low standard deviation indicates a higher level of consensus

among participants regarding the effectiveness and desirability of this water-saving measure.

Iltem 3.3: This item examines the utilization of fan misting systems for dust suppression
purposes on construction sites. With a mean score of 4.18 and a standard deviation of 1.22,
participants demonstrate moderate agreement with the use of such systems. The mean value
indicates a tendency towards agreement with this practice, suggesting that participants
generally perceive fan misting systems as effective tools for dust suppression. The moderate
standard deviation reflects some variability in responses, indicating differing levels of adoption
and acceptance of this method among construction projects.

Iltem 3.4: This item assesses the use of high-pressure trigger-operated spray gun hoses in
construction projects. With a mean score of 3.33 and a standard deviation of 1.18, participants
demonstrate moderate agreement with the adoption of such hoses. The mean value indicates
a tendency towards agreement with this practice, suggesting that participants generally
perceive high-pressure trigger-operated spray gun hoses as effective tools for water
conservation. The moderate standard deviation reflects some variability in responses,
indicating differing levels of adoption and acceptance of this method among construction

projects.

Iltem 3.5: This item evaluates the use of low flush cisterns, urinals or waterless urinals in
housing construction projects. With a mean score of 2.90 and a standard deviation of 1.68,
participants demonstrate moderate agreement with the adoption of these water-saving
fixtures. The mean value indicates a tendency towards agreement with this practice,
suggesting that participants generally perceive the use of low flush fixtures as beneficial for
water conservation. The high standard deviation reflects significant variability in responses,
indicating diverse opinions and practices regarding the adoption of these fixtures among

construction projects.
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Item 3.6: This item assesses the utilization of pressure reducing valves in housing construction
projects. With a mean score of 4.04 and a standard deviation of 1.39, participants demonstrate
moderate agreement with the adoption of pressure reducing valves. The mean value indicates
a tendency towards agreement with this practice, suggesting that participants generally
perceive pressure reducing valves as effective tools for water conservation. The moderate
standard deviation reflects some variability in responses, indicating differing levels of adoption

and acceptance of this method among construction projects.

Iltem 3.7: This item examines the use of water sprinkler systems for curing concrete in
construction projects. With a mean score of 3.69 and a standard deviation of 1.43, participants
demonstrate moderate agreement with the use of such systems. The mean value indicates a
tendency towards agreement with this practice, suggesting that participants generally perceive
water sprinkler systems as effective tools for reducing water wastage during concrete curing.
The moderate standard deviation reflects some variability in responses, indicating differing

levels of adoption and acceptance of this method among construction projects.

Iltem 3.8: This item evaluates the use of vacuum toilets in construction projects to ensure
efficient water use. With a mean score of 3.60 and a standard deviation of 1.82, participants
demonstrate moderate agreement with the adoption of vacuum toilets. The mean value
indicates a tendency towards agreement with this practice, suggesting that participants
generally perceive vacuum toilets as effective tools for water conservation. The high standard
deviation reflects significant variability in responses, indicating diverse opinions and practices

regarding the adoption of vacuum toilets among construction projects.

Iltem 3.9: This item assesses the use of washing bays for wheel washing in construction
projects to conserve water. With a mean score of 3.23 and a standard deviation of 1.60,
participants demonstrate moderate agreement with the adoption of washing bays. The mean
value indicates a tendency towards agreement with this practice, suggesting that participants
generally perceive washing bays as effective tools for water conservation. The moderate
standard deviation reflects some variability in responses, indicating differing levels of adoption

and acceptance of this method among construction projects.

Item 3.10: This item evaluates the use of water-efficient taps in construction projects to control
water wastage. With a mean score of 2.05 and a standard deviation of 1.44, participants
demonstrate moderate agreement with the adoption of water-efficient taps. The mean value
indicates a tendency towards agreement with this practice, suggesting that participants
generally perceive water-efficient taps as effective tools for water conservation. The high
standard deviation reflects significant variability in responses, indicating diverse opinions and

practices regarding the adoption of water-efficient taps among construction projects.
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4.5 Challenges in Implementing Sustainable Water Conservation Methods

This study delves into the challenges encountered while attempting to implement sustainable

water conservation methods within housing construction projects in Cape Town. The data

collected from participant responses is complemented by insights drawn from existing

literature.

TABLE 4.5.1: CHALLENGES OF

CONSERVATION

IMPLEMENTATION OF SUSTAINABLE WATER

Statements

No.

Strongly
disagree

Disagree

Somewhat
agree

Agree

Strongly
agree

Unsure

There is lack of policies and
planning for water

conservation

204

19

19

17,3

33,7

45,2

0,0

There is lack of positive
attitude and behaviour of
site workers towards water

conservation

204

19

11,5

13,5

14,4

57,7

1,0

There is lack of alternative
housing construction

methods

204

19

17,3

12,5

33,7

31,7

2,9

There is lack of efficient
technologies necessary for
conserving water use during

housing construction

204

5,8

3,8

18,3

29,8

41,3

1,0

There is lack of monitoring

and targeting of water use

204

13,5

4,6

27,9

8,7

43,3

19

There is lack of water audit
policy to determine the
amount of water loss due to

leakage

204

19,2

1,0

22,1

8,7

42,3

5,8
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The findings presented in Table 4.5.1 above illustrate that a lack of policies and planning for
water conservation emerged as a noteworthy challenge, with a substantial 45.2% strongly
agreeing, underlining the perceived absence of a structured framework to guide water
conservation efforts. This resonates with prior research that underscores the importance of
policy support. Negative attitudes and behaviours of site workers towards water conservation
posed a significant obstacle, with 57.7% strongly agreeing, signifying a prevalent recognition
of these behavioural challenges. This result aligns with research highlighting the pivotal role
of attitudes in shaping conservation behaviour. The lack of alternative housing construction
methods was another noteworthy challenge, with around 33.7% agreeing, suggesting a
nuanced acknowledgment of this barrier. However, 31.7% expressed strong agreement,
possibly indicating a belief in the potential of alternative methods to enhance water efficiency.
Insufficient access to efficient technologies essential for water conservation emerged as a
considerable challenge, with a notable 41.3% strongly agreeing, underscoring the perceived
deficiency in technological support. This result corresponds with prior literature that
emphasizes the role of technology in water conservation. The lack of monitoring and targeting
mechanisms for water use during construction projects surfaced as a substantial challenge,
with 43.3% strongly agreeing, suggesting an awareness of the importance of tracking and
regulating water consumption. Conversely, 27.9% expressed agreement, indicating a diversity
of perspectives. The absence of a water audit policy to determine the extent of water loss due
to leakage also posed a considerable challenge, with 42.3% strongly agreeing, possibly
indicating a recognition of the significance of minimizing water loss. Conversely, 22.1%
somewhat agreed, suggesting room for further dialogue on this issue. These findings shed
light on the multifaceted challenges faced in implementing sustainable water conservation
methods in construction projects, emphasizing the need for comprehensive strategies and

policy frameworks.

