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ABSTRACT

South Africa faces a persistent water shortage crisis, with
the City of Cape Town severely affected between 2015
and 2018. Construction projects, particularly housing
developments, are known for their intensive water
consumption; yet water conservation practices during
the construction phase remain underexplored. Despite
the recognition of limitations in sustainable construction
knowledge and practices, inefficiencies in water usage
persist in the low-cost housing sector. This article
investigates water-conservation methods during housing
construction in Cape Town, aiming to identify sources
of water use, assess current conservation practices,
and propose actionable solutions to optimise water
efficiency. A mixed-methods research approach was
employed, integrating both qualitative and quantitative
methods for a holistic analysis. Data was collected
through a self-designed questionnaire distributed to 104
construction personnel, including private contractors
and government project managers. Responses were
analysed using IBM SPSS, employing descriptive
statistics. The findings highlight a notable deficiency in
current water-conservation practices during construction,
highlighting the necessity for stricter monitoring, the
adoption of innovative technologies such as closed-loop
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water systems, and increased awareness among site personnel. The analysis identified strong
support for rainwater collection, leak detection systems, and the adoption of pre-mixed materials
to reduce water use. These findings highlight the urgent need to integrate water-efficient policies
and practices within the construction sector. This article contributes to understanding sustainable
water use in housing construction, offering insights that can inform policymakers, construction
firms, and researchers. The findings provide a foundation for future studies and strategies to
mitigate water-scarcity challenges in the construction industry.

ABSTRAK

Suid-Afrika staar 'n volgehoue watertekortkrisis in die gesig, met Kaapstad wat tussen 2015
en 2018 erg geraak is. Konstruksieprojekte, veral behuisingsontwikkelings, is bekend vir
hul intensiewe waterverbruik, maar waterbesparingspraktyke tydens die konstruksiefase bly
onderontgin. Ten spyte van die erkenning van leemtes in volhoubare konstruksiekennis en
-praktyke, is daar ondoeltreffendheid in watergebruik in die laekostebehuisingsektor. Hierdie
artikel ondersoek waterbesparingsmetodes tydens behuisingskonstruksie in Kaapstad,
met die doel om bronne van watergebruik te identifiseer, huidige besparingspraktyke te
evalueer en toepaslike oplossings voor te stel om waterdoeltreffendheid te optimaliseer.
'n Gemengde-metodes-navorsingsbenadering is gebruik, wat beide kwalitatiewe en
kwantitatiewe metodes vir 'n holistiese analise geintegreer het. Data is ingesamel deur
middel van 'n selfontwerpte vraelys wat aan 104 konstruksiepersoneel versprei is, insluitend
privaat kontrakteurs en regeringsprojekbestuurders. Response is ontleed deur gebruik te
maak van IBM SPSS, en beskrywende statistieke. Bevindinge toon beduidende leemtes
in bestaande waterbesparingspraktyke tydens konstruksie, met 'n behoefte aan strenger
monitering, innoverende tegnologieé soos geslote-lus waterstelsels, en verhoogde bewustheid
onder terreinpersoneel. Die ontleding het sterk steun getoon vir reénwaterversameling,
lekopsporingstelsels en die aanvaarding van voorafgemengde materiale om watergebruik
te verminder. Hierdie bevindinge beklemtoon die dringende behoefte om waterdoeltreffende
beleide en praktyke binne die konstruksiesektor te integreer. Hierdie artikel dra by tot die begrip
van volhoubare watergebruik in behuisingskonstruksie, en bied insigte wat beleidmakers,
konstruksiefirmas en navorsers kan inlig. Die bevindinge verskaf 'n grondslag vir toekomstige
studies en strategieé om waterskaarste uitdagings in die konstruksiebedryf te versag.

1. INTRODUCTION

The construction industry is a significant consumer of natural resources;
yet water management remains an often-overlooked aspect of sustainable
development (Jacque et al., 2024). In South Africa, where water scarcity
is a pressing concern (Marutlulle, 2021), the demand for housing —
particularly low-cost government housing — continues to rise, placing
increasing pressure on limited water resources. In the years 2010-2025,
more than 2.7 million low-cost houses have been built, yet a backlog of
2.1 million remains, with an annual growth rate of 178,000 new housing
units, further intensifying resource demands (Marutlulle, 2021). Addressing
water conservation within the construction sector is, therefore, imperative to
balance urban expansion with environmental sustainability.

Despite growing awareness of sustainability principles in construction,
water-conservation strategies remain underexplored (Waidyasekara,
De Silva & Raufdeen, 2016). Housing construction, in particular, relies
heavily on water for various processes, and without efficient management,
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this contributes significantly to overall water wastage (Ramantswana et
al., 2021). Given South Africa’s classification as a water-scarce country
(Marutlulle, 2021), it is crucial to investigate conservation methods
applicable to the construction industry to mitigate the risks of excess
demand surpassing supply. Water scarcity, driven by urbanisation,
population growth, economic development, and climate change, poses
significant challenges globally (Mishra et al., 2021; Cullis et al., 2019), with
construction activities being a notable contributor.

This article investigates water-usage practices, efficiency strategies, and
conservation methods in housing construction projects in Cape Town.
It views water conservation as a multidimensional approach involving
economic, behavioural, technological, and educational interventions
(Singha et al., 2022), the study identifies efficient practices, alternative
water sources, and barriers to implementation. Although it does not
propose a full framework, it contributes to promoting water-efficient
construction by emphasising principles such as ‘reduce, reuse, and
recycle’, engaging policymakers, construction firms, and stakeholders
and aligning environmental goals with social and economic priorities for
sustainable housing development (Singha et al., 2022).

2. LITERATURE REVIEW

2.1 Guidelines for freshwater use

The sustainable management of freshwater resources is critical for
ensuring a balanced and equitable future, particularly in water-intensive
industries such as construction. The National Water Act (NWA) of 1998
establishes the legal framework for managing South Africa’s water
resources sustainably and equitably (South Africa, 2013). Recognising
water as a public resource, the Act addresses historical inequalities in water
access and use, assigning the Department of Water and Sanitation (DWS)
as the custodian of the nation’s water resources. The DWS is tasked with
managing water use, protecting water quality, allocating resources, and
ensuring integrated water management through stakeholder engagement
(DWS, 2018; South Africa, 2013). Central to the NWA is the Minister of
Water and Sanitation’s responsibility to oversee water allocation and
usage, ensuring alignment with the nation’s sustainability objectives. This
includes assessing freshwater availability and ensuring its efficient use
across sectors. However, while the Act outlines measures for waste-water
management and environmental protection, it does not explicitly address
industrial freshwater use in sectors such as construction. This lack of
specific guidelines highlights limitations in regulating water-consumption
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practices in the construction industry, particularly for housing projects.
The absence of such frameworks highlights the need for industry-specific
measures to optimise freshwater use and contribute to sustainable water-
resource management (Nyam et al., 2021).

