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Abstract: The paper presents a study on adoption of water conservation measures in buildings in the 
Johannesburg area of South Africa. The study is a follow up to an initial pilot on water use policies, 
availability of water conservation technologies for buildings and the nature of their dispersal. A review 
of relevant conservation measures and the initial pilot formed basis for further investigations into the 
adoption of water conservation in buildings. A case study approach implemented through a building 
science class project was used to collect data on 20 multi-story facilities of various occupancy types. The 
data scope was kept at a manageable level, being envisioned as another pilot. Identified levels of 
adoption suggest an appreciably growing awareness of conservation measures but an absence of 
structured introduction of such measures in buildings. There were indications of non-adoption, despite 
cost implications of current wet services. Identified constraints include lack of awareness, cost and 
possible lack of management support in some areas. 
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1. Introduction 

The Brundtland report classically defined sustainability or sustainable development, emphasising the 
broad areas of thinking as economic, social and environmental (United Nations, 1987). In addressing the 
triple bottom line concept of people-planet-profit issues, sustainability has over the years been applied 
to every area of life. One of the primary areas of application is the built environment, specifically the 
performance of buildings. The emphasis on efficiency of resource use in buildings is due in part to the 
continuous impact on resource availability and environmental health originating from building related 
consumption and waste generation. According to Jason McLennan in Hitchcock (2008), when the 
embodied energy in a building and its resource usage in operation are added together, buildings 
essentially become the single most contributing factor to climate change. A closely linked and equally 
impactful issue is the consumption of water, related to building design and occupancy. In addition to 
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climate change and extreme weather events; population growth and emergence of stronger economies 
increase the demand for natural resources including water. There is the danger of unbearable pressure 
on already weakened aquifer systems due to inability of such natural systems to recharge at a rate 
commensurate to the rate of water withdrawal for use by human beings (Delgado et al., 2011). 
Essentially water efficiency is critical, because water scarcity and uncertainty needs to be reconciled 
with the demands of modern society, environmental issues and affordability of the resource (Baker, 
2014). Similarly water efficiency is important for buildings because of their water consumption capacity. 
In the USA for example, an estimated (12%), 47 billion, out of 400 billion gallons of water consumed in 
the US per day is ascribed to buildings (Coyle, 2014). Similarly in Europe, there have been serious 
concerns about the quality and adequacy of water supply in the past four decades, with policies and 
regulations evolving through the years to address the relevant issues (Prior and Hadi, 2015). In addition 
deductions from Silva-Afonso (2014) emphasise the threat to water availability, emanating from the 
appreciable level of water wastage, especially in buildings. There is therefore a need for the practice of 
water conservation in buildings, regardless of the region and particular location. 

2. Water conservation/efficiency in buildings 

Water conservation in buildings falls under water demand management, which aims to reduce demand 
by improving efficiency of use, essentially focusing users on more sustainable approaches to water 
consumption (Sadr et al., 2015). It entails minimising wastage, protecting the resource, and efficiency 
and effectiveness of use (Department of water affairs and forestry 2004). A more elaborate definition 
includes, reduction in quantity; use of lower quality water; loss-proofing of the system; re-designing 
tasks to demand less water and utilise more of low quality water; and re-programming water usage to 
off-peak time frames (Brooks, 2006). While water conservation is generally a major concern, daily 
consumption of large volumes of water in buildings is not as equally emphasised (Gibberd, 2009). From 
sustainability perspective there is need for water efficiency in all aspects of human life, including 
buildings. There are various environmental implications of water usage in existing buildings which can 
be substantially altered through the application of sustainability measures of efficiency. Such 
implications include reduction of energy use and carbon emissions (Fidar et al., 2010). In dealing with 
resource conservation generally, the sustainability principle of 3R is applied, in terms of green, circular, 
or ecological economy. The 3R – Reduce, Reuse and Recycle principle aims to reduce consumption; 
utilise a resource many times in order to extend its useful life; and revert used resource to usable form, 
wholly or partially (Ying and Li-jun, 2012). With regard to water efficiency in buildings, Silva-Afonso and 
Pimentel-Rodrigues (2014) and Silva-Afonso (2014) offer a further development of the 3R principle. The 
authors describe a five point principle, with specific focus on water efficiency measures in buildings: 
Reduce consumption - Technical measures and non-technical measures (economics, general awareness); 
Reduce loss and waste - Control of losses (volume and heat); Re-use water - Rechanneling used water to 
another area of use; Recycle water - Recycling & re-introduction of water for another use; and Resort to 
alternative sources - Involving other sources (rainwater, groundwater, saltwater etc.). 

