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Abstract

Water-positive housing design strategies play a significant role in promoting water security and resilience
in Africa. Literature asserts that water scarcity in Africa is increasing due to rapid urbanization, climate
change, and population growth. It is crucial to understand the extent to which research has progressed in
addressing the research gaps and identifying knowledge areas that require further exploration in Africa.
This study examines these research areas, identifies knowledge gaps in the literature, and outlines the
direction for further research. The Preferred Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) protocol was adopted in this study. Articles used were limited to English. One hundred fifty-
two (152) articles were obtained from the SCOPUS database. The study employed Bibilometrix and
VOSviewer software to generate the outcomes, and a qualitative study was conducted. The study's
conclusions offer a comprehensive overview of water-positive housing design strategies in Africa,
providing valuable insights for both academics and non-academics.
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1. Introduction

Water is essential for human survival, economic development, health, and environmental protection.
Access to safe water is crucial for well-being. A lack of potable water causes waterborne illnesses like
diarrhea, typhoid fever, electrolyte imbalances, cholera, gastrointestinal diseases, and even death (Abanyie
et al., 2025) .

There is a need to manage and conserve water because of rapid urban growth, population growth, and
climate change, which have resulted in water scarcity, a reduction in water quality, and distribution in
Africa (Ismail et al., 2024). There is an increasing need for research on how to efficiently use the limited
water supply to meet demand. The housing sector heavily consumes water from municipal or primary
sources. (Nnaji et al., 2019). Accordingly, there is a growing emphasis on adapting water-positive housing
design strategies.

Water-positive housing design strategies refer to:

1. An integrated and holistic approach that looks at all the components of a building and site, as well as
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water management systems (Eberhard and Quick, 1995; Ismail et al., 2024).

2. Maximization of water demand through the use of efficient fixtures, landscaping, and behavioural
solutions (Ismail et al., 2024; Worku, 2017).

3. Optimizing on-site water collection and reuse systems, including greywater recycling and rainwater
harvesting. (Worku, 2017).

4. Net-positive water balance that looks at houses producing more than their water consumption levels
(Eberhard and Quick, 1995).

5. Environmental sustainability that emphases the reduction of over extraction and treatment of
groundwater, hence protecting the ecosystem (Worku, 2017; Zareba et al., 2022).

6. Promoting water resilience and security, as well as water affordability in housing (Belmeziti et al.,
2025; Worku, 2017).

Over the years, research on aspects of water-positive housing design strategies has increased. Critical

issues on water governance, water management, sustainability in housing design, water quality, health

risks in housing, water supply, and urban housing have been examined in the literature (Belmeziti et al.,

2025; Frimpong et al., 2021; Nhongo and Dinka, 2025; Zargba et al., 2022). The data used for the study

were obtained from SCOPUS.

The period under review was from 1995 to July 2025. The research questions for this study are as follows:

1. What are the research domains in water-positive housing design strategies in Africa, looking at the
dominant authors, co-authors, dominant countries, average citations, co-authorship Network,
universities with more publications, and corresponding authors' country?

2. What are the dominant keywords and themes in research on water-positive housing design strategies
in Africa?

3. What are the future research directions and knowledge gaps in the study of water-positive housing
design strategies in Africa?

By answering these questions, the study offers a systematic overview of the field. This study is critical

because it guides future research and highlights knowledge gaps in water-positive housing design

strategies that can be adopted by academics, designers, non-academics, and policymakers in the effort to

improve the availability and sustainable management of water and sanitation for all (Sustainable

Development Goal 6). The subsequent part of the study is organized into subsections. Section 2 outlines

the research methodology employed. Section 3 presents the results from the bibliometric analysis related

to the first two research questions. Section 4 presents a discussion that analyses the findings, identifies

knowledge gaps, and suggests future research directions in water-positive housing design strategies. The

final section, Section 5, concludes the study and reviews its limitations.