Table 4.5.2: MEAN SCORE ON CHALLENGES IN IMPLEMENTING SUSTAINABLE
WATER CONSERVATION MEASURES

it Challenges in implementation of sustainable water Std.
em
conservation methods during housing construction N Minimum Maximum Mean Deviation
4.1 There is lack of policies and planning for water 204 1 5 4,18 ,92
conservation
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4.2

4.3

4.4

4.5

4.6

There is lack of positive attitude and behaviour of site 204 5 6 3,17

workers towards water conservation
There is lack of alternative housing construction methods 204 1 6 3,85

There is lack of efficient technologies necessary for 204 1 6 4,0

conserving water use during housing construction
There is lack of monitoring and targeting of water use 204 1 6 3,69

There is lack of water audit policy to determines the 204 1 6 3,72

amount of water loss due to leakage

Iltem 4.1: This item explores the perceived absence of policies and planning for water
conservation during housing construction. With a mean score of 4.18 and a standard deviation
of 0.92, participants indicate a high level of agreement with this challenge. The high mean
value suggests that participants strongly perceive a deficiency in policies and planning aimed
at water conservation. The relatively low standard deviation indicates a relatively consistent
agreement among participants regarding this challenge, reflecting a widespread

acknowledgment of the need for improved policies and planning in the construction industry.

Item 4.2: This item assesses the lack of positive attitude and behaviour of site workers towards
water conservation efforts. With a mean score of 3.17 and a standard deviation of 1.17,
participants demonstrate moderate agreement with this challenge. The mean value suggests
a tendency towards agreement among participants regarding the negative attitudes and
behaviours of site workers towards water conservation. The moderate standard deviation
indicates some variability in responses, reflecting differing perceptions among participants

regarding the extent of this challenge.

Iltem 4.3: This item examines the perceived lack of alternative housing construction methods
conducive to water conservation. With a mean score of 3.85 and a standard deviation of 1.19,
participants indicate moderate agreement with this challenge. The mean value suggests a
tendency towards agreement among participants regarding the insufficiency of alternative
construction methods. The moderate standard deviation indicates some variability in
responses, reflecting differing levels of awareness and acceptance of alternative methods

among participants.

ltem 4.4: This item evaluates the perceived lack of efficient technologies necessary for

conserving water use in housing construction. With a mean score of 4.0 and a standard
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deviation of 1.15, participants demonstrate moderate agreement with this challenge. The
mean value suggests a tendency towards agreement among participants regarding the
inadequacy of efficient technologies. The moderate standard deviation indicates some
variability in responses, reflecting diverse opinions among participants regarding the
availability and effectiveness of water conservation technologies.

Item 4.5: This item assesses the perceived lack of monitoring and targeting of water use during
housing construction. With a mean score of 3.69 and a standard deviation of 1.46, participants
indicate moderate agreement with this challenge. The mean value suggests a tendency
towards agreement among participants regarding the deficiencies in monitoring and targeting
water use. The relatively high standard deviation indicates considerable variability in
responses, reflecting differing perceptions among participants regarding the extent of

monitoring and targeting practices.

Item 4.6: This item examines the perceived absence of a water audit policy to determine water
loss due to leakage. With a mean score of 3.72 and a standard deviation of 1.62, participants
demonstrate moderate agreement with this challenge. The mean value suggests a tendency
towards agreement among participants regarding the absence of water audit policies. The
relatively high standard deviation indicates significant variability in responses, reflecting
diverse opinions among participants regarding the necessity and effectiveness of water audit

policies.

4.6 Strategies towards Water Conservation in Housing Construction
TABLE 4.6.1: STRATEGIES FOR WATER CONSERVATION

Statements No. | Strongly | Disagree | Somewhat | Agree | Strongly | Unsure
disagree agree agree
Are there policies in place to 204 |29 19,2 31,7 12,5 30,8 1,9

integrate water efficiency
during construction of

housing projects?
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Do you believe there is a
need to introduce a water
action plan such as rainwater
collection for use for housing

construction?

204

3,8

1,0

16,3

69,2

19

0,0

Is there a need to introduce
water leak detection and

monitoring systems?

204

1,9

7,7

18,3

71,2

1,0

0,0

Is there is a need to assign
responsibility and targets to
the site staff for the
conservation of water on

construction sites?

204

1,0

29

13,5

23,1

58,7

1,0

Is there is a need to improve
monitoring and supervision of
site staff to ensure they
practice water conservation

methods?

204

1,0

11,5

3,8

25,0

57,7

1,0

Is there a need to increase
water conservation
awareness among site

workers?

204

1,0

154

1,9

13,5

67,3

1,0

Is there a need to implement
closed loop systems to
regulate water use during

housing construction?

204

1,0

1,0

7,7

12,5

76,0

1,9

Is there a need to introduce
dry wall partitions instead of
brick and block walls in order
to minimise water use in

construction?

204

1,0

6,7

154

11,5

60,6

3,8
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Is it best for construction firms | 204 | 16,3 24,0 9,6 48,1 1,9 0,0
to adopt the use of steel

intensive construction

methods as an alternative?

Is it best to adopt the use of 204 |19 19,2 12,5 12,5 51,9 2,0

pre-mixed concrete and pre-
mixed mortar as the

alternative?

The findings presented in Table 4.6.1 above show opinions of participants regarding various
strategies aimed at enhancing water conservation during housing construction that were
captured through their statements. Participants rated these strategies using a scale spanning
from "strongly disagree (1)" to "strongly agree (5)," with an "unsure (6)" option provided. The
outcomes of this exploration are summarized in Table 4.6.1 The presence of policies to
integrate water efficiency was explored. Notably, 30.8% strongly agreed that these policies
exist, signifying a level of awareness regarding the role of regulations in promoting water
conservation. However, contrasting perspectives emerged, with 31.7% somewhat agreeing,
revealing diverse perceptions of policy effectiveness. The proposition to introduce water action
plans, such as rainwater collection, received robust agreement, with a significant 69.2%
agreeing, highlighting widespread support for practical initiatives to conserve water. This
corresponds with literature that emphasizes the significance of action plans and rainwater
harvesting in promoting water efficiency. The need to allocate responsibility and targets to site
staff for water conservation gained substantial approval, with 71.2% agreeing, indicating a
recognition of the importance of personal accountability in fostering conservation behaviour.
This aligns with scholarly insights that underscore the role of behavioural change in water use
efficiency. The idea of implementing penalties against unacceptable practices received strong
endorsement, with a notable 58.7% strongly agreeing, suggesting a consensus on the efficacy
of punitive measures in deterring wasteful behaviours. The need to enhance monitoring and
supervision was met with substantial support, as 57.7% strongly agreed, indicating a
consensus on the role of oversight in ensuring efficient water use during construction. The call
to increase water conservation awareness among site workers was widely acknowledged, with
67.3% strongly agreeing, underlining the perceived significance of education and awareness
campaigns. This mirrors insights that highlight the role of awareness in shaping conservation
behaviour. The proposal to implement closed loop systems to regulate water use garnered
robust endorsement, with a significant 76.0% strongly agreeing, indicating a shared belief in

the effectiveness of technological solutions for efficient water management. This corresponds
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with prior literature that underscores the potential of closed loop systems. The adoption of
alternative construction methods, such as drywall partitions and steel-intensive approaches,
garnered diverse perspectives, with 60.6% agreeing with the use of drywall partitions and
48.1% agreeing with the adoption of steel-intensive methods. These findings highlight a

nuanced consideration of innovative construction techniques.