2.2 Sources of water in housing construction

Water plays an indispensable role in the construction process, being
essential for activities such as mixing cement, preparing mortar, and curing
concrete. However, there is limited literature addressing the specific sources
of water used in housing construction and the implementation of water-
saving practices. Nyam et al. (2021) highlight limitations in knowledge and
awareness regarding sustainable construction practices, while Moghayedi
et al. (2025) report inefficiencies in water usage within South Africa’s low-
cost housing sector.

Several studies have explored alternative water sources such as greywater
for construction purposes. Varshney, Khan and Khan (2021) argue that
greywater — waste water from kitchens, bathrooms, or laundries — can
be used for mixing and curing concrete without compromising safety.
Similarly, Varshney et al. (2021) suggest that using waste water in concrete
production not only reduces environmental impact, but also minimises
construction costs. However, concerns remain about the durability of
concrete exposed to waste water, as its properties vary depending on the
source and components of the water (Awasthi, Gandhi & Rayalu, 2023;
Varshney et al., 2021).

Water-management practices during construction are often overlooked, with
hardly any documentation on the water used per unit area of construction
(Ramantswana et al., 2021). Studies have shown that inefficiencies and
wastage are common, especially during curing and other water-intensive
stages of construction (Patil, 2016). For instance, dos Santos and da Silva
(2015) found that in Recife, Brazil, over 50% of water consumed during
construction is used by workers, while only 16.91% is directly used in
construction processes.

In South Africa, despite the considerable water consumption in construction,
the industry lacks consistent water-management practices. The volume
of water used varies with the size and type of project (Ramantswana et
al., 2021). Barriers to efficient water use include low prioritisation of water
management and limited awareness of its importance (Waidyasekara et al.,
2016). This is particularly concerning, as construction remains a significant
contributor to natural resource depletion and water scarcity (Wang &
Azam, 2024).
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2.3 Water conservation and efficient use of water

Water scarcity is one of the most pressing global challenges, driven by
declining rainfall patterns, population growth, urbanisation, and increasing
per capita water consumption (Leal Filho ef al., 2022). The 2018 United
Nations World Boretti Water Development Report estimated that nearly
6 billion people will face clean water shortages by 2050 (Boretti & Rosa,
2019). In South Africa, a water-scarce country, the average annual rainfall
is 500 mm — significantly below the global average of 800 mm — and is
unevenly distributed across regions and seasons. High evaporation rates
further limit the availability of usable water (Nevermann et al., 2024).

Water conservation refers to reducing water consumption through efficient
use and saving practices. Sanchez, Rodriguez-Sanchez & Sancho-Esper
(2023) define water conservation as the minimisation of waste, preservation
of water resources, and promotion of water-efficient practices, including
demand management and strategies such as water rationing. Similarly,
water efficiency focuses on promoting sustainable water use while reducing
waste and encouraging responsible solutions for water supply and usage
(Colombo et al., 2023).

Climate change significantly influences attitudes toward water conservation.
Studies show mixed results on the impact of climate change awareness.
For instance, Thagersen (2021) argues that awareness of climate change
does not always lead to changes in individual consumption behaviour. In
contrast, Boermans et al. (2024) found that informed individuals were more
likely to adopt conservation measures, highlighting the role of awareness in
driving sustainable practices.

In the construction industry, water-use efficiency can be enhanced through
soft measures such as effective policies, planning, and behavioural change
among workers (Waidyasekara & Lalith De Silva, 2016). These measures
include good housekeeping, monitoring water use, and using alternative
water sources. In addition, implementing water-efficient practices such
as rainwater collection, water auditing, and leak detection systems can
significantly reduce water consumption on construction sites (Thebuwena,
Samarakoon & Ratnayake, 2024; Jacque et al., 2024).

Technological innovations also play a critical role in improving water-use
efficiency. Efficient technologies such as low-flow showerheads, vacuum
toilets, and high-pressure spray guns for dust suppression have been
widely recommended for adoption in construction projects (Waidyasekara
& De Silva, 2016). Alternative construction methods such as using precast
materials, admixtures, and steel-intensive methods further contribute to
reducing water usage (Nilima, 2023).
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In South Africa, the National Water Act (Act 36 of 1998) emphasises
sustainable water-resource management, supported by the Water
Conservation and Demand Management Strategy (South Africa, 1998).
Forecasts predict an additional demand of 300—-350 million litres of water
daily by 2028, necessitating immediate action to adopt sustainable water-
management practices (The Nature Conservancy, 2019). Efforts to enhance
water efficiency must focus not only on direct water consumption, but also
on addressing the significant water demand during construction phases.
Effective water-conservation strategies in construction can contribute to
sustainable development, while mitigating the impact of water scarcity on
economic growth and quality of life (Evans, Morgan & Mario, 2024).

2.4 Barriers to water conservation

Water-conservation behaviours are significantly influenced by individuals’
beliefs, perceptions, and attitudes (Palamuleni et al., 2024). Research
indicates that negative attitudes toward conservation programmes can
hinder their adoption, even when the benefits outweigh the costs (Thakur
et al., 2022). For example, individuals who perceive their neighbours as
wasting water may feel less inclined to conserve. Conversely, the belief
that others, including utility providers, are actively engaged in conservation
efforts can encourage similar behaviours (Howard-Jones, Warren-Lee &
Aldred, 2023).

Barriers to water conservation often stem from misconceptions, insufficient
knowledge, or mistrust. Some individuals doubt the effectiveness of
conservation measures or believe that household-level efforts have
minimal impact (Prajapati et al., 2025). In addition, trust in government
institutions has been identified as a key factor influencing conservation
behaviour, warranting further investigation (Voogd et al., 2022). A lack of
awareness regarding water-efficient practices and concerns about the
costs of implementation present further obstacles, particularly in urban and
built environments (Jacque et al., 2024).