2. Materials and Methods

2.1 Research approach

A bibliometric analysis was employed in this study. To achieve the set objectives, a sequential exploratory
design was used. Both quantitative and qualitative methods, as employed by Agyei et al. (2024) was
employed. This was intended to help clarify the various domains of research and to deepen appreciation
of themes and knowledge gaps in the field. To ascertain a systematic structure for the study, the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was used to retrieve scholarly
articles (Donthu et al., 2021). According to Page et al. (2021), the PRISMA approach is a more rigorous,
structured, and preferred way for structured reviews. Scopus was chosen for this study because it offers a
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high level of coverage, high-quality content, and the most extensive scientific database for bibliometric
research (Donthu et al., 2021). Examining water-positive housing strategies, which encompass a wide
range of aspects, Scopus provides a more comprehensive literature assessment.

2.2 Data collection

To obtain the required documents for the study, the PRISMA approach was used, following the keywords.
Water-positive housing strategies look at ways to reduce water consumption and promote sustainable water
conservation and management (Fakere et al., 2018; Thakur et al., 2022). The data for this study were
gathered on July 14, 2025. The Boolean strings were used in conjunction with the keywords (sustainable
water architecture OR sustainable housing OR water management strategies OR green building design
AND Africa) for the search.

There was no limit to the period of publication. A total of 64,893 Articles were obtained from all fields in
Scopus. The articles were screened to be in the English language only. To further ensure the rigor and
quality of analysis, an exclusion criterion (limited to publications in African countries and journal articles)
was applied. Lastly, for eligibility, the articles were further screened by using titles and abstracts, and a
total of 152 articles were included in this study. These processes are similar to those described in studies
by Agyei et al. (2024). They are illustrated in Figure 1. The analysis of 152 articles was conducted using
VOSviewer and the R software package (Bibliometrix).

Figure 1: Data Collection Process (author's illustration)
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2.3 Data analysis

In this study, we used BiblioShiny, an open-source tool for comprehensive scientific mapping, and
VOSviewer, a Java-based application for analysis. BiblioShiny (Bibliometrix) was chosen because it
supports co-author network analysis, tracking annual scientific output, analyzing authors’ keywords,
visualizing keyword occurrence networks, creating thematic maps, and more.

Also, the VOSviewer was used for visual citation network analysis (Aria and Cuccurullo, 2017). After
obtaining the data from the software, a detailed thematic analysis was conducted to identify gaps in the
literature and propose future research paths.

3. Results

This section is divided into two main parts. The first part provides a comprehensive overview of water-
positive housing design strategies in Africa, encompassing annual production, citations, authorship, co-
authorship, university publications, and the countries of the corresponding authors. The second part
examines authors' keywords, the keyword occurrence network, and the thematic areas in the literature.
The dataset for the study is found in Table 1.

Overall, 152 documents were reviewed, and 602 authors have published. The period is from 1995 to 2025
(July). This suggests that ongoing research in this area is still ongoing, with a growth rate of 8.32 percent.
Over the 30-year period, this indicates an increase in the rate of publications in this subject area. With an
average age of 4.89 percent, the study area appears current, indicating related knowledge gaps. The
average citation per document stands at 15.12 percent, which means that, on average, most articles in the
study have been cited by others 15 times. It emphasizes the increasing interest among researchers in this
field. With 1,237 keywords (generated from the articles and titles) and 568 authors' keywords, it suggests
that the various authors are focused on specific aspects of the research area. The co-authorship per
document (4.29), 53.95 percent international co-authorship, and seven single-authored documents suggest
a high level of collaborative and international research on water-positive housing strategies in Africa.

Table 1: Sample Statistics (author’s illustration)

Description Results
MAIN INFORMATION ABOUT DATA

Timespan 1995 to July 2025
Documents 152
Annual Growth Rate % 8.32
Document Average Age 4.89
Average citations per document 15.12
DOCUMENT CONTENTS

Keywords Plus (ID) 1237
Author's Keywords (DE) 568
AUTHORS

Authors 602
Authors of single-authored docs 7
AUTHORS COLLABORATION

Single-authored Documents 7
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Co-Authors per Documents 4.29
International co-authorships % 53.95
DOCUMENT TYPES
Article 152

3.1 Water-Positive Housing Strategies in Africa Research Field

This subsection provides a general overview of the research area, focusing on annual scientific production,
authors' productivity, co-authors' citations, universities that have made significant contributions to water-
positive housing strategies in Africa, and the countries of corresponding authors.