Table 4.6.2: MEAN SCORE ON STRATEGIES TO IMPROVE SUSTAINABLE WATER USE
DURING CONSTRUCTION

it Strategies for improving sustainable water use during Std.

em
housing construction N Minimum Maximum Mean Deviation

5.1 Are there policies in place to integrate water efficiency 203 1 6 3,55 1,25
during construction of housing projects?

5.2 Do you believe there is a need to Introduce water action 202 1 5 4,49 .97
plan such as rainwater collection for use for housing
construction?

53 Is there a need to introduce water leak detection and 203 1 5 4,58 ,80
monitoring systems?

5.4 Is there is a need to assign responsibility and targets to the 203 1 5 4,37 ,90
site staff for the conservation of water on construction
sites?

5.5 Is there a need to introduce penalty against unacceptable 203 1 5 4,28 1,05
practices by site staff that result in water wastage?

5.6 Is there is a need to improve monitoring and supervision of 203 1 5 4,32 1,15
site staff to ensure they practice water conservation
methods?

5.7 Is there a need to increase water conservation awareness 202 1 5 4,65 75
among site workers?

5.8 Is there a need to implementing closed loop systems to 202 1 5 4,67 3,21

regulate water use during housing construction?
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5.9

5.10

5.11

Is there a need to introduce dry wall partitions instead of 202 2 5 3,91
brick and block walls in order to minimise water use in

construction

Is it best for construction firms to adopt the use of steel 203 1 6 3,97

intensive construction methods as an alternative?

Is it best to adopt the use of pre-mixed concrete and pre- 203 1 5 4,75

mixed mortar as the alternative?

Item 5.1: This item examines the existence of policies aimed at integrating water efficiency
during housing construction projects. With a mean score of 3.55 and a standard deviation of
1.25, participants indicate moderate agreement with the presence of such policies. The mean
value suggests a tendency towards agreement among participants regarding the need for
policies promoting water efficiency. The standard deviation indicates some variability in
responses, reflecting differing perceptions among participants regarding the effectiveness and

implementation of these policies.

Iltem 5.2: This item assesses the perceived need to introduce water action plans, such as
rainwater collection, for housing construction projects. With a mean score of 4.49 and a
standard deviation of 0.97, participants demonstrate strong agreement with the necessity of
implementing such plans. The high mean value suggests a widespread recognition among
participants regarding the importance of incorporating water action plans into construction
practices. The relatively low standard deviation indicates a consistent agreement among

participants, reflecting a shared belief in the efficacy of these strategies.

Iltem 5.3: This item evaluates the perceived need to introduce water leak detection and
monitoring systems in construction projects. With a mean score of 4.58 and a standard
deviation of 0.80, participants indicate strong agreement with the necessity of implementing
such systems. The high mean value suggests a widespread acknowledgment among
participants regarding the importance of detecting and monitoring water leaks. The low
standard deviation indicates consistent agreement among participants, reflecting a shared

belief in the effectiveness of these systems for water conservation.

Iltem 5.4: This item explores the perceived need to assign responsibility and targets to site
staff for water conservation efforts. With a mean score of 4.37 and a standard deviation of
0.90, participants demonstrate strong agreement with the importance of assigning such

responsibilities. The high mean value suggests a widespread recognition among participants
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regarding the necessity of fostering accountability among site staff. The relatively low standard
deviation indicates consistent agreement among participants, reflecting a shared belief in the
effectiveness of this strategy for promoting water conservation.

Item 5.5: This item examines the perceived need to introduce penalties against unacceptable
practices leading to water wastage on construction sites. With a mean score of 4.28 and a
standard deviation of 1.05, participants indicate strong agreement with the necessity of
implementing penalties. The high mean value suggests a widespread recognition among
participants regarding the importance of deterring wasteful practices through punitive
measures. The standard deviation indicates some variability in responses, reflecting differing
opinions among participants regarding the severity and enforcement of penalties.

Item 5.6: This item assesses the perceived need to enhance monitoring and supervision of
site staff to ensure adherence to water conservation methods. With a mean score of 4.32 and
a standard deviation of 1.15, participants demonstrate strong agreement with the importance
of improving monitoring and supervision. The high mean value suggests a widespread
acknowledgment among participants regarding the necessity of effective oversight. The
standard deviation indicates some variability in responses, reflecting differing perspectives
among participants regarding the extent and methods of monitoring and supervision.

Item 5.7: This item explores the perceived need to raise awareness about water conservation
among site workers. With a mean score of 4.65 and a standard deviation of 0.75, participants
indicate strong agreement with the importance of increasing awareness. The high mean value
suggests a widespread recognition among participants regarding the significance of educating
site workers about water conservation practices. The low standard deviation indicates
consistent agreement among participants, reflecting a shared belief in the efficacy of

awareness-raising initiatives.

Iltem 5.8: This item evaluates the perceived need to implement closed-loop systems for
regulating water use during construction. With a mean score of 4.67 and a standard deviation
of 3.21, participants demonstrate strong agreement with the importance of adopting such
systems. The high mean value suggests a widespread acknowledgment among participants
regarding the potential benefits of closed-loop systems for efficient water management.
However, the high standard deviation indicates significant variability in responses, reflecting

differing opinions and uncertainty regarding the feasibility and effectiveness of these systems.

Iltem 5.9: This item assesses the perceived benefit of introducing drywall partitions as an
alternative construction method to minimize water use. With a mean score of 3.91 and a

standard deviation of 1.19, participants indicate moderate agreement with the effectiveness of
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this approach. The mean value suggests a tendency towards agreement among participants
regarding the potential of drywall partitions for water conservation. The standard deviation
indicates some variability in responses, reflecting differing opinions and considerations
regarding the practicality and impact of adopting this construction method.