Behavioural constraints are further shaped by limited access to education
on water conservation, inadequate information, and individual capabilities
(Addo, Thoms & Parsons, 2018). Practical barriers such as scepticism
about the reliability of water-efficient technologies or concerns over the
inconvenience of conservation practices also discourage adoption (Addo
et al., 2018). In the construction sector, key challenges include perceptions
of low cost-effectiveness, unsupportive workplace cultures, and deeply
ingrained worker habits (Ramantswana et al., 2021).
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Psychological factors, including personal values, beliefs, and emotional
responses, also play a crucial role in shaping conservation behaviours.
Socio-economic variables such as income, water pricing, and policy
frameworks further influence individuals’ willingness to conserve
water (Smith et al., 2018). In accordance with the theory of planned
behaviour, intentions — shaped by attitudes, subjective norms, and
perceived behavioural control — serve as the most immediate predictors
of conservation actions (Singha & Aljamal, 2020). Moreover, moral
considerations such as a personal sense of responsibility to preserve
natural resources have been found to positively impact pro-environmental
behaviours (Singha & Aljamal, 2020).

Regional studies provide additional insight into conservation attitudes
and practices. In Australia, heightened awareness of water scarcity has
encouraged widespread support for conservation initiatives and water-
saving technologies (Singha & Aljamal, 2020). Research in the United
Kingdom highlights the relationship between direct experiences of water
scarcity and the adoption of conservation measures (Singha & Aljamal,
2020). Retrofitting projects that integrate water-efficient appliances have
been shown to reduce water consumption by 9%-12%, highlighting the
importance of practical interventions in overcoming conservation barriers
(Singha & Aljamal, 2020).

3.  METHODOLOGY

3.1 Research design

This study adopted a mixed-methods (qualitative and quantitative) data-
collection approach to comprehensively investigate water-conservation
practices during the construction of housing projects in Cape Town, South
Africa. The study used one questionnaire as the research instrument
designed to collect both quantitative and qualitative data. Using one
mixed-format tool allows for comprehensive data collection, while ensuring
consistency and reducing respondent burden (Braun, Clarke & Grey, 2016).
The quantitative section included six constructs with structured statements
rated on a Likert scale. These assessed professionals within the housing
construction industry’s (stakeholders) perspectives on water-conservation
practices. The responses were statistically analysed and ranked to identify
key enabling and disabling factors for water-conservation implementation
(Ahmad et al., 2019). The questionnaire also included open-ended questions
to collect qualitative data. These responses provided the industry-specific
knowledge and thematic data analysis, provided key themes on practical
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strategies for enhancing water efficiency suggested by the stakeholders
(Braun, Clarke & Grey, 2016). By integrating quantitative and qualitative
data, the research explored both measurable relationships and deeper
contextual insights into the challenges of implementing sustainable water-
management practices. This design facilitated triangulation, enhancing
the validity and credibility of the recommendations for sustainable water-
management practices (Bans-Akutey & Tiimub, 2021).

3.2 Population, sample, and response rate

The target population for this study consisted of professionals within
the construction industry in Cape Town, including project managers,
engineers, health and safety consultants, quantity surveyors, architects,
and personnel from government departments such as the Department of
Human Settlements (DHS). A total of 104 respondents were selected using
purposive sampling to ensure broad representation across key stakeholder
groups. The sample size was determined using Robson’s (2016) formula
for finite populations:

SS = SSU
- SSU
1+ (_PS )
Where:

SS = Required sample size

SSU = Sample size for an unlimited population (e.g., 385 for a confidence
level of 95% and margin of error of 5%)

PS = Estimated population size

Based on available estimates of the professional population in Cape
Town’s construction sector, the sample of 104 was deemed sufficient to
capture the diversity of stakeholders involved in housing projects. Table 1
presents the estimated number of professionals in each category, drawn
from official sources such as the South African Council for the Architectural
Profession (SACAP), the Engineering Council of South Africa (ECSA),
and internal DHS records. These include approximately 120 project
managers, 80 engineers, 70 health and safety consultants, 40 quantity
surveyors, 50 architects, and 30 other professionals (e.g., contractors and
site supervisors).
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Table 1:  Population, sample, and response rate

Respondents Estimate Potential Responses = Response
population = respondents  returned rate (%)

Project managers 120 37 37 35.6
Engineers 80 22 22 21.2
Health and safety consultants 70 20 20 19.2
Quantity surveyors 40 10 10 9.6
Architects 50 1 1 10.6
Others 30 4 4 3.8
Total 490 104 104 100.0

To ensure proportional representation, the calculated sample was distributed
across professional categories: 37 project managers, 22 engineers, 20
health and safety consultants, 10 quantity surveyors, 11 architects, and
4 others. All invited participants completed the questionnaire, resulting
in a 100% response rate for each group. This high level of participation
enhances the reliability and validity of the study findings.

3.3 Data collection

Data collection was conducted through a self-designed questionnaire
distributed to 104 respondents via Google Forms from April 2023. The
questionnaire comprised both closed- and open-ended questions, carefully
developed through an in-depth literature review to ensure alignment
with existing knowledge and best practices in water conservation during
construction projects.

Prior to distribution, the questionnaire underwent review and approval by
the research supervisor to ensure clarity and relevance. It was divided into
seven sections. Section A gathered demographic and professional data
about the respondents, including gender, age, education, organisational
representation, profession, experience, and involvement in local
government housing construction projects. Section B included nine
statements for the construct ‘Awareness and adoption of policies’ to explore
whether respondents were aware of and adhered to existing guidelines
and policies for water conservation. Section C set seven statements on
the construct ‘Water source utilisation’ to assess the variety and efficiency
of water sources used in housing construction. Section D included ten
statements for the construct: ‘Conservation techniques’ to evaluate the
practical application of water-saving methods on construction sites.
Section E set six statements on the construct ‘Conservation challenges’
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to identifying barriers that hinder effective water-conservation practices.
Section F included 10 questions for the construct ‘Conservation strategies’
to examine the existing strategies for water conservation in housing
construction projects within Cape Town. Respondents were asked to rate
their level of agreement with the statements and questions measured on
a 5-point Likert scale. For the qualitative data collection, Section G of the
questionnaire included open-ended questions that allowed respondents to
provide detailed insights into how water wastage could be controlled and
managed. This approach enabled gathering data on various perspectives
and recommended actions to enhance water-conservation efforts.