Figure 2 provides a general overview of publications from 1995 to 2025 (as of July 14th). Annual scientific
production must be examined to understand whether the study area is gaining attention and inform
researchers on the extent of work done (Lima and Carlos Filho, 2019). It is observed that the first
publication on water supply and sanitation in urban South Africa was "Getting it right during the transition
and beyond" (Eberhard and Quick, 1995). The period from 1996 to 2006 recorded no publications on the
subject area, except for 2003, which had one publication. The period between 2007 and 2017 recorded
very low publication numbers, with an average of 1 to 2 publications per year. The years 2018 to 2022
saw an increase in publications, totalling 84, which represents 55.26 percent (more than half) of the
publications used in this study. Nine publications were seen in 2023, and a sharp increase in 2024, which
recorded 26 publications. By the end of 2025, there will have been a record 11 publications. From the
analysis, it is observed that there is a gradual increase in interest in the subject area, and several discoveries
have been unearthed, adding to the body of knowledge.

Figure 2: Annual Scientific Production from 1995 to July 2025

According to Donthu et al. (2021), it is essential to examine the average citations within the study period
to comprehend the significance of various constituents in the research domain. Figure 3 shows the total
number of citations over the period. It is observed that very low citations were recorded between 1995 and
2017, suggesting a lesser impact in the study area. The years 2018 to 2023 saw a rise in citations, indicating
an increase in interest among researchers in the field of study. Twenty-six citations were recorded in 2024,
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indicating a significant increase in the research area. Research in the area of water-positive housing
strategies has improved and increased over the years. The last five years have seen a rise in impact and
research interest in this field. Figure 4, on the other hand, highlights the 10 most cited authors in the field
of water-positive housing strategies. Water Governance and Justice (Enqvist and Ziervogel, 2019),
accessing water services (Nganyanyuka et al., 2014), and quality assessment and primary use of water
(Dobrowksy et al., 2014), recording 151, 157, and 99 citations over the period. This emphasizes the fact
that water governance, water justice, access to water, and water quality focus are the primary areas of

research.
Figure 3: Average Citations from 1995 to July 2025
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Figure 4: Most Citations Authors
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Figures 5 and 6 show that Jacobs H. E. is the lead contributor over the period, with five articles published
in 2014, 2017, 2018, 2021, and 2022. Carden K, Frimpong L.K., Winter K., and Khan W., published
4,3,3,3, respectively. This implies that fewer than 1% of authors over the period have published three or

IUJFMR250663603 Volume 7, Issue 6, November-December 2025 6



http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

more documents. Notably, the increase in publications from Table 2 suggests a rise in publications from
2018.

Figure 5: Top 10 Most Production Authors

Figure 6: Top 10 Most Productive Authors (frequency)

Sum of frequency by Author

Several collaborations on articles have occurred during the review period. Figure 7 illustrates the co-
authorship network, which is divided into 11 clusters. It is observed that Carden K., Khan W., Jacobs H.
E., and Winter K. have the most collaborations in the study in Africa. The collaboration between Carden,
Armitage, Winter, Sichone, and Armitage is the strongest among the study's participants. They look at how
to dispose of and manage grey water from households. It examines the importance of using grey water
and provides planning and management guidelines for managing grey water. They conclude on how
policies on greywater management can be implemented for sustainable water management (Carden et al.,
2007). The second strongest collaboration is between Khan, Dobrowsky, and De Kwaadsteniet. They
looked at how rainwater harvesting can be the solution to global water deficiency (Dobrowksy et al.,
2014).
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Figure 7: Co-authorship Network
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Figure 8 examines the top 10 universities with the most publications on water-positive housing strategies
in Africa. The University of Cape Town and the University of Ghana are the top universities with 18
publications each. The University of Johannesburg has published 17 articles. Figure 9, on the other hand,
examines the top 10 countries with the highest corresponding authors and illustrates the balance between
their Single-Country Publications (SCP) and Multiple-Country Publications (MCP). South Africa, Ghana,
and Ethiopia have 33, 21, and 13 articles, respectively. They are the countries of the highest corresponding
authors. Moreover, the countries with the highest MCP, which suggests a 100% international
correspondence, are Canada, Australia, Algeria, the Netherlands, and the USA. It is evident from Figures
8 and 9 that the top two countries and universities with the highest number of publications and
correspondence are still from South Africa and Ghana. This suggests that African countries are not only
seeking single-author publications but also strive for a balance of international collaborations.