There is reasonable need to apply such measures of efficiency in the effort towards sustainable 
water use in buildings. In view of causative factors such as population explosion, urbanisation and rapid 
development, it is arguable that application of such principles in emerging economies such as South 
Africa would be a critical need. 
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2.1. Adoption of water efficiency measures in South Africa 

Aduda and Ozumba (2011) discuss existing literature such as Otieno and Ochieng,(2004); Creemers and 
Pott (2002); AMCEN/UNEP (2002); and Statistics South Africa (2006), which describe the gravity of South 
Africa’s water situation and the need for water conservation in the nation’s buildings. The discussion 
refers to the scarcity of water; reliance on surface water through dams and inter-basin transfers; the 
largely arid nature of the land mass; variable rainfall; population growth; and increase in economic 
activities. The South African government aims at 100% access to water for all, in line with the 
millennium development goals of the United Nations, realities of climate change and improvements in 
financing (South African government, 2013). The stated aim arguably demands equal emphasis on 
efficient use and minimization of wastage. The government has accordingly enacted a number of laws 
and policies towards water conservation: The National Water Act of 1998; Water Services Act, 1997 (Act 
108 of 1997); Water Research Act, 1971 (Act 34 of 1971); National Environmental Management Act 
(Nema), 1998 (Act 107 of 1998); and National Water Policy, which is focused on equity, environmental 
sustainability and efficiency (South African government, 2013). Such efforts especially when integrated 
with a combination of bottom-up and top-down approaches as described by Aduda and Ozumba (2011) 
would advance the adoption and dispersal of water efficiency measures in buildings locally. The view in 
this paper is that improved water management cannot be effectively achieved downstream without 
adequate knowledge of their current response to water supply shortages and costs. Downstream here 
refers to the building-owner-user level of adoption. It is important to ascertain the adoption of water 
conservation measures, possible innovations occurring and the current challenges facing building 
owners and users.  

Rogers and Shoemaker (1971) described adoption in terms of encounter, decision, and the act of 
taking up of an innovation, over a period of time. Diffusion would then refer to adoption within a group, 
over time (Straub, 2009). The process is also common across various social systems (Rogers et al., 2006). 
It could therefore be reasonably expected that the regulatory frameworks and enabling civil 
environment in democratic South Africa, would facilitate the advanced adoption of water efficiency 
measures. Furthermore such advanced stage of adoption would have a higher occurrence in cities, 
where appreciable number of available buildings experience density of occupation, regardless of 
building type. 

However Still et al. (2008) in a South African study highlighted the limited scope of measures to 
conserve water in South Africa, which include, replacing automatic flushing urinals; installation of 
displacement devices in high volume toilet cisterns; and sensor-operated taps and urinals. Adoption of 
such measures notably occurred more in public and institutional buildings. Aduda and Ozumba (2011) 
identified, that available technologies include dual flush toilets, bath basins and showers. More 
advanced technologies such as waterless urinal, sensor-controlled taps, water-efficient dishwashers and 
laundry machines were not available. In addition aesthetics, costs and choice of style were the stronger 
determinants of purchase decisions, as opposed to water conservation. Furthermore there seemed to 
be limited awareness and knowledge of water efficiency measures and available opportunities for their 
application. Moreover the findings suggested minimal diffusion of knowledge about available 
opportunities for water conservation.  