3.4 Data analysis and interpretation

Data collected via the self-designed questionnaire was analysed using
IBM SPSS software (Rahman & Muktadir, 2021). For quantitative data
analysis, descriptive statistics were employed to summarise and interpret
the respondents’ profile data (f and %) and to analyse Likert-scale
responses. Measures of central tendency (mean, mode, median) and
dispersion (standard deviation) provided insights into the overall trends and
variability in participants’ perceptions. Each statement from Sections B, C,
D, E, and F of the questionnaire was ranked based on its mean score,
allowing determining the relative importance of each item. For analysis
purposes, the measurement scale intervals were 1 = strongly disagree
((=1.00 and =1.80); 2 = disagree (=1.81 and <£2.60); 3 = neutral (=2.61 and
<3.40); 4 = agree (=3.41 and <4.20), and 5 = strongly agree (=4.21 and
<5.00). Likert-type or frequency scales use fixed choice response formats
and are designed to measure attitudes or opinions (Joshi et al., 2015). To
assess the internal consistency of the questionnaire, Cronbach’s alpha was
calculated for each construct. The acceptable reliability threshold was set
at 0.7, which is widely recognised as the minimum standard for research
instruments (Ahmed, Pereira & Jane, 2024).

For the qualitative data, the open-ended responses from Section G
of the questionnaire were analysed thematically (Nowell et al., 2017).
This process involved identifying recurring patterns and themes that
complemented the quantitative results. Key insights were categorised
into broader themes such as the need for policy development, worker
training, and technological innovation. These qualitative findings enriched
the interpretation of the numerical data, by providing contextual depth
and practical recommendations for improving water conservation in the
construction industry.
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3.5 Limitations of the study

While the mixed-methods approach provided a holistic perspective, the
study is subject to certain limitations. First, the reliance on self-reported data
may introduce response bias. Secondly, the sample, although diverse, is
limited to Cape Town, potentially restricting generalisability to other regions.
Lastly, the cross-sectional nature of the study precludes causal inferences
regarding water-conservation practices over time. These limitations are
acknowledged and should be considered when interpreting the results.

4.  FINDINGS
4.1 Participant demographics

Table 1 summarises the key demographic and professional characteristics
of the respondents. These provide important context for understanding
water-conservation practices in Cape Town’s housing construction sector.
The vast majority of the participants were aged 31-50 years (51%),
followed by those aged 25-30 years (35.6%). Younger respondents under
the age of 25 years accounted for 7.7%, while those over the age of 50
years comprised 5.8%. The sample was predominantly male (70.2%),
with female respondents accounting for 29.8%. This gender imbalance
may influence attitudes and decision-making processes related to water
conservation. The vast majority of the respondents held a bachelor’s
degree (61.5%), with others possessing diplomas (14.4%), honours
degrees (12.5%), and master’s degrees (4.8%). This reflects a well-
educated workforce equipped to engage with sustainable construction
practices. Contractors represented the largest professional group (56.7%),
followed by project managers (35.6%), engineers (21.2%), health and
safety consultants (19.2%), and architects (10.6%). Respondents displayed
a range of professional experience: 39.1% had 5-10 years’ experience,
33.7% had less than 5 years, and 27.2% had over 10 years in the sector.
This distribution suggests a mix of emerging and seasoned professionals
contributing to the study. A substantial majority of the respondents (79.3%)
reported active participation in local government housing initiatives,
showing their engagement with public-sector infrastructure and the
relevance of their insights to policy implementation. Collectively, these
findings highlight the diverse backgrounds, qualifications, and experiences
of professionals involved in Cape Town’s construction sector, offering a
robust foundation for analysing the human dimensions of sustainable
water use in housing projects.
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Table 2:  Participant demographic data

Category Group Frequency %
(N =104)
Gender Male 70 70.2
Female 31 29.8
Age (years) <25 8 7.7
25-30 37 35.6
31-50 53 51.0
51-60 5 4.8
60+ 1 1.0
Education Matriculation 4 3.8
Diploma 15 14.4
Bachelor’s 64 61.5
Honours 13 12.5
Master’s 5 4.8
PhD 1 1.0
Others 2 1.9
Employment role Confractors 57 56.7
Others (PMs, engineers) 45 43.3
Work experience (years) <5 31 33.7
5-10 36 39.1
>10 25 27.2
Local government housing projects | Yes 73 79.3
No 19 20.7

Understanding the composition of the workforce, including gender
dynamics, age distribution, educational background, professional roles,
and experience levels, enables more targeted interventions to promote
sustainable practices. For instance, training programmes or awareness
campaigns could be tailored to address specific knowledge gaps among
different groups, ensuring broader adoption of water-saving techniques.
In addition, the high level of engagement with local government projects
suggests that respondents are well-positioned to inform and influence
policy decisions related to water conservation in the construction sector.
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4.2 Water-conservation awareness and adoption of
policies

Table 3 shows the results on participants’ awareness of water conservation
and their perceptions and practices concerning various water-conservation
guidelines. The Cronbach’s Alpha is 0.82, indicating satisfactory reliability of
the items in the construct. Based on mean scores above 4.00, respondents
agreed that municipal increased water rates on construction sites (MS =
5.00); integrated water-efficient techniques during the pre-design and
tender stage (MS = 4.18), and sub-metering systems for the construction
project (MS = 4.04) are the top three control measures for freshwater-
conservation practices on construction sites.