Figure 8: Top 10 Universities with more Publications
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This first section provides a general overview of the water-positive housing design Strategies literature in
Africa, highlighting key authors, correspondence, citations, and universities with the highest number of
publications. The ensuing section expands on the thematic areas in literature to help appreciate and
understand the dominant regions of literature, as well as the emerging themes and research directions.

3.2 Thematic Analysis

In this section, the dominant thematic areas in research on water-positive housing design strategies are
examined. The keywords used by authors in literature are examined, as well as the co-occurrence network
of these keywords. This aids in determining the thematic areas within the field of study (Naeem et al.,
2023).

Figure 10 shows the 50 most common dominant keywords. The bigger the size of the word, the more
predominant the keyword. It is seen that water supply, water management, and water quality are the three
most dominant keywords, looking at their sizes. In addition, the top 10 keywords with their corresponding
occurrences are, water supply (59), water management (46), water quality (32), South Africa (28), drinking
water (26), Ghana (24), sanitation (24), potable water (23), water source (18) and articles (17). These
keywords identify the dominant research areas, serve as the basis for thematic analysis, reveal trends, and
indicate areas to focus on in the data reviewed for water-positive housing strategies.

Figure 11 shows the 10 most frequent authors' keywords. It shows a higher rate of growth in keyword
frequency from 2015 compared to previous years. Research has increased from 2015 to date, and the
different keywords, such as "water supply" (in magenta) and "water management" (in blue), have shown
the highest growth over the period. Others, such as Ghana (in olive green) and South Africa (in cyan),
continue to dominate in the keywords, confirming their impact, as seen in Figure 9, which shows the two
countries leading the field in research on water-positive housing strategies. Generally, it is observed that
all these authors' keywords are increasing in terms of their usage.
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Figure 10: Fifty (50) most common authors’ keywords
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Figure 11: Ten most Frequent Authors’ keywords used over time

To further analyse and group the keywords into themes, a VOSviewer software analysis was done. This
analysis examined 90 keywords, with the minimum number of occurrences set at 5. The total number of
links and total link strengths analysed were 1,897 and 4,453, respectively. The circle sizes, corresponding
to the respective keywords, indicate their frequency levels. The bigger the circle, the greater the weight,
and the lines connecting the circles are called links. The shorter the line, the stronger the relationship
(Cvetkoska et al., 2023).
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Three distinct colours group the key words into sub-themes under water-positive housing strategies. The
dominant key highlights are water management (red), water quality (green), and water supply (blue), as
confirmed in Figure 10. The first cluster (red) encompasses water management, water demand, sustainable
development, potable water, housing, water conservation, and rainwater harvesting, as indicated by its
keywords. These relate to the sub-theme, water management and sustainability in housing design. Water
quality, water pollution, the World Health Organisation, microbiology, wastewater, and health risks are
all found under cluster 2 (green). These relate to a sub-theme, water quality and health risks in housing.
Lastly, some keywords under cluster 3 (blue) include water supply, urbanization, household survey, water
planning, urban areas, and Greater Accra. These are related to the sub-theme of water supply and urban
housing.

Figure 12 shows the various nodes that represent the keywords and terminologies from the dataset. The
different node sizes represent the frequency of occurrence. The larger the size, the higher the frequency,
and the smaller the circle, the lower the frequency. The network lines represent the co-occurrence
relationships between the keywords. Thicker lines indicate stronger co-occurrence links, and the proximity
of circles shows how often they appear together in research.
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Figure 12: Keyword Occurrence Network

Figure 13 confirms Figure 2, illustrating the periods for the keyword occurrences as 2018 (in dark purple)
and 2021 (in yellow). The dominant keywords, as illustrated in Figure 13, between 2018 and 2021 were
water management, water supply, and water quality, which confirm the key sub-themes identified in
Figure 12. South Africa and Ghana are again seen as leaders in water-positive housing research, according
to Figure 13.
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Figure 13: Keyword Occurrence Overlay Visualization

Table 2 provides further support for the cluster (sub-themes) used in the analyses. It shows the keywords
and their respective links, occurrences, and total link strengths. Water supply has the highest link (88),
occurrence (67), and total link strength (522). This emphasizes that water supply is a significant keyword
when it comes to the water-positive housing strategy research field (Cvetkoska et al., 2023).