Item 5.10: This item examines the perceived benefit of adopting steel-intensive construction
methods as an alternative for water conservation. With a mean score of 3.97 and a standard
deviation of 1.29, participants demonstrate moderate agreement with the effectiveness of this
approach. The mean value suggests a tendency towards agreement among participants
regarding the potential of steel-intensive methods for water conservation. The standard
deviation indicates some variability in responses, reflecting differing opinions and
considerations regarding the feasibility and implications of adopting this construction approach

Item 5.11: This item assesses the perceived benefit of adopting pre-mixed concrete and pre-
mixed mortar as alternatives in construction. With a mean score of 4.75 and a standard
deviation of 0.67, participants strongly agree with the effectiveness of this approach. The high
mean value indicates a widespread recognition among participants regarding the potential of
pre-mixed materials for water conservation. The low standard deviation suggests consistent
agreement among participants, reflecting a shared belief in the efficacy of using pre-mixed

concrete and mortar to minimize water use in construction.

In summary, the findings from Section 5 of the questionnaire highlight strong support for
various strategies aimed at improving sustainable water use during housing construction in
Cape Town. Participants emphasize the importance of policy integration, the implementation
of action plans, and the introduction of technological solutions to enhance water efficiency.
Additionally, there is widespread agreement on the necessity of assigning responsibility,
raising awareness and adopting innovative construction methods to minimize water
consumption. These findings underscore the multifaceted nature of water conservation efforts
within the construction industry and emphasize the importance of comprehensive strategies

to address the challenges associated with water management.

4.7 WATER SHORTAGE CHALLENGE FACED IN CONSTRUCTION OF HOUSING
PROJECTS IN CAPE TOWN

This study used open-ended questions to explore the challenges faced as a result of water
shortages, as well as the strategies for water conservation in construction of housing
projects in Cape Town. The following diagram summarises the responses on the challenges
faced in construction of housing projects.
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Diagram 4.1 Summary of water shortage challenges faced

1st Order 2nd Order Aggregate
Concepts Themes Dimensions

Water shortage affects project schedule (25 responses) Impact on
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The analysis of the participants’ responses aimed to determine how the water shortage
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challenge has impacted the construction of housing projects in Cape Town, South Africa.
Responses indicated that water scarcity directly impacts project schedules, leading to delays
in delivery and associated cost overruns. Delays in project schedules translate to increased
costs, thereby affecting project budgets and overall profitability. The interplay between water
scarcity, construction progress and financial implications is a critical consideration for

stakeholders in the housing industry.

Responses also touch upon the importance of raising awareness, providing training for water
usage and conservation methods on construction sites. Participants’ views reflect a proactive
approach towards addressing the challenge by promoting mindful consumption practices
within the construction industry. Implementing training programmes could foster a collective
commitment to sustainability that extends beyond the immediate challenges posed by water

shortage.

The responses also emphasize the need for regulations to control water use during housing
construction and finding alternative sources of construction water. This finding echoes the

wider discourse on the role of policy frameworks in mitigating the impact of water scarcity on
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various sectors, including construction. Introducing rules that guide water usage practices

aligns with the proactive approach recommended by participants.

4.8 Findings on Water Usage in Construction Processes
The study examined the water usage patterns during construction processes on construction
sites. The data collected shed light on the frequency of using water trucks and the quantities

of water consumed on a regular basis.

Table 4.6.3: Use of water truck for the construction purposes

Frequency Percentage
Often 51 49,0
Never 12 11,5
Seldom 34 32,7
Always 7 6,7
Total 104 100,0

This section examines the water usage patterns during construction processes on
construction sites. The data collected shed light on the frequency of using water trucks and
the quantities of water consumed on a regular basis. The survey results presented in Table
4.6.3 reveal the frequency of utilizing water trucks for construction purposes, with responses
distributed as often (49.0%), never (11.5%), seldom (32.7%), and always (6.7%). This data
explicates the extent to which water trucks are integrated into construction activities,
emphasizing their crucial role in supplying water for tasks such as concrete mixing, dust
control and other construction processes. Participants were also asked about the amount of
water used per day, week or month on construction sites, with responses varying from specific
figures to more general estimates. The diverse range of responses regarding the quantity of
water used reflects the inherent variability in construction practices, influenced by project
specifics, activities and site conditions. Understanding the frequency and volume of water
usage on construction sites is pivotal for water conservation efforts, highlighting opportunities
for optimizing practices to minimize wastage and ensure efficient resource allocation.
Moreover, the insights from this section can inform strategies for managing water supply and

demand on construction sites, particularly in water-scarce regions such as Cape Town.
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4.9 Controlling Water Wastage on Construction Sites

Using open-ended questions, the study further explored the perspectives and suggestions
offered by participants regarding measures that can be taken to effectively control water
wastage on housing construction sites. These responses are summarised in the following
diagram.

Diagram 4.2 Summary of measures to control water wastage

1st Order 2nd Order Aggregate
Concepts Themes Dimensions

Awareness and
Training
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The findings highlight that controlling water wastage requires multifaceted dimensions. These

Plant Equipment (3 responses)

Boreholes for Water Sourcing (1 responses)

Requisitioning Water per Subcontractor (1 responses)

Non-Water Methods for Dust Suppression (2)

Jivivuve

dimensions encompass various strategies and measures that can be implemented to control
water wastage, including enforcing regulations, exploring new technologies and policy
implementation.

In conclusion, this section of the study findings provides a glimpse into the water usage
dynamics within construction processes. The findings reveal the prevalent use of water trucks
for construction purposes and the varied quantities of water consumed on a regular basis. As
the construction industry navigates water scarcity challenges, optimizing water usage patterns
and implementing efficient water management strategies will be critical to ensure the

sustainability and resilience of construction projects. The survey responses also shed light on
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the specific construction activities that consume substantial amounts of water. Recognizing
these water-intensive processes allows the industry to develop informed approaches for
sustainable water management in construction, contributing to both environmental
preservation and efficient resource utilization. Finally, the responses highlight the urgent need
for education, training, policies and technological innovations to address water wastage on
construction sites. These recommendations collectively form a blueprint for fostering

responsible water use and contributing to sustainable construction practices.
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CHAPTER FIVE
DISCUSSION OF THE FINDINGS

5.1 Guidelines for Efficient Water Use and Conservation
In discussing the findings on guidelines for efficient water use and conservation, it is evident

that there is a mix of agreement and disagreement among participants.

The agreement on using a builder's guidebook for efficient water use highlights the importance
of such resources in guiding construction practices. However, the disagreement suggests
potential barriers to access or awareness, that may require targeted interventions to address
them. The substantial agreement on observing environmental policies indicates a positive
attitude towards adherence to guidelines. This view aligns with the literature, that emphasizes

the role of regulations in promoting sustainable practices (Smith et al., 2019).

The divided perspective on licensed water abstraction systems stresses the complexity of
implementing such systems and suggests the need for further exploration of their
effectiveness and feasibility. Previous studies have also highlighted challenges in regulating

water abstraction (Brown et al., 2018).