From deductions in Aduda and Ozumba (2011) some degree of adoption of water conservation 
measures seemed to be occurring, especially in the area of technologies. However (Gibberd, 2009) 
argues that it is easier to apply conservation measures at the design stage of new buildings, rather than 
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on existing stock. The assertion referred to the use of grey water and rainwater systems. However it is 
arguable that other water efficiency measures can be adopted in existing building stock with minimal 
challenges. In this regard, existing research has focused mostly on policies, service providers and 
suppliers, and technologies and green building specifications. Essentially the downstream section has 
not been explored thoroughly in terms of the adoption of water efficiency measures. Currently there is 
no known research performed with focus on the operationalization of the 5R principles, at the level of 
existing buildings, within South Africa. Therefore the study presented in this paper was aimed at 
exploring water efficiency in South Africa’s buildings further, with a focus on the 5R principles. The 
research findings help to build a better understanding of the current situation with adoption of water 
efficiency measures in South Africa’s buildings, using the Johannesburg city area. 

3. Method, data analysis and findings 

On the basis of deductions from the preceding discussion, the lens of 5R principle was used to derive a 
better understanding of the adoption of efficiency measures. The study was essentially exploratory in 
nature, and envisioned as a pilot. It was designed and carried out in 2011, to build more background 
information, in order to derive clearer directions for a wider more comprehensive study. The current 
paper is based on a case study approach implemented through a building science project. Case study is 
relevant for deeper investigation into a thing, person, or group over a period of time (Creswell, 2009). 
However the research design developed out of a class project, where members of the class had to be 
trained for the research project and coordinated throughout the data collection period. The modes of 
data collection were field observation, verbal interviews and content analysis. In the research plan, 
weekly site visits were used for a period of about 1 month and a week. After an initial training, class 
members were continuously briefed on a weekly basis, before going out for data collection. Training and 
coordination of data collection was performed mostly by the lead author. For ethical purposes, the first 
visits were to educate respondents, obtain permission to use the facility and obtain a formal document 
as informed consent. Data was then collected and lodged in weekly, immediately after each site visit. 
Site visits started with observations of the exterior, then the interior, followed by verbal interviews. 
Where relevant documents such as water consumption rates and costs were obtained, they served for 
purposes of confirming interview responses. In terms of variables explored, the focus was on (a) 
breaches in the system which results in wastage; (b) points of excessive consumption; (c) water 
conservation measures applied; and (d) proposed improvements and challenges. Other relevant 
highlights or emergent issues were noted. Data collection instruments were made up of a field 
observation schedule with field notes provided, and a verbal interview schedule. Due to the design of 
the current study as a second pilot and the use of field officers for data collection, the scope of data 
collected was kept manageable. The data collectors went out in groups and collected data 
simultaneously. The individual field notes were compared with logged data in order to determine 
admissibility. The scoping, sequence and control of the data collection aspect also minimised issues of 
reliability and validity in the research, and improved the consistency of the data set. As such only 17 
buildings/facilities, out of the initial sample of 20 buildings/facilities, were selected for analysis. 

3.1. Results of data analysis 

Results of data analysis are presented according to the themes investigated in the case study approach. 
Analysis is presented in textual form mostly, from which meanings are drawn in order to address the 
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study aim. The sequence of presentation for the results starts with general description, followed by the 
various themes. Observations of additional highlights or emergent issues are also presented. 

3.1.1. General description of data 

Out of the 17 buildings selected for data analysis, 15 were mixed use facilities, which where the 
residential floors were predominantly student hostels. One of the buildings is an entertainment facility 
while one is an office block. All buildings were more than ten years in age and were all multi-storey, 
ranging from 4 floors to 19 floors. For the mixed use types, mostly the ground floor levels were 
commercial while the rest of the floors were residential. They are all located within the larger 
Braamfontein CBD area of Johannesburg City, South Africa.  

3.1.2. Observations of breaches and points of excessive water consumption 

In terms of breaches in the plumbing system resulting in water wastage, there were observations of 
major breaches in 3 out of the 17 buildings investigated. Such breaches occurred in the piping system, 
wash basins and troughs. With regard to excessive water consumption, one building manager admitted 
to the existence of such challenge at the time of the study. The bathrooms, kitchen and toilets seemed 
to consume the most water, more than garden sprinklers, laundry and washing of external objects such 
as cars. Other specific areas of identified water wastage are continuous flush urinals, old single flush 
toilets, and non-efficient shower heads. Behavioural patterns were also suggested from interviews.  