Table 2: 15 Keywords and their Links (authors’ illustration)

Position Keyword Cluster Occurrence Link Total link
Number strength

1 Water supply 3 67 88 522

2 Water management 1 51 86 361

3 Water quality 2 32 81 321

4 South Africa | 29 57 157

5 Drinking water 2 26 77 273

6 Sanitation 3 24 64 196

7 Potable water 1 23 72 201

8 Urban area 3 22 54 141

9 Ghana 3 22 63 167

10 Sustainability 1 20 36 112

11 Housing 1 19 52 130

12 Article 2 18 71 256

13 Rainwater 1 18 52 141

14 Water Demand 1 15 39 91

15 Health Risk 2 13 62 165
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A thematic map analysis was conducted to gain an understanding of the current state, and a study was
performed to inform future research directions in water-positive housing strategies. The thematic map has
four quadrants, each highlighting a different theme. These are the Niche, Emerging/ Declining, Motor, and
Basic themes (Bagdi et al., 2023). The map features a vertical axis indicating density (development level)
and a horizontal axis representing Centrality (Relevance Level). The placement of clusters on these axes
determines their density or centrality.

e Niche Themes and Emerging/ Declining Themes

Niche themes are well-developed but lack centrality. This means they have fewer links to the core field of
study. These are located at the top left of Figure 14. Emerging/ Declining Themes have both low centrality
and density. They are either less developed or fading out as subjects (Rahim Thaha et al., 2025). These are
located at the bottom left of Figure 14. The key themes that intersect are water demand, climate change,
rainwater harvesting, water conservation, water planning, water use, rain, rainwater, and housing. These
are both underexplored and have fewer connections to other themes. Water conservation is crucial to help
reduce water scarcity (Bigurra-Alzati et al., 2021). To achieve water sustainability in the urban space, there
is a need to explore rainwater harvesting as an alternative water source (Ndeketeya and Dundu, 2019).
These studies, among others, highlight the need to concentrate research on these themes to promote water-
positive strategies in Africa.

e Niche Themes and Motor Themes

Motor Themes are highly developed with high centrality, indicating strong connections to related topics
and playing a significant role in advancing the research area (Rahim Thaha et al., 2025). These are located
at the top right of Figure 14. The illustration shows again a centrality (relevant degree) line intersecting
both Niche and Motor Themes. This suggests that the themes of health risk, human, household, hygiene,
and Informal settlements are significant areas that need to be further explored in research. These are well-
researched areas, but since they still fall under the Niche themes, they have not yet reached their full
impact; hence, further research is needed to achieve full centrality.

e Basic Themes

These are crucial themes, but they are underdeveloped. They need further development since they have
low density but high centrality (Rahim Thaha et al., 2025). These are located at the bottom right of Figure
14. Water supply, water management, water quality, drinking water, sanitation, potable water, and water
resources are essential themes, but are underdeveloped. The figure suggests that these themes should be
explored in future research on water-positive housing strategies. Dusabe et al. (2019) as mentioned, there
is a need to provide basic quality water for human survival. Poor sanitation can be a result of inadequate
water supply in households, which can result in diarrhoea among children and in the informal housing
settlements (Nguyen et al., 2021). Water management is also crucial since there is a limited potable water
supply in households (McClelland et al., 2022). These studies, among others, highlight the importance of
further research in this area, especially on these particular topics.

South Africa and Ghana, within the Basic theme, emphasize the significance of country collaboration.
There is a need for further research on water—positive housing strategies to enhance the understanding of
water management, resources, policy, technology, and potable water supply. Conducting empirical studies
in these areas will help bridge the existing knowledge gaps.
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Figure 14: Thematic Map

4. Discussion

This section provides a general overview of water-positive housing design strategies in Africa. A
qualitative analysis was conducted better to understand the themes, support interpretation of the findings,
mitigate potential biases, and meet the research objectives.