The disagreement regarding the effectiveness of high-water rates as a control measure
highlights the need for considering alternative approaches to influence behaviour change
effectively. This finding resonates with previous research suggesting the limitations of pricing

mechanisms in shaping consumer behaviour (Gleick, 2018).

The overwhelming agreement on employing integrated water-efficient techniques underlines
the importance of sustainable planning in construction projects. This finding is consistent with
previous literature’s advocating for the integration of water efficiency measures in design and

planning stages (Coutard & Rutherford, 2018).

The varying perceptions of necessity regarding water action plans stress the need for clearer
communication and consensus-building among stakeholders. Effective communication and
stakeholder engagement have been identified as critical factors in implementing water

management strategies (Gupta et al., 2020).

The substantial disagreement regarding rainwater collection and reuse indicates significant
barriers to adoption that need to be addressed through targeted interventions and awareness
campaigns. Previous studies have also identified challenges in promoting rainwater

harvesting, including technical, regulatory and cultural barriers (Staddon et al., 2019).
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The disagreement regarding the introduction of sub-metering systems highlights potential
concerns or challenges that need to be addressed to ensure successful implementation. This
finding emphasizes the importance of considering stakeholder perspectives and addressing
implementation challenges in adopting new technologies.

The diverse responses regarding water auditing implementation emphasize the complexities
involved and the need for tailored approaches to address the challenges faced by different
stakeholders. This finding highlights the importance of considering contextual factors and
stakeholder engagement in designing water management strategies.

The disagreement regarding the introduction of water leak detection and monitoring systems
suggests the need for better communication of their benefits and potential impact on water
conservation efforts. Effective communication strategies and stakeholder engagement are
essential in promoting the adoption of water-saving technologies (Barr et al., 2018).

5.2: Sources of Water Used in Housing Construction Projects
The discussion of findings on the sources of water used in housing construction projects

reveals important insights into current practices and perceptions among participants.

The strong agreement on using freshwater taps as a water source underscores the traditional
reliance on conventional water sources in construction activities. This finding aligns with those
in existing literature highlighting the widespread use of freshwater in construction projects
(Tang et al., 2015). However, the disagreement regarding grey wastewater utilization suggests
potential barriers or concerns related to its implementation. Previous studies have identified
factors such as regulatory constraints, perceived risks and infrastructure limitations as
obstacles to the adoption of greywater reuse systems in construction (Gupta et al., 2018;
Sazakli et al., 2013). Further exploration of the feasibility and benefits of greywater reuse in

construction projects is warranted to address these concerns.

The significant support for rainwater harvesting indicates a growing recognition of its potential
for sustainable water use in construction. Rainwater harvesting has been shown to offer
various environmental and economic benefits, including reduced demand on municipal water
sources, decreased stormwater runoff and cost savings on water bills (Gikas &
Tchobanoglous, 2009; Rahman et al., 2017). However, the disagreement regarding the use
of reclaimed wastewater suggests the need for clearer communication of its benefits and

potential challenges. Studies have highlighted the importance of stakeholder education and
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outreach programmes to increase acceptance and adoption of reclaimed wastewater systems

in construction projects (Sun et al., 2020; Tchobanoglous et al., 2014).

The mixed responses regarding low-pressure cleaning alternatives and water-efficient dust
suppression strategies suggest varying levels of awareness and adoption of water-efficient
practices among participants. While some participants may prioritize water efficiency, others
may be sceptical of the effectiveness or practicality of these methods. This disparity highlights
the importance of education and awareness campaigns to promote water-efficient practices
in construction. Research has shown that targeted training programmes and demonstration
projects can effectively increase awareness and adoption of water-saving technologies and
practices in the construction industry (Nguyen et al., 2020; Palla et al., 2019).

Overall, the findings underscore the complexities involved in promoting sustainable water use
in housing construction projects. It will be essential to address barriers to adoption, such as
regulatory constraints, infrastructure limitations and stakeholder perceptions, for ensuring the
long-term sustainability of construction practices in Cape Town. By implementing targeted
interventions, including education, outreach and policy support, stakeholders can work
together to foster a culture of water conservation and promote the adoption of sustainable
water management practices in the construction industry (Corcoran et al., 2018; Muller et al.,
2018).

5.3 Water Conservation Methods in Housing Construction Projects

The findings on water conservation methods in housing construction projects unveil a tapestry
of attitudes and practices, highlighting the complexities of implementing such methods within
the construction sector. While there is acknowledgment of the importance of utilizing water
conservation methods, there are also notable disparities in perceptions and experiences with

specific strategies.

The diverse responses regarding the implementation of various water conservation methods
underline the need for targeted interventions to address barriers and misconceptions.
Educational campaigns, financial incentives, regulatory support and demonstration projects

are essential to promote the wider adoption of water-efficient technologies in construction.

In light of these findings, cultivating a culture of responsible water use in the construction
industry emerges as a critical step towards a sustainable future. A holistic approach

encompassing technological solutions, behavioural change and policy interventions is
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imperative to address the multifaceted challenges posed by water scarcity and climate

change.

By addressing water conservation practices at every construction phase, the industry can
significantly contribute to alleviating water stress while advancing its own sustainable
development journey. Collaboration among stakeholders, including government agencies,
industry players and research institutions, is crucial to drive meaningful change and ensure

the long-term resilience of the construction sector.

5.4: The Challenges Identified in Implementing Sustainable Water Conservation
Methods within Housing Construction Projects in Cape Town

The challenges identified in implementing sustainable water conservation methods within
housing construction projects in Cape Town emphasise the complexity of fostering water
efficiency in the construction sector. These findings align with those of existing literature thus
emphasizing the multifaceted nature of barriers to water conservation and the importance of
addressing them through comprehensive strategies. The lack of policies and planning for
water conservation stresses the importance of policy support in overcoming barriers to water
efficiency (Hurlimann, 2008). Hurlimann's research highlights the pivotal role of policy
frameworks in guiding and facilitating sustainable water management practices in construction

projects.

Moreover, the negative attitudes and behaviour of site workers towards water conservation
highlight the need for interventions aimed at fostering positive perceptions and attitudes
(Corral-Verdugo et al., 2002; Jorgensen et al., 2009). Research indicates that promoting
positive perceptions and beliefs about water conservation can encourage pro-environmental

actions among construction workers.

The challenges associated with the lack of alternative construction methods and insufficient
access to efficient technologies underscore the importance of innovation and technological
support in promoting water efficiency (Addo et al., 2018; Hurlimann, 2008). The addressing of
these barriers requires investment in research and development to identify and implement

sustainable construction practices and technologies.

Additionally, the absence of monitoring and targeting mechanisms for water use during
construction projects highlights the need for enhanced water management practices (Addo et

al., 2018). The implementation of monitoring systems and setting targets for water use can
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help track consumption and identify areas for improvement, ultimately contributing to more

efficient water use.