3.1.3. Observations of water conservation measures applied in the buildings 

Observed water conservation measures were mostly under the reduction of consumption and reduction 
of losses principles. In addition observations were mostly of a technical nature. The following 
technologies were observed: Flush valve toilets, dual flush toilets, interruptible flush toilets, low capacity 
cisterns, manual flush urinals, , low-flow shower heads, fine spray shower faucets, faucet aerators in 
shower faucets, use of storage tanks, use of non-storage water heaters, mini boilers at point of use, 
under-counter geyser, single lever mixer taps, wash basin-toilet shank combo grey water system, use of 
showers without bath tubs, and automatic garden sprinkler with ground moisture sensor.  

On the less technical aspects of the principles applied, behavioural issues around water use were 
addressed mainly through the use of wall-hung signs to educate occupants and advocate for reduction 
of individual water footprint. Another highlight was the effort to encourage the use of water cups when 
brushing one’s tooth. This was applied by educating occupants and providing cup holders in the 
bathrooms, near the wash basins. Some of the identified measures of water efficiency are presented in 
Figures 1, 2, and 3. 
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Figure 1: A - Non-storage water heater, B - basin-shank grey water system (source: Research, 2011).  

 

Figure 2: C - Irrigation system with D - moisture and E - rainwater detector (source: Research, 2011). 

 

Figure 3: F - Posters and G - signage advocating water use efficiency (source: Research, 2011). 

3.1.4. Proposed improvements and challenges to adoption of relevant technologies 

Findings from interviews suggest that building managers were mostly facing increasing water bills. 
Despite such challenges, improvements were not expedient. Out of the 17 facilities studied, only 4 were 
being considered for improvements by their respective building managers. Two building managers out 
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of the stated four buildings did not have any clarity on the details, especially the timing. The other two 
buildings were going to be retrofitted in about two years from the study date. However in one instance 
the combination of applying some water conservation technologies and educating occupants seemed to 
have resulted in subsequent lower water bills. A particular building management hinted of a plan to 
apply differential billing in the future, by metering each units water usage. The measure was proposed 
as a way to separate water cost while encouraging personal water use efficiency. Apart from regulatory 
constraints and possible owner reluctance, the major challenges identified from interviews are cost and 
lack of workable funding mechanisms. Generally there was insufficient clarity on the part of building 
managers, with regards to a systematic or ordered approach towards lowering the bills and managing 
the water usage profile of their buildings. 

4. Discussion 

Firstly the use of mini boilers close to points of use, or under-counter, was to reduce redundancy which 
results in wastage as the user waits for heated water to flow through. Secondly while the use of cold 
water storage tanks did not reduce water use in the buildings which deployed them, the measure 
reduced energy demands significantly for buildings with lower number of floors. When water pressure 
increased, tanks could store water without need for much additional pumping during peak periods. 
Thirdly the efficient use of ground moisture sensor which controlled automatic garden sprinklers 
resulted in appreciable water savings, especially during the rainy season. Fourthly while the sole use of 
efficient showers without bath tubs could save water theoretically, findings suggest that the measure 
was aimed primarily at curbing wasteful user behaviour. Similarly, combining such measures with user 
education and persuasion achieved reduction in water usage and wastage in some cases. Measurable 
reduction in water demand was achieved by providing the meanings of statistical facts on water use and 
educating users on efficiency measures. Board notices, signs and wall posters were used to 
communicate such facts. Findings from a recent UK study by Hendrick (2015), on shower habits, 
concluded that users’ shower habits can be changed by applying such measures of efficiency. The ‘whole 
town approach’ described in Russell (2015) relied heavily on marketing and communications to achieve 
measurable savings through behavioural change in targeted users. Findings from the current study thus 
indicate some awareness of the need for user-centred approaches. Furthermore the non-storage water 
heaters were controlled electronically by thermostat and sensors. They heated water to comfortable 
use temperature as it passed through the system, thereby reducing redundancy at the point of use. 
Another innovation identified in the study is the wash basin-shank combo grey water system which is 
low-tech, but improves water use efficiency through its design. The toilet shank and wash basin were 
merged, thereby creating a grey water system, which achieved the re-use principle. Grey water from 
hand washing after using the toilet drains into the shank, thereby partly filling it up. Therefore the shank 
does not draw as much water from the mains, as its capacity would allow. Though further innovation 
could enhance the system, it reduces water demand in its current state.  