4.1 Research Topics

4.1.1 Water Management and Sustainability in Housing Design.

The literature indicates that water-positive housing design strategies address both water management and
broader sustainability issues in housing. Efficient water management should be incorporated into housing
design, starting from water supply to wastewater treatment. At the household level, decentralizing water
management systems is essential. Rainwater harvesting as well as greywater recycling can promote
housing water resilience and sustainability (Moghayedi, 2024). Similarly, implementing greywater and
rainwater harvesting as a housing design strategy can provide an alternative source of water,
supplementing the primary source, which is limited in supply. Zargba et al. (2022) support the other
authors by also highlighting that stormwater can be considered a water-positive housing design within a
green infrastructure system strategy. Again, it is argued that incorporating permeable pavements, swales,
green roofs, and retention ponds into housing design can help reduce flooding and waste from running
water. These alternative water sources can be used for toilet flushing, watering plants, and the like
(Angmor et al., 2024; Carden and Fell, 2021; Mukwarami and Fakoya, 2022; Thakur et al., 2022). Another
key aspect of water management and sustainability, as mentioned by Abraham et al. (2015), This involves
using water-efficient fixtures like low-flow toilets, showerheads, and taps. These design choices in housing
help reduce indoor water use. Thakur et al. (2022) agree and add that there is also a need for behavioural
change by household water users since people turn to waste water by their actions. Awareness creation,
education, and the like can help promote water conservation and efficiency.

The aspects of landscaping as a means of water sustainability are also not left out. Drought-resistant
landscaping and proper irrigation design concepts help minimize outdoor water usage. Cost is one of the
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main concerns for families when it comes to water-positive housing design strategies. For these above
strategies to be economically sustainable, it is essential, according to Belmeziti et al. (2025), to look at a
cost-effective water management design solution. This has an impact on equitable accessibility by
households (Thakur et al., 2022).

For governance and policy implementation purposes, examining the water supply deficits in Africa as a
whole, there must be community engagement and participation. Government policies should be tailored
to stress the importance of effective implementation when it comes to water issues (Moghayedi, 2024).
There are a series of case studies in the literature showing how water management and sustainable housing
design strategies have been implemented and their successes. In South Africa, for example, innovative
technologies and studies on water usage behaviours have been employed in affordable housing
(Mukwarami and Fakoya, 2022; Thakur et al., 2022). Also, Addis Ababa in Ethiopia is looking at water
conservation and stormwater management strategies in housing as a policy (Moghayedi, 2024;
Mukwarami and Fakoya, 2022).

The literature indicates that, due to water scarcity, there is a need to manage and employ sustainability
design strategies. The use of technology, education, policy, affordability principles, reuse systems,
recycling approaches, and decentralization systems in housing design will go a long way to promote water
efficiency and conservation in housing in Africa.

4.1.2 Water Quality and Health Risks in Housing

The quality and health risks associated with household water are critical because they directly impact
people's health. Key aspects of water-positive housing design strategies are informed by this issue.
According to Gbedemah et al. (2024) and Nhongo and Dinka (2025), there are several unsafe water supply
sources, such as surface water and open wells. These expose users to numerous waterborne diseases.
Abanyie et al., (2025) supports by adding that some of these waterborne diseases are diarrhoea, cholera,
typhoid fever, electrolyte imbalances, gastrointestinal illnesses, and even death, especially for the
vulnerable population. There is usually an outbreak of these diseases when water sources are not
adequately treated, contaminated, or when there are poor hygiene practices (Nhongo and Dinka, 2025).
When there is an outbreak, Abanyie et al., (2025) adds, children, the elderly, and those with a weak immune
system usually suffer.

Apart from the issues with water scarcity and unsafe water sources, poor sanitation and waste discharge
also pose significant health risks. Poor sewage systems, improper discharge of wastewater, inadequate
sanitary facilities, and the like pollute water bodies and affect drinking water quality (Sindane and Modley,
2023).

The primary factors influencing water quality in Africa include the absence of basic services like clean
water and sanitation. (Sindane and Modley, 2023). Baddianaah et al. (2024) further adds that inadequate
and poorly designed infrastructure for water and sanitation is also a critical factor. Gbedemah et al., (2024)
agrees and adds that climate change also impacts water quality and its availability. During these changes,
there are droughts, floods, and sometimes concentrated pollution.