The absence of a water audit policy further emphasizes the need for comprehensive water
management strategies (Hurlimann, 2008). The implementation of water audit policies can
help quantify water loss due to leakage and prioritize measures to minimize wastage,

contributing to overall water conservation efforts.

In conclusion, this research unveils the multifaceted challenges hindering the implementation
of sustainable water conservation methods during housing construction in Cape Town. It will
require the implementation of a holistic approach encompassing policy interventions,
behavioural change and technological support to overcome these barriers. By addressing
these challenges, the construction industry can pave the way for a more water-efficient and

sustainable future.

5.5: Strategies Aimed at Enhancing Water Conservation during Housing Construction

Projects

Participants’ opinions regarding various strategies aimed at enhancing water conservation
during housing construction projects were captured through statements, revealing insights into

the effectiveness and feasibility of these approaches.

The presence of policies to integrate water efficiency was explored, with a notable 30.8%
strongly agreeing that these policies exist. This response indicates a level of awareness
regarding the role of regulations in promoting water conservation. However, contrasting
perspectives emerged, with 31.7% somewhat agreeing, revealing diverse perceptions of
policy effectiveness. The importance of policy frameworks in guiding and facilitating
sustainable water management practices is highlighted in existing literature (Buyelwa, 2004;
Department of Water & Sanitation, 2022).

The proposition to introduce water action plans, such as rainwater collection, received robust
support, with a significant 69.2% agreeing. This response corresponds with view expressed
in the reviewed literature emphasizing the significance of action plans and rainwater
harvesting in promoting water efficiency (Waidyasekara & Lalith De Silva, 2016; Western Cape
Government, 2018).

The need to allocate responsibility and targets to site staff for water conservation gained

substantial approval with an impressive 71.2% agreeing. This result aligns with scholarly
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insights that underscore the role of behavioural change in water use efficiency (Liu & Ping,
2012; Waidyasekara & Lalith De Silva, 2016).

The idea of implementing penalties against unacceptable practices received strong
endorsement, with a notable 58.7% strongly agreeing. This response aligns with prior research
that highlights penalties as potential drivers of responsible water use (Department of Water &
Sanitation, 2022; Willis et al., 2011b).

The need to enhance monitoring and supervision was met with substantial support, with an

impressive 57.7% strongly agreeing. This result aligns with scholarly views that emphasize

the importance of site-level practices (Bourg, 2010; Waidyasekara & Lalith De Silva, 2016).

The call to increase water conservation awareness among site workers was widely
acknowledged, with a remarkable 67.3% strongly agreeing. This result mirrors insights cited
in the reviewed literature that highlight the role of awareness in shaping conservation
behaviour (Department of Water & Sanitation, 2022; Roseth, 2006).

The proposal to implement closed loop systems to regulate water use garnered robust
endorsement, with a significant 76.0% strongly agreeing. This finding corresponds with those
of prior literature that underscores the potential of closed loop systems (Waylen et al., 2011).

The adoption of alternative construction methods, such as dry wall partitions and steel-
intensive approaches, garnered diverse perspectives. While 60.6% agreed with the use of dry
wall partitions, 48.1% agreed with the adoption of steel-intensive methods. These findings
highlight a nuanced consideration of innovative construction techniques (Bourg, 2010; Tam &
Lee, 2007).

The strategies identified in this section resonate with a broad spectrum of literature that
underscores the multifaceted approach required to achieve water conservation goals.
Scholars advocate for the development of policies and regulations to promote efficient water
use (Buyelwa, 2004; Department of Water & Sanitation, 2022). These views align with findings

regarding the existence and impact of policies on water efficiency.

Personal responsibility emerges as a recurring theme in both the study findings and reviewed
literature. The overwhelming agreement on the need to assign responsibility and targets to
site staff echoes the importance of behavioural change (Liu & Ping, 2012; Waidyasekara &
Lalith De Silva, 2016;). This result aligns with broader discussions about the role of individual
accountability in water conservation (Department of Water & Sanitation, 2022; Willis et al.,
2011b).
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The proposal to introduce penalties against unsustainable practices aligns with the reviewed
literature highlighting pricing and penalties as mechanisms to influence water use behaviours
(L. Johnson, Chairman ANC, 2014; Willis et al., 2011b). Moreover, the emphasis on
monitoring, supervision and increased awareness corresponds with scholarly perspectives
advocating for a holistic approach to promoting water use efficiency (Bourg, 2010; McNab et
al., 2011).

The adoption of innovative construction methods, such as closed loop systems, steel-intensive
approaches and dry wall partitions, echoes the broader trend in the construction industry
towards sustainable and resource-efficient practices (Bourg, 2010; Tam & Lee, 2007). The
varying levels of agreement on these strategies suggest a willingness to explore new avenues

while considering practical feasibility.

In conclusion, this section uncovered the array of strategies that can collectively contribute to
fostering water conservation during the construction of housing projects. It is evident that a
comprehensive approach involving policy frameworks, behavioural change, technological
innovations and alternative construction methods is necessary. By integrating these
strategies, the construction industry can play a pivotal role in achieving sustainable water
management goals (Bourg, 2010; Waidyasekara & Lalith De Silva, 2016).

5.6: The impact of water scarcity on construction projects in Cape Town

The impact of water scarcity on construction projects in Cape Town reflects the broader
challenges faced by urban areas grappling with limited water resources. The study findings
underscore the urgent need for holistic strategies to address the multifaceted implications of

water shortages in the housing construction sector.

The correlation between water scarcity and project delays is well-documented in the reviewed
literature (Department of Water Affairs and Forestry, 2000). Delays not only disrupt project
schedules but also incur additional costs, exacerbating financial pressures on housing
projects. By acknowledging the direct relationship between water availability and construction
timelines, stakeholders can better anticipate and mitigate the impact of water scarcity on

project outcomes.

Furthermore, the compromised quality of construction work due to water scarcity raises
concerns about the long-term sustainability of housing projects. Ahmed Abd El-Hameed et al.

(2017) highlight the importance of adequate water for essential construction processes to
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ensure structural integrity and longevity. Addressing water shortage requires proactive

measures to safeguard construction quality and minimize the risk of structural deficiencies.

The emphasis on awareness and training programmes aligns with broader efforts to promote
sustainability in the construction industry (Waidyasekara & Lalith De Silva, 2016). By
educating site personnel about water-efficient practices, construction companies can foster a
culture of responsible resource management. These initiatives not only address immediate

challenges posed by water scarcity but also contribute to long-term sustainability goals.

The role of policy frameworks in regulating water usage during construction is crucial for
ensuring compliance and accountability (Buyelwa, 2004). The introduction of regulations that
mandate water-efficient practices can incentivize adherence to conservation measures and
reduce the sector's overall water footprint. Policy interventions complement other strategies
aimed at mitigating the negative impact of water scarcity on construction projects, providing a

comprehensive approach to sustainable water management.