Table 3:  Awareness and adoption of water-conservation policies

Statements
N =104 < g
=
Chronbach’s Alpha = 0.82 8 s =
> > S 2
2 g € g 2
) o 8 S ? < 3
S § 3 8 88 3 a
5 < =2 a BEsS = o
We use a builder's guidebook for 288 17.6 6.7 240 173 328 3 1.61
reference on efficient use of freshwater
on construction sites
We observe environmental policies 22.1 404 192 11.5 6.7 3.60 4 1.15

regarding water conservation on
construction sites

We use a licensed water abstraction 12.5 240 212 23.1 192 388 4 1.32
system on construction sites to reduce
water wastage

Municipality increases water rates on 43.3 346 38 29 19 500 5 1.14
construction sites as a control measure
to prevent wasteful practices

Construction sites use infegrated water  49.0 163 20.2 3.8 48 4.18 4 1.22
efficient techniques during the pre-
design and tender stage

We use a water action plan af the 154 22,1 452 48 106 333 3 1.18
inception of construction

We implement rainwater collection 250 125 192 48 36,5 290 3 1.68
and reuse

We infroduce sub-metering systems for | 48.1 13.5 19.2 38 9.6 404 4 1.39
the construction projects

We implement water auditing to 327 58 29 135 394 296 3 191
account for water losses
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The findings show that a significant portion of the respondents (28.8%)
expressed strong agreement with the use of a builder’s guidebook for
efficient freshwater use, while 17.6% of the respondents agreed, indicating
a moderate reliance on structured guidelines. However, the relatively
high percentage of neutral (6.7%) and disagreement responses (41.3%)
suggests that many construction sites may not fully implement these
practices or that awareness is lacking. The findings show a notable
commitment to observing environmental policies, with 22.1% of the
respondents strongly agreeing and 40.4% of them agreeing, resulting in a
mean score of 3.60. The use of licensed water abstraction systems received
a mean score of 3.88, with 12.5% of the respondents strongly agreeing, and
24.0% of them agreeing. Regarding municipal interventions, the majority of
the respondents (43.3%) strongly agreed that increased water rates serve
as a control measure against wasteful practices, demonstrating support
for regulatory approaches. This was further reflected in the mean score of
5.00, which suggests that many believe financial incentives can enhance
water conservation. In terms of integrating water-efficient techniques during
the pre-design and tender stages, 49.0% of the respondents strongly
agreed, and 16.3% agreed, with a mean score of 4.18. The use of water
action plans at the inception of construction, however, showed mixed
results, with only 15.4% of the respondents strongly agreeing and a mean
score of 3.33. Efforts to implement rainwater collection received a mean
score of 2.90, with a significant percentage (36.5%) of the respondents
strongly disagreeing. Sub-metering systems were supported by 48.1% of
the respondents who strongly agreed, with a mean score of 4.04. Water-
auditing practices showed lower enthusiasm, with a mean score of 2.96%
and 39.4% of the respondents strongly disagreeing, suggesting challenges
in tracking water losses on construction sites. Lastly, the introduction of
water leak detection and monitoring systems received a mean score of
3.23, indicating some level of acceptance, but also highlighting areas for
improvement.

4.3 Water-source utilisation

Table 4 presents insights into the sources of water used in housing
construction projects, based on responses from 104 participants. The
Cronbach’s Alpha is 0.85, indicating satisfactory reliability of the items in
the construct. Although respondents agreed (based on mean scores) that
the top three water sources available for housing construction are fresh
water (MS = 4.25), rainwater (MS = 4.16) and waste water (MS = 3.69), the
results reveal varying levels of acceptance for different water sources and
conservation techniques.
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Table 4:  Sources of water used in housing construction projects

Statements

N =104 2 g
Chronbach’s Alpha = 0.85 5 ®
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S| ~ X > ©
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We source constfruction water from 106 1.9 87 163 558 423 4 0.78
fresh tapped water
We use grey waste water sources for 548 11.5 67 29 163 290 2 0.92
making concrete
We sometimes harvest rainwater as 125 48 163 154 490 4.16 4 0.85
a source of water for washing tools,
mixing cement, and dust suppression
We use low-pressure alternatives for 144 7.7 48 471 192 3.16 3 1.02

cleaning on construction sites

We use misting or atomising systems 587 96 48 58 96 205 2 087
that use minimal water which are more
effective at dust suppression

We have a reservoir of water that 11.5 1 23.1 23.1 48 8.7 290 2 1.10
construction workers use to clean

heavy machinery and vehicles instead

of running tap water

We use reclaimed waste water 10.6 1 29.8 183 14.4 23.1 3.69 3 0.95
for some of the activities on
construction sites

The vast majority of the respondents (55.8%) strongly agreed with
sourcing construction water from fresh tapped water, leading to a high
mean score of 4.23. Despite calls for sustainable practices, fresh tapped
water remains a dominant choice, due to its accessibility and familiarity.
In contrast, the use of grey waste water for making concrete garnered
limited support, with 54.8% of the respondents strongly disagreeing and
a low mean score of 2.90. This resistance may stem from concerns about
material quality or logistical challenges. Rainwater harvesting appears to
be moderately accepted, with 49.0% of the respondents strongly agreeing
and a mean score of 4.16. However, the relatively low percentage of strong
agreement suggests that, while recognised as beneficial, it is not yet
widely implemented. Low-pressure cleaning alternatives showed moderate
support, achieving a mean score of 3.16, although barriers such as cost or
training requirements may hinder broader adoption. Interestingly, misting
or atomising systems for dust suppression faced significant resistance,
with 58.7% of the respondents strongly disagreeing and a mean score of
2.05. This underscores the need for education and demonstration of their
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effectiveness to overcome scepticism. Similarly, the use of reservoirs for
cleaning machinery scored poorly, with 11.5% of the respondents strongly
agreeing and a mean score of 2.90, highlighting gaps in implementing
water-efficient practices. Finally, reclaimed waste water for construction
activities achieved a mean score of 3.69, reflecting moderate agreement
among respondents. While 23.1% of the respondents strongly agreed,
many remained neutral or opposed, indicating ongoing debates about its
viability and safety.

4.4 Water-conservation techniques

Table 5 presents the implementation of various water-saving measures
on construction sites associated with housing projects in Cape Town. The
internal consistency of the construct was confirmed with a Cronbach’s Alpha
of 0.88, indicating high reliability of the measurement items. Based on mean
scores above 4.00, the respondents agreed that efficient showers with low-
flow showerheads (MS = 5.00), fan misting systems for dust suppression
(MS = 4.18), and pressure-reducing valves (MS = 4.04) are the top three
water-conservation techniques used on housing construction sites.