It is essential to critically examine these issues and develop strategies to mitigate or eliminate their impact
on households. Water treatment methodologies, education on hygiene, provision of improved sanitary
facilities, and introduction of water quality control and monitoring systems help reduce health risks and
improve water delivery and use quality (Baddianaah et al., 2024; Kihila and Balengayabo, 2020; Tesfay
Abraha et al., 2024).
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4.1.3 Water Supply and Urban Housing

This section examines the challenges of water supply for housing, including the causes of inequality in
water access, governance and management issues, and sustainable solutions and alternative strategies for
water-positive housing in Africa.

Belmeziti et al. (2025) and Frimpong et al. (2024) suggest that the primary causes of water supply
irregularities in many households stem from inadequate or poorly maintained water infrastructure. These
could be leakages, old pipes that need replacement, or poor distribution pipe networks. Rapid urbanization,
in contrast to the rate of development in terms of water, has led to water scarcity and access issues.
Frimpong et al. again mention that urbanization and informal settlement development against a limited
water supply push households to rely on alternative water supply options. These are usually expensive and
cannot be relied on.

In addition to the above, low-income households usually face the challenge of low water supply compared
to high-income households. This prompts them to purchase water from alternative sources rather than
municipal or primary ones (Frimpong et al., 2024).

Several institutional challenges, such as financial constraints, operational problems, and households'
inability to pay water levies, can affect water management and governance. Additionally, weak governance
frameworks hinder the delivery of water services across Africa (Ablo and Yekple, 2018; Braimah et al.,
2018; Frimpong et al., 2024).

It is essential to provide sustainable solutions to the above issues to enhance water efficiency. Frimpong
et al. suggest that an integrated Urban Water Management (IUWM), which looks at water supply,
stormwater management, and sanitation, be employed. The issue of demand management also needs to be
looked at. There should be the implementation of water consumption technologies in design, and water-
saving behavioural education (Abraham et al., 2015; Inkani et al., 2021; Moghayedi, 2024). Design
strategies, such as incorporating rainwater harvesting techniques, water reuse systems, and recycling,
should be integrated into design concepts to provide alternative water sources, thereby reducing pressure
on potable water and enhancing water security. (Abraham et al., 2015; Inkani et al., 2021; Lewis et al.,
2018; Moghayedi, 2024; Worku, 2017). Ablo and Yekple (2018), further emphasize that to achieve water
sustainability and equitable solutions, community or stakeholder engagements should be prioritized.

4.2 Knowledge Gaps and Future Research Directions
After a careful study in the subject area limited to the African context, several knowledge gaps and future

research directions have been identified.

Table 3: Knowledge Gaps and Future Research Directions (authors’ illustration)

Key Issues Identified Knowledge Gaps and Future Research Directions
Water Policy and Governance 1. Empirical research on policies and frameworks that can
promote water-positive housing in Africa.
il. Empirical research into Low-income governance
systems with respect to water infrastructure systems.
Technical, Technological 1. An integrated design framework for water-positive
Innovations, and Architectural architecture.

Design Strategies
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Community-level Dynamics 1. Comparative analysis of water management in various
housing typologies and their impact on housing.
Socio-Economic and Behavioural 1. An empirical study on individuals' behavioural patterns,
Aspects cultural practices, and socio-economic traits related to

water supply and usage.

This is illustrated in Table 3 and discussed below:

4.2.1 Water Policy and Governance

Belmeziti et al. (2025) have pointed out that there have been some policies governing water conservation,
supply, and the like. What is missing in current research is a comprehensive water-positive housing design
policy and governance framework that actively involves local communities in decision-making processes
related to water management. Again, governance systems and policies that look at water infrastructure and
its design in the low-income communities should be examined (Frimpong et al., 2024).

4.2.2 Technical, Technological Innovations, and Architectural Design Strategies

The research has resulted in various new technologies and innovations, such as Internet of Things (IoT)
strategies that enable monitoring and management of water supply and usage (Abraham et al., 2015;
Dickson-Gomez et al., 2023). Again, there have been several design strategies, such as rainwater
harvesting, stormwater management, the use of bioswales, building materials selection, both indoor and
outdoor water connection systems, water-efficient technology specifications, the sponge city concept,
water-sensitive urban design, and green infrastructure strategies, among others. (du Toit and Wagner, 2022;
Inkani et al., 2021; Moghayedi, 2024; Worku, 2017; Zargba et al., 2022). There is a need to evaluate and
establish a comprehensive integrated design framework for water-positive architecture that encourages
water efficiency and conservation across Africa (Dolman, 2023).