In conclusion, the study findings highlight the intricate relationship between water scarcity and
housing construction in Cape Town. By recognizing the challenges posed by water shortage
and implementing targeted interventions, stakeholders can enhance the resilience and
sustainability of construction projects in the face of environmental constraints. Collaborative
efforts involving policymakers, industry stakeholders and community members are essential
for addressing the complex interplay between water scarcity and housing construction, paving

the way for a more sustainable built environment.

5.7: Water-efficient practices adopted by the construction industry

The study findings illustrate a variety of water-efficient practices adopted by the construction
industry to mitigate the challenges posed by water scarcity. One prominent approach
highlighted by participants is the utilization of recycled water delivered by water trucks. This
method not only conserves freshwater resources but also aligns with sustainable construction
principles by repurposing water that would otherwise be wasted (Waidyasekara & Lalith De
Silva, 2016). The adoption of recycled water in construction processes reflects a proactive
response to water scarcity concerns, contributing to overall water conservation efforts within

the industry.

Another notable practice identified is the implementation of sprinkler systems for curing
concrete. By utilizing sprinkler systems, construction sites can minimize water wastage during

the critical phase of concrete curing in which water plays a vital role in ensuring the strength
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and durability of concrete structures (Ahmed Abd El-Hameed et al., 2017). This approach not
only reduces water consumption but also enhances construction efficiency by optimizing

resource utilization.

Furthermore, the adoption of curing agents to reduce water usage during the concrete curing
process exemplifies an innovative approach to water conservation. Curing agents offer an
alternative method for achieving proper concrete hydration without the need for excessive
water, thereby mitigating the impact of water scarcity on construction activities (Tam & Lee,
2007). Incorporating such technologies into construction practices underscores the industry's

commitment to sustainable resource management.

Additionally, several participants emphasized the importance of utilizing grey water for non-
potable purposes such as equipment cleaning and ablution facilities. Grey water recycling
presents a viable solution for reducing freshwater demand within construction sites while
promoting responsible water usage practices (McNab et al., 2011). By harnessing grey water
resources, construction projects can minimize environmental impact and contribute to overall

water conservation efforts.

The implementation of low-pressure valves and leak detection measures further demonstrates
the industry's dedication to efficient water management. By employing low-pressure valves
and monitoring systems, construction sites can identify and rectify water leaks promptly,
thereby minimizing water wastage and optimizing resource utilization (Bourg, 2010). These
measures not only conserve water but also contribute to cost savings and operational

efficiency within construction projects.

Moreover, raising awareness and providing training to construction personnel regarding
responsible water usage is essential for fostering a culture of sustainability within the industry.
Education and training programmes can empower workers to adopt water-efficient practices
and contribute to overall conservation efforts (Waidyasekara & Lalith De Silva, 2016). By
prioritizing education and awareness, construction companies can instii a sense of

responsibility and environmental stewardship among their workforce.

In conclusion, the adoption of water-efficient practices within the construction industry
represents a proactive response to the challenges posed by water scarcity. By embracing
innovative technologies, recycling methods and responsible water management strategies,
construction projects can minimize their environmental footprint and contribute to sustainable
development goals. However, ongoing research and collaboration are essential to further
advance water conservation efforts within the construction sector and address the evolving

challenges of water scarcity.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS

6.1: Introduction

This study explored water use conservation in housing construction in Cape Town and the
findings have presented a wealth of insights. This final chapter encapsulates these findings
and offers a comprehensive set of recommendations to steer the construction industry towards
a future of sustainable water management practices. The major issue arising from this study
is that there is an urgent need for water conservation, particularly in regions such as Cape
Town where water scarcity is a serious problem. This research was dedicated to uncovering
strategies that can help reduce water consumption during the construction of housing projects.
The outcomes of this study hold significant promise for enhancing water conservation

practices within the industry.

6.2 Hypothesis Testing
H1: There are guidelines for water use in the construction of housing projects in South Africa.

The findings of this study indicate that guidelines for water use in the construction of housing
projects do exist in South Africa. Several participants mentioned the importance of adhering
to guidelines and regulations governing water usage on construction sites. Furthermore,
recommendations were made to develop and implement educational programmes and
policies aimed at raising awareness and promoting responsible water use among construction

personnel. Therefore, based on the evidence gathered, this hypothesis is accepted.

H2: Construction sites primarily obtain water from municipal water sources during the

construction of housing projects in Cape Town.

Contrary to this hypothesis, the findings of this study reveal that construction sites in Cape
Town utilize various water sources, including recycled water delivered by water trucks,
rainwater harvesting systems and grey water for non-potable uses. While municipal water
sources may still be utilized to some extent, there is a clear trend towards diversification and

reliance on alternative water sources. Thus, this hypothesis is rejected.
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H3: Water conservation methods are currently being implemented to some extent in the

construction of housing projects in Cape Town.

The study findings strongly support this hypothesis. The responses from the participating
construction industry stakeholders highlight a range of water conservation methods currently
being implemented on construction sites in Cape Town. These methods include the use of
recycled water, adoption of curing agents, grey water utilization, low-pressure valves and leak
detection measures. The prevalence of such practices underscores the industry's commitment
to addressing water scarcity through sustainable water management practices. Hence, this
hypothesis is accepted.

H4: The identification of challenges in implementing sustainable water conservation methods
during housing construction in Cape Town will provide insights into areas in which specific

recommendations can be developed to improve water conservation practices.

This study identifies several challenges in implementing sustainable water conservation
methods during housing construction in Cape Town, such as the need for awareness and
training, regulatory compliance, technological adoption and resource availability. These
challenges offer valuable insights into areas where targeted recommendations can be

developed to enhance water conservation practices. Thus, this hypothesis is accepted.

H5: The investigating of strategies for water conservation during the construction of housing
projects in Cape Town will reveal the extent to which the water shortage challenge influences

changes in water usage practices and the adoption of water-efficient methods.

The findings of this study indeed revealed the significant influence of water scarcity challenges
on changes in water usage practices and the adoption of water-efficient methods in the
construction industry in Cape Town. Responses emphasized the importance of innovative
solutions, alternative water sources and heightened awareness of water conservation issues,
all of which are directly influenced by the prevailing water shortage challenge. Therefore, this

hypothesis is accepted.

In conclusion, the hypothesis testing based on the study findings provided valuable insights
into the current state of water conservation practices in the construction of housing projects in

Cape Town, South Africa. These insights serve as a foundation for developing targeted
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recommendations to enhance water conservation efforts and promote sustainable

construction practices in the region.

6.3 Review of Analysis Technique

This study embarked on an exploration of water conservation practices in housing construction
within Cape Town. Through a meticulous analysis technique, the researcher aimed to uncover
insights that could steer the construction industry towards sustainable water management
practices. This section delves into the methodology employed for data analysis, shedding light

on the rigour and depth of the investigative approach.