Table 5:  Water-conservation methods in housing construction

Statements R g <
N=104 >3 3 S R o
5 = L = © Do S
Chronbach’s Alpha = 0.88 25 > = o S0 8
S8 8 3 § ££88 3Ba
358 =2 < BIS Sa
We use dust-suppression vehicles 8.7 240 10.6 11.5 442 3.60 4 0.85
with sprinklers
We use efficient showers with low-flow 35.6 9.6 48 192 30.8 500 5 0.70
showerheads
We use fan misting systems for 33.7 11.5 10.6 17.3 240 4.18 4 0.92
dust suppression
We use high pressure trigger-operated 77 87 144 115 510 380 4 0.88

spray gun hoses

We use low flush cisterns/urinals/ 58 7.7 269 490 58 290 3 1.05
wafterless urinals in the constfruction of
housing projects

We use pressure-reducing valvesinthe 8.7 24.0 10.6 11.5 442 404 4 0.95
construction of housing projects

We use water sprinkler systems for 35.6 9.6 48 192 308 3.69 4 0.87
curing concrete to reduce water

wastage

We use vacuum ftoilets to ensure 33.7 11.5 10.6 17.3 240 3.60 4 0.90
efficient water use

We use a washing bay for wheel 7.7 87 144 11,5 51.0 323 3 1.10

washing, in order fo conserve water use

We use water-efficient taps to control 58 77 269 490 58 205 2 120
water wastage
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The analysis of the findings reveals a spectrum of approval for various
water-saving methods in construction, reflecting differing perceptions of
their utility and relevance among the respondents. Low-flow showerheads
emerged as the most favoured technique, with a mean score of 5.00,
indicating strong consensus on their effectiveness; over 30.8% of the
participants strongly agreed that these fixtures are valuable for conserving
water, particularly in residential or onsite applications. Fan misting systems
received moderate support (MS = 4.18), with 24.0% of the respondents
strongly agreeing and a combined 34.6% of the respondents showing
practical acceptance, suggesting their potential for dust suppression during
construction. Pressure-reducing valves also garnered moderate approval
(MS = 4.04), although limited strong agreement (11.5%) points to their
perceived usefulness in specific contexts. Sprinkler systems for curing
concrete scored 3.69; highlighting mixed opinions while 35.6% strongly
supported their use, 30.8% expressed scepticism, underscoring the need
for further clarification on their efficiency. Vacuum toilets achieved a mean
score of 3.60, demonstrating moderate agreement but facing resistance
from 24.0% of the respondents who strongly disagreed, indicating doubts
about their broader applicability. Washing bays for wheel washing scored
lower at 3.23, with just 7.7% of the respondents strongly supporting them
and 51.0% of them strongly opposing, revealing limited enthusiasm for this
method. Low flush fixtures (MS = 2.90) and water-efficient taps (MS = 2.05)
faced significant scepticism, with only 7.7% and 5.8% of the respondents,
respectively, strongly agreeing, while 49.0% of them strongly disagreed
with the latter, suggesting unfamiliarity or disbelief in their ability to reduce
water waste effectively during construction. These results highlight the
importance of addressing knowledge gaps and promoting awareness to
enhance the adoption of sustainable water-conservation practices.

4.5 Conservation challenges

Table 6 shows the results on the barriers that hinder effective water
practices. This study delves into the challenges encountered while
attempting to implement sustainable water-conservation methods within
housing construction projects in Cape Town. The Cronbach’s Alpha is 0.86,
indicating high reliability of the measurement items. With mean score rating
above 4.00, the participants agreed that the attitude and behaviour among
site workers toward water conservation, (MS = 4.32), lack of policies and
planning (MS = 4.18), and a lack of efficient technologies for conserving
water (MS = 4.00) are the top three challenges to implementing water-
conservation practices in housing construction projects.
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Table 6:  Conservation challenges

Statements 3 g -
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There is lack of policies and planning 1.9 1.9 173 337 452 418 4 0.78

for water conservation

There is lack of positive attitude and 1.9 11.5 135 144 57.7 432 4 0.85

behaviour of site workers towards
water conservation

There is lack of alternative housing 1.9 1173 125 337 31.7 323 3 092
construction methods

There is lack of efficient technologies 58 3.8 183 298 413 400 4 0.90
necessary for conserving water use
during housing construction

There is lack of monitoring and 13.5 4.6 279 87 433 372 4 087
targeting of water use

There is lack of water audit policy to 192 1.0 221 87 423 3.69 4 085
determine the amount of water loss
due to leakage

The findings reveal multifaceted challenges in implementing sustainable
water conservation practices during housing construction in Cape Town.
A prominent challenge is the lack of policies and planning for water
conservation, with 45.2% strongly agreeing and an overall mean score
of 4.18. This resonates with prior research underscoring the critical role
of policy support in fostering sustainable practices. Another significant
obstacle identified is the negative attitudes and behaviours of site workers
toward water conservation, with 57.7% strongly agreeing and a high mean
score of 4.32. This highlights the importance of addressing behavioural
factors through targeted training programs and awareness campaigns to
promote mindful consumption practices. The lack of alternative housing
construction methods also emerged as a noteworthy challenge, with
33.7% agreeing and 31.7% strongly agreeing, resulting in a mean score
of 3.23. This suggests recognition of the potential benefits of exploring
alternative materials and techniques to enhance water efficiency in
construction processes. Insufficient access to efficient technologies for
water conservation was another considerable barrier, with 41.3% strongly
agreeing and a mean score of 4.00. This finding aligns with existing
literature emphasizing the role of technological innovation in advancing
sustainable water management practices. The lack of monitoring and
targeting mechanisms for water use during construction projects surfaced
as a significant issue, with 43.3% strongly agreeing and a mean score of
3.72. This highlights the importance of introducing systems to track and
regulate water consumption, ensuring transparency and accountability.
Finally, the absence of a water audit policy to determine water losses
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due to leakage was identified as a considerable challenge, with 42.3%
strongly agreeing and a mean score of 3.69. This underscores the need for
systematic evaluations to identify inefficiencies and reduce water wastage
effectively.

4.6 Conservation strategies

Table 7 shows the results for possible strategies for enhancing water
conservation in housing construction projects within Cape Town as
perceived by the survey respondents. The Cronbach’s Alpha is 0.84,
indicating high reliability of the measurement items. The adoption of closed
loop systems (MS = 4.72), increasing water conservation awareness
among site workers (MS = 4.65), and the introduction of water leak
detection and monitoring systems (MS = 4.58) emerged as the top three
water conservation strategies in housing construction.