Generally findings suggest that principles of Re-use water; Recycle water; and Resort to alternative 
sources are probably perceived as being more challenging to achieve in the study area. In this regard 
there might be need for more investigation into the basis for certain regulations guiding wet services in 
the locality. One of the building managers interviewed, referred to City Byelaws which prohibited the 
creation of alternative sources of water such as boreholes, and water re-use and re-cycle systems within 
the main city area. The restrictions are due in part to a number of environmental, health and safety 
issues. Smith and Hyde (2015) stated that health risk perceptions could result in low application of the 
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re-use and recycle principle. It possible therefore, that such challenge could emanate from regulators or 
users. Despite the challenges, building owners and managers still made efforts to adopt innovations. In 
coping with the water demand situation, measures seem to have been applied in isolation. It seems that 
needs were addressed when the threat escalated and when an opportunity to take up an innovation 
was encountered.  

Programmed retrofitting was not identified. As such, applications of the 5R efficiency measures 
occurred alongside the continued use of inefficient points of use, and breaches in the system. Following 
from the South African studies reviewed in the paper and findings from the current study, more 
technologies and other less technical efficiency measures have been highlighted. Furthermore the 
application of the economic and behavioural aspect of the Reduce consumption and Reduce loss and 
waste principles seem to have been identified by some stakeholders. Such findings indicate efforts to 
apply different measures together, albeit in a non-systematic way. 

5. Conclusion 

The study presented here focused on the adoption of water conservation measures in South Africa’s 
buildings, using Johannesburg City area as the setting. It was approached through a case study strategy, 
making use of trained field officers through a building science project. Delimitations of scope were 
placed on the study for proper management at this stage. Further limitations were placed as a result of 
some data being discarded due to rules of admissibility of data. As such cases were reduced from (20) to 
(17). However the appreciable number of cases and management of the process ensured meaningful 
achievement the research aim. Exploration of various themes also helped to provide more clarity on the 
situation of water conservation in local buildings.  

In relation to recent studies, the scope of efficiency measures adopted is still appreciably less than 
the range of possibilities presented by the 5R principles. In addition not all buildings had water 
conservation technologies. For example, one of the buildings which had various breaches in its plumbing 
system did not have any water conservation measures applied. Furthermore this building’s management 
was not considering improvement soon, on the basis of challenges with funding. Moreover about (9) of 
the sampled buildings had only three items of conservation technology applied. Such findings support 
existing literature on the scarcity of water efficiency measures in South Africa’s buildings (Still et al., 
2008; Aduda and Ozumba, 2011).  

While the identified level of adoption suggests increasing awareness, there does not seem to be a 
systematic approach to introducing water conservation measures in the buildings investigated. Despite 
cost implications arising from current water profiles of buildings, there were indications of non-adoption 
of efficiency measures. Possible lack of awareness, cost, funder reluctance and lack of proper funding 
mechanisms were suggested, in addition to regulatory constraints. Nevertheless there are important 
lessons from the study regarding the use of low-tech adaptations and application of economic and user 
behaviour measures. However at this stage, the depth of information needs to be deepened. Further 
studies which include facility owners and managers, and regulators, with a focus on structured 
implementation of such measures and technologies in facilities, would be an appropriate next step. 
Policies linking water consumption, adoption of measures, and tariff design and structure for various 
building types could benefit from current deductions, and future research. Furthermore modalities for 
the application of differential billing to individual units in existing buildings should be studied. Moreover 
identified innovations would need more refinement and improvement, in terms of efficiency, ease of 
use, ease of installation, availability, and affordability. 
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