The analysis techniqgue encompassed a multifaceted process designed to extract meaningful
insights from the survey responses. Firstly, the responses were meticulously categorized
based on the themes identified within the research objectives. This categorization facilitated a
systematic examination of the data, allowing for a nuanced understanding of the various facets

of water conservation practices in housing construction.

Subsequently, qualitative data underwent a rigorous thematic analysis to identify recurring
patterns, emerging themes and insightful narratives. This qualitative approach enabled the
researcher to capture the rich complexity of participants' perspectives, offering valuable
gualitative insights into the drivers, challenges and opportunities associated with water

conservation in housing construction.

Concurrently, quantitative data underwent robust statistical analysis to discern trends,
correlations and significant associations. Utilizing statistical tools such as descriptive statistics,
inferential analysis and correlation coefficients, it was possible to quantify and elucidate the
prevalence and magnitude of certain practices, attitudes and behaviours within the

construction industry.

The integration of qualitative and quantitative analyses facilitated a comprehensive
understanding of the research phenomenon, allowing for triangulation of findings and
validation of conclusions. The triangulation of data from multiple sources ensured the reliability
and validity of the study findings, thus, enhancing the credibility and robustness of their

outcomes.

Moreover, the analysis technique prioritized reflexivity and transparency, acknowledging the
researchers' influence on data interpretation and ensuring that biases were mitigated through

rigorous reflexivity exercises. Reflexivity entailed constant self-awareness and critical

87



reflection on the researchers' assumptions, values and preconceptions, thereby enhancing

the objectivity and trustworthiness of the study.

Overall, the analysis technique adopted in this study adhered to rigorous methodological
principles, combining qualitative depth with quantitative rigour to provide a holistic
understanding of water conservation practices in housing construction. Through meticulous
categorization, thematic analysis, statistical examination and reflexivity, the researcher
endeavored to uncover meaningful insights that could inform policy, practice and research in
the field of sustainable construction.

6.4 Summary of Findings

The study investigated the utilization of reusable water in various construction activities in
order to shed light on opportunities to minimize the consumption of fresh water by substituting
it with reusable alternatives. The participants’ responses provided insights into construction
activities during which reusable water, rather than freshwater, can be employed. Noteworthy
activities include cleaning tools and machinery, pre-wetting brick walls before plastering, dust
suppression, concrete curing and washing of equipment. These activities demonstrate the
potential to conserve freshwater resources by employing alternative water sources. These
findings highlight the feasibility of using reusable water for specific construction tasks.
Activities such as dust suppression, bricklaying and concrete curing can benefit from
employing reusable water, contributing to sustainable water management. The use of recycled
water, as mentioned in some participants’ responses, can be a practical approach ensuring

that water is used efficiently without compromising the quality of construction processes.

The participants’ responses pointed towards innovative practices that minimize water usage.
For instance, the utilization of curing agents as an alternative to traditional water-intensive
methods for concrete curing showcases how advancements in construction practices can
align with water conservation goals. In addition, this study has unearthed innovative practices
that can reduce water consumption while maintaining construction quality. The use of curing
agents as an alternative to traditional water-intensive methods for concrete curing is a prime
example of how advancements in construction practices can align with water conservation

goals.

The concept of using grey water for ablution facilities and equipment maintenance presents
an intriguing avenue. Grey water, derived from non-industrial domestic activities such as

bathing and laundry, can be repurposed for non-potable uses within construction sites. This
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approach can substantially reduce the demand for freshwater in activities that do not require

potable water quality.

Furthermore, the use of other water-efficient practices, including the use of recycled water
delivered by water trucks, sprinkler systems for curing, the adoption of curing agents, grey
water utilization for cleaning equipment and ablution facilities, low-pressure valves and leak
detection measures. These practices collectively contribute to the responsible use of water

resources.

Similarly, the need for creating awareness and training for construction workers concerning
responsible water usage has been emphasized as proactive approaches to promoting a

culture of water conservation within the industry.

Overall, the participants’ responses suggest that incorporating reusable water into
construction activities is a viable strategy for promoting water conservation. By identifying
activities that can utilize recycled or non-potable water sources, the construction industry can
make significant strides towards reducing its ecological footprint and contributing to

sustainable practices.

6.5: Recommendations
In light of the study findings, the following recommendations as proposed to guide the

construction industry in Cape Town towards more sustainable water management practices:
Educational Initiatives and Policies

Develop and implement educational programmes and policies aimed at raising awareness
and promoting responsible water use among construction personnel. Encourage strict

adherence to guidelines and regulations governing water usage on construction sites.
Training and Awareness

Provide comprehensive training to construction staff on efficient water usage techniques,

underscoring the importance of conservation throughout construction processes.
Innovative Technologies

Actively explore and adopt alternative construction technologies and materials that demand
less water. Prioritise the use of pre-cast slabs, ready-mix mortar and concrete to minimise

water consumption.
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4. Monitoring and Penalties

Install water meters and monitoring systems on construction sites to closely track water
consumption. Enforce stringent penalties for water wastage to serve as a deterrent against

careless water use.
5. Collaboration and Alternative Sources

Foster collaboration with government initiatives to access alternative water sources such as
reservoirs. Investigate the feasibility of drilling boreholes to secure water for construction

activities.
6. Holistic Approach

Recognise that effective water conservation requires a multi-faceted approach that combines
education, training, regulation enforcement, technological innovation and collaboration with

stakeholders to achieve sustainable construction practices.

In conclusion, the findings of this study signify a pivotal turning point for the construction
industry in Cape Town. By embracing these recommendations and implementing the solutions
detailed in the study’s recommentations, the industry can significantly reduce its ecological
footprint, contribute meaningfully to water conservation efforts and honour its commitment to
sustainable construction practices. The time for action is now, as each drop of water
conserved today ensures a more sustainable tomorrow for Cape Town and its housing

projects.
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APPENDIX

Table 1. Gender representation

Gender Frequency Percentage

Male 70 70,2

Female 31 29,8

Total 104 100.0
Table 2: Age group representation

Valid Age Group Frequency Percentage

Under 25 8 7,7

25-30 37 35,6

31-50 53 51,0

51-60 5 4.8

60+ 1 11

Total 104 100.0
Table 3: Education Attainment

Valid Age Group Frequency Percentage

Matric 4 3.8

Diploma 15 14,4

Bachelors 64 61,5

Honours 13 12,5

Masters 5 4.8
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Doctorate 1 1.0

Others 2 1,9

Total 104 100.0
Table 4: Representing

Valid Age Group Frequency Percentage

Contractors 57 56,7

Others 45 43,3

Total 104 100.0
Table 5: Period of working in the current position

Frequency Percentage

Less than 5 years 31 33,7

51to 10 years 36 39,1

Over 10 years 25 27,2

Total 92 100.0
Part of the local government housing project

Valid response Frequency Percentage

Yes 73 79,3

No 19 20,7

Total 92 100.0
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