4.2.3 Community-level Dynamics

Studies have highlighted specific typologies, such as the informal sector, and its water-related issues,
including a lack of access to potable water. (Frimpong et al., 2024). There is a need for a comparative
study on the design strategies, supply systems, water usage, water management systems, and sanitation
for the different housing typologies in the communities.

4.2.4 Socio-Economic and Behavioural Aspects

Literature has highlighted some key behavioral attitudes related to water conservation and management.
These include wasteful water consumption practices, failure to pay water levies, over-reliance on the
government for water supply, and misconceptions about using greywater and rainwater. (Baddianaah et
al., 2024; Carden et al., 2008; Nganyanyuka et al., 2018; Thakur et al., 2019). To advance research, an
empirical study on the behavioural patterns of individuals, the cultural practices, and the socio-economic
characteristics of the supply and usage of water should be conducted.

5. Conclusion

Water is essential for human survival. It is a basic human need. Water promotes human hygiene, helps
prevent diseases, regulates the human temperature, and sustains the ecology (Ahmed et al., 2022;
Baddianaah et al., 2024; Tesfay Abraha et al., 2024). “The provision of clean water is regarded as the heart
of all the Sustainable Development Goals” (Mukwarami and Van der Poll, 2023). There is therefore a need
to look at water-positive design strategies in housing to be able to adequately design, supply, use, manage,
and conserve water. There have been several studies in this field, but there is a need to assess the level of
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research done to determine the knowledge gap as well as the future research directions, especially in
Africa. This study looked at water-positive housing design strategies, focusing on articles produced over
time, authors and co-authors who have contributed to the advancement of water-positive knowledge, as
well as institutions, various dominant keywords, and a thematic analysis that helped to identify the
knowledge gap and direction for future research.

The study was limited to the SCOPUS database, and a total of 152 articles were collected. Enqvist and
Ziervogel (2019) with water governance and justice, Nganyanyuka et al. (2014) with accessing water
services, and Dobrowksy et al. (2014) with quality assessment and primary use of water were the most
cited authors. The number of citations recorded was 151, 157, and 99, respectively, over the period. These
authors also doubled as the most influential authors in Africa when it comes to water-positive housing
design strategies publications. South Africa and Ghana lead the ranking of African countries with the most
publications. There were several keywords, but the three dominating ones in the study were water supply,
water management, and water quality, which showed the direction of the study so far. From the analysis
of the keywords and cluster themes, three sub-themes were qualitatively analyzed. These were Water
Management and Sustainability in Housing design, Water Quality and Health Risks in Housing, and Water
Supply and Urban Housing Design. Through the analysis, five research topics and four knowledge gaps
were identified for further study.

An integrated study of policies and governance related to water-positive housing design strategies is
crucial to strengthening and implementing current policies and governance systems. This approach will
help address water scarcity challenges and promote community involvement in decision-making
(Belmeziti et al., 2025). The literature emphasizes various technical, technological, and architectural
design strategies that support water conservation and efficiency (Moghayedi, 2024; Worku, 2017; Zaregba
et al., 2022). Conducting empirical research in this area can identify practical solutions and frameworks
to aid their implementation. Given the variety of housing types, an empirical study comparing design
features like water supply systems, quality, usage, management, and sanitation can guide policy and
decision-making. Additionally, future research should explore the socio-economic and behavioral factors
influencing water use.

This study examined published journal articles exclusively from the SCOPUS database, limited to
English-language publications. Other sources, such as different databases, languages, conference papers,
and books, were excluded, despite potentially containing relevant and significant articles. Nonetheless,
the SCOPUS database offers a high-quality resource within underexplored research areas. The study also
makes a notable contribution to knowledge by providing a comprehensive overview of water-positive
housing design strategies in Africa. Its findings are valuable to academics, non-academics, designers,
practitioners, and policymakers, offering insights into prior research, highlighting future research
directions, and identifying existing knowledge gaps in water-positive housing design strategies across
Africa.
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