Table 7:  Conservation strategies

Statements ~
N =104 £ & o
) 228 S & 8 -
Chronbach’s Alpha = 0.84 25 > S © D¢ o 8
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Policies are in place to integrate 29 192 31.7 125 308 365 4 0.87

water efficiency during consfruction of

housing projects

Introduce a water action plansuchas = 3.8 1.0 163 692 9.6 4.49 4 0.68
rainwater collection for use in housing

construction

Infroduce water leak detection and 1.9 77 183 712 1.0 458 4 0.52
monitoring systems

Assign responsibility and targets to the 1.0 2.9 135 23.1 587 437 4 0.75
site staff for the conservation of water

on construction sites

Improve monitoring and supervisionof | 1.0 11.5 38 250 57.7 432 4 0.78
site staff to ensure they practice water

conservation methods

Increase water conservation 1.0 154 1.9 135 673 465 5 0.63
awareness among site workers

Implement closed loop systems to 1.0 1.0 7.7 125/76.0 472 5| 0.56
regulate water use during housing

construction.

Infroduce dry wall partitions instead 1.0 6.7 154 11.5 60.6 441 4 0.71

of brick and block walls in order to

minimise water use in construction

It is best for construction firms to adopt | 16.3 240 9.6 48.1 1.9 385 4 0.92
the use of steel-intensive construction

methods as an alternative

Itis best to adopt the use of pre-mixed | 1.9 19.2 125 12,5 51.9 4.12 4 0.83
concrete and pre-mixed mortar as the

alternative
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The results highlight several promising strategies for enhancing water
conservation in housing construction projects in Cape Town. A key finding
is the overwhelming support for introducing a water action plan such as
rainwater collection systems, with 69.2% of the respondents agreeing
and a high mean score of 4.49. This indicates that respondents recognise
the importance of proactive measures to address water scarcity during
construction. Another notable strategy is the introduction of water leak
detection and monitoring systems, which received a mean score of 4.58
and agreement from 71.2% of the participants. This emphasises the
critical role of technology in identifying and minimising water wastage
on construction sites. Assigning responsibilities and targets to site staff
for water conservation also garnered significant support, with 58.7%
of the respondents strongly agreeing and a mean score of 4.37. This
suggests that clear accountability mechanisms could play a vital role in
promoting sustainable practices among workers. Similarly, increasing
water-conservation awareness among site workers was widely supported,
achieving a mean score of 4.65 and agreement from 67.3% of the
respondents. This highlights the importance of education and training
in fostering a culture of sustainability within the construction sector. The
adoption of closed loop systems emerged as one of the most favoured
strategies, with 76.0% of the respondents strongly agreeing and a high
mean score of 4.72. This indicates a strong willingness to embrace
innovative solutions for regulating water use during construction. Other
strategies such as introducing dry wall partitions (MS = 4.41) and adopting
pre-mixed concrete and mortar (MS = 4.12) also received favourable
responses, reflecting interest in exploring alternative materials to minimise
water consumption. However, the adoption of steel-intensive construction
methods faced some resistance, with only 48.1% of the respondents
agreeing and a lower mean score of 3.85. This suggests that, while
alternatives exist, their feasibility and acceptance vary depending on
context and perception.

4.6 Qualitative results

To complement the quantitative findings, this study incorporated open-
ended questions to explore strategies for water conservation during
housing construction in Cape Town. The qualitative data provided deeper
insights into the complexities of water management on construction sites.
Table 8 shows the ten strategies that emerged from the thematic analysis.
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Table 8:  Thematic analysis code frequency table

Number Code Frequency
1 awareness and tfraining 38
2 policy 24
3 alternative water sources 12
4 water metering and monitoring systems 12
5 use of recycled water 11
6 regulations 10
7 alternative construction technologies 9
8 monitoring 8
9 penalties 6
10 non-water methods 2

Education: A recurring suggestion from participants was the need for
increased awareness and training regarding water-conservation practices.
Thirty-eight responses highlighted the importance of educating site workers
and promoting mindful consumption habits. This proactive approach could
encourage a culture of sustainability within the construction sector, ensuring
more efficient water use and reduced wastage.

Policy: Twenty-four responses advocated for stronger policy guidelines
to enforce sustainable water practices, while six responses suggested
introducing penalties for excessive water wastage. These recommendations
reflect the need for stricter regulatory frameworks to ensure compliance
with water-conservation goals. Ten responses noted the necessity of
implementing rules and controls to manage water usage effectively,
while eight responses emphasised the importance of guidelines and
monitoring systems.

Alternative water sources: Twelve responses highlighted the need for
alternative water sources such as rainwater harvesting or boreholes.
Eleven responses supported the use of recycled water for non-potable
purposes such as dust suppression and cleaning, while nine responses
recommended exploring alternative construction technologies that minimise
water consumption.

Alternative technologies: Twelve responses advocated for the imple-
mentation of water metering and monitoring systems to track and regulate
water usage on construction sites. Such measures would provide valuable
data to optimise resource allocation and identify areas for improvement.
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5.  DISCUSSION

This study shows the critical importance of sustainable water management
in housing construction projects, revealing varying degrees of awareness,
acceptance, and implementation of water-conservation practices among
stakeholders in Cape Town’s construction sector. The findings suggest
a growing recognition of water-efficient technologies, yet also highlight
significant barriers that hinder their broader adoption.

The results on the adoption and effectiveness of water-efficient
technologies reveal strong stakeholder agreement on the effectiveness
of specific water-saving technologies. Notably, low-flow showerheads
received the highest approval (MS = 5.00), reaffirming their perceived
utility in reducing water consumption. Similarly, fan misting systems
for dust suppression (MS = 4.18) and pressure-reducing valves
(MS = 4.04) garnered moderate support, indicating growing acceptance of
these practical solutions. These findings align with Tam and Lee (2007),
who emphasised the effectiveness of such technologies in promoting
sustainable water use on construction sites. However, other technologies
received mixed or low support. Water-efficient taps (MS = 2.05), low-flush
fixtures (MS = 2.90), and rainwater collection systems (MS = 2.90) were
met with scepticism, reflecting significant knowledge limitations and a
lack of perceived cost-benefit justification. This corroborates the findings
of Dolnicar and Hurlimann (2010) and Waidyasekara et al. (2016), who
identified limited awareness, behavioural resistance, and technological
unfamiliarity as common barriers to adoption. Vacuum toilets (MS = 3.60)
and sprinkler systems for concrete curing (MS = 3.69) were moderately
accepted but faced resistance — particularly vacuum toilets, with 33.7% of
the respondents strongly disagreeing with their use — suggesting a need for
education on their functionality and benefits. Similarly, despite the potential
of sub-metering systems (MS = 4.04) and water leak detection tools
(MS = 3.23), their modest uptake indicates implementation challenges
related to cost, logistical complexity, or limited technical capacity.

Results on the guidelines, planning, and policies in water conservation
revealed critical gaps in the implementation of freshwater usage guidelines.
While 28.8% of the respondents supported the use of a builder’s guidebook,
a significant portion of the respondents either disagreed (41.3%) or
remained neutral (6.7%), indicating low awareness or limited integration of
best practices on construction sites. This reflects broader issues highlighted
in the National Water Act (South Africa, 2013), which emphasises policy
intent but often lacks practical enforcement mechanisms at project level.
Environmental policy compliance received moderate support (MS = 3.60),
suggesting that regulatory frameworks are acknowledged but inconsistently
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applied. The strong agreement on the potential effectiveness of increased
water tariffs as a control measure (MS = 5.00) reinforces the role of
economic incentives in promoting behavioural change (Olley et al., 2024).

Incorporating water-efficient design from early planning stages was also
moderately supported (MS = 4.18), highlighting a shift toward integrating
sustainability into project inception. However, lower scores for water action
plans at construction inception (MS = 3.33) and rainwater harvesting
(MS = 2.90) indicate challenges in operationalising these strategies, likely
due to cost constraints, insufficient training, or unclear guidelines.

Several key barriers emerged from the study, showing the complex
landscape of water conservation implementation. The most significant
challenge identified was the lack of planning and regulatory frameworks
for water conservation, with 45.2% of the respondents strongly agreeing
(MS = 4.18) that this issue impedes progress. This reflects broader
structural shortcomings emphasised in the literature (South Africa, 1998).

Behavioural resistance among site workers was another prominent barrier
(MS = 3.17), with 57.7% of the respondents strongly agreeing. Resistance
to change, limited awareness, and inadequate training contribute to
this issue, as also reported by Waidyasekara et al. (2016). In addition,
technological limitations (MS = 4 .00) and insufficient monitoring and
auditing systems (MS = 3.69 and MS = 3.72, respectively) further constrain
effective implementation. Similarly, George-Williams et al. (2024) advocate
for innovation and systemic oversight to reduce inefficiencies and water
losses on construction sites.

Despite the challenges, several strategies emerged as effective measures
to promote water conservation. High support was recorded for water leak
detection systems (MS = 4.58), assigning responsibilities and setting water-
use targets for site staff (MS = 4.37), and implementing comprehensive
water action plans (MS = 4.49). These findings support Tam and Lee’s
(2007) assertion that proactive planning and accountability are vital for
sustainability.

Awareness-raising campaigns were particularly emphasised (MS = 4.65),
aligning with Addo et al. (2018), who stressed the transformative power
of education in shaping sustainable behaviours. Adoption of closed-loop
water systems (supported by 76.0% of the respondents) and dry wall
partitions (supported by 60.6% of the respondents) further demonstrate the
willingness of industry professionals to embrace innovative, water-saving
construction techniques.

Qualitative findings reinforce these quantitative trends, highlighting a
comprehensive set of proposed actions: enhanced training and education
(38 responses), clear policy frameworks and penalties for non-compliance
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(24 responses), use of recycled water and alternative sources
(12 responses), and broader adoption of monitoring systems and
technologies. These recommendations echo Ajzen’s (2005) theory of
planned behaviour, which links awareness, attitudes, and perceived
control to conservation behaviour. Importantly, respondents emphasised
the widespread use of water trucks for construction activities, including
concrete mixing and dust suppression. This reliance highlights
inefficiencies and the urgent need for alternative water sources and better
usage tracking (Patil, 2016).

The study’s findings carry several practical implications for construction
industry stakeholders to optimise water efficiency. First, targeted awareness
and education programmes are essential to overcome behavioural
resistance and improve acceptance of underutilised technologies. Secondly,
regulatory enforcement must be strengthened to bridge the gap between
policy and practice. Thirdly, integration of water-saving strategies at the
pre-design and tendering stages can help embed sustainability from project
inception. Furthermore, promoting economic incentives such as higher
water tariffs, subsidies for adopting efficient technologies, or penalties
for wasteful practices can drive behavioural shifts. Finally, collaboration
between policymakers, contractors, engineers, and workers is critical to
developing practical solutions tailored to on-site realities.

6.  CONCLUSION AND RECOMMENDATIONS

The findings of this study highlight that effective water conservation in
housing construction projects depends not only on technological solutions
but also on comprehensive stakeholder engagement, informed decision-
making, and policy support. Although the impacts of water scarcity
on construction timelines and project costs are evident, this research
emphasises that the real opportunity lies in how industry stakeholders
respond through strategic action.

Stakeholders identified that encouraging a proactive approach, through
awareness campaigns and site-based training initiatives, is central to
cultivating a culture of water mindfulness on construction sites. These
initiatives should be tailored to workers at all levels, from site staff to project
managers, ensuring that practical knowledge of water-efficient tools,
behavioural habits, and conservation procedures becomes embedded in
daily practice.

Regulatory interventions and structured enforcement mechanisms were
consistently emphasised as critical enablers for sustained water-saving
behaviour. Stakeholders are encouraged to collaborate with authorities
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in developing and adopting clear guidelines, builder’'s handbooks, and
compliance benchmarks that integrate water efficiency into all stages of
project development from planning and tendering through to construction
and post-construction phases.

In addition to policy and education, stakeholders should also focus on
incorporating alternative water sources such as recycled or harvested
rainwater and integrating closed-loop systems and sub-metering
technologies. These systems not only reduce dependence on municipal
supplies but also provide measurable data to inform more efficient site-
management practices.

The study reinforces the importance of strategic collaboration among
developers, contractors, suppliers, and policymakers to align technological
implementation with regulatory expectations and on-site realities. By
working collectively and adopting a holistic, multidimensional approach
to water conservation, the housing construction sector can enhance
operational efficiency, reduce water-related project risks, and contribute
meaningfully to long-term sustainability goals.
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