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Alternative Water Management in Pretoria,
South Africa: An Investigation into Public
Perceptions of Water Recycling

ALISON STOAKLEY

Abstract: Growing water resource challenges posed by urbanization, population
growth and climate change necessitate alternative solutions beyond the traditional
‘once-through’ centralized water management system. These pressures, combined
with the need to address aging infrastructure, have catalyzed interest in water
recycling and reuse, around the world. The city of Pretoria, South Africa offers a
rare chance to directly investigate these perceptions and associated
implementation opportunities due to the existing water situation and current
government responses. While South Africa is facing severe water scarcity and
equity issues, the country is equipped with well-articulated, globally recognized
water policy frameworks, as well as stated government desire to pursue prospects
for water recycling. This study utilized an online survey to collect responses from
South African university students regarding the acceptability of recycled water for
various tasks and under different variables. The results showed a high degree of
acceptability, especially for watering gardens and toilet flushing, which increased
with the assurance that the system would benefit the environment, or the
individual would personally experience a water shortage without it. It is suggested
that university campuses provide a valuable opportunity to demonstrate the
implementation of water recycling and reuse among a supportive audience. Each
future project offers immense benefit through building familiarity and
engagement with water reuse which could be extended and locally tailored to
communities throughout South Africa.

Keywords: Water reuse, water recycling, South Africa, public engagement

1. Introduction

Water is at the forefront of the international conversation around sustainability due to the
increasing pressures of urbanization, population growth, and climate change challenging
communities all around the world. Countries around the world, including South Africa, have
recognized the opportunity to address these urgent water challenges through the investigation
and implementation of various forms of water reuse.

As will be shown in a review of the literature, water reuse and specifically water recycling,
offers the opportunity to supplement existing stressed water supplies and capitalize on the
benefits of decentralized systems, thereby generating diverse ecological and financial
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benefits. However, past water reuse projects from around the world have demonstrated that
the level of community acceptance of recycled water and perceptions around elements such
as cost, risk, and necessity are vital indicators of a planned project’s eventual success or
failure. This documented implementation experience, supported by the literature on
community engagement, illustrates the benefits of proactively investigating the attributes of
communities involved in water reuse projects and the necessity of providing opportunities for
public participation in the development process.

This research is an investigation into the common perceptions of water recycling and reuse
among university students in South Africa. South Africa provides a rare window to look
directly into the opportunities and barriers of implementation of water recycling projects, for
while the country is facing severe water scarcity and equity issues (DWAF 2012b), it is also
equipped with a well-articulated, and globally recognized, water policy framework (van
Koppen et al. 2011). It also has a long-stated desire (government) to pursue prospects for
water recycling (DWAF 2012b, Philip van der Walt, P. E., 2013, pers. comm., 5 April). The
following review of the literature will clarify the role of water recycling in a sustainable
world and the importance of public engagement in the planning process, leading into a more
specific elaboration on water management and possibilities for water recycling in Pretoria.
The results of the student survey will then be discussed in the context of similar studies
completed in other locations and the impact of this knowledge on policymaking and project
planning. The outcomes of the research are available to inform the future implementation of
water infrastructure with regards to important considerations and opportunities for planning
new water recycling projects.

2. Role of water reuse in a sustainable world
2.1 Clarifying terms

Prior to elaborating on the literature surrounding water recycling and reuse, it is necessary to
clarify what processes are implied by these terms. For the purposes of this review, water
reuse is defined as the ‘utilization of treated or untreated wastewater for a purpose other than
the one that generated it’ (Jiménez and Asano 2008) and refers to various sources such as
treated wastewater, greywater (eg. from showers, sinks, laundry, etc.), storm water, and
rainwater harvesting (Po et al. 2004). The survey used in this research mainly employed the
term ‘recycled water’, which Po (et al. 2004) notes usually indicates the treatment and
beneficial reuse of wastewater from municipal, industrial or agricultural sources. Although
the survey used in the research did not distinguish between scales of implementation, water
reuse systems can operate on individual, district, wide urban and/or agricultural, or industrial
levels (Ilemobade et al. 2009) and involve various degrees of technological sophistication.

2.2 Potential for water recycling and reuse to augment supply

Interest in water recycling and reuse is growing around the world in a diverse array of
countries and along a spectrum of scales and uses. In a review of urban water recycling for
non-potable uses, Lazarova (et al. 2003) notes that the emphasis on water reuse is prevalent
in both water-scarce, and more water-affluent but highly populated countries due to the
shared challenge of meeting a growing demand with finite available water. Water reuse can
begin to address this supply challenge by augmenting an existing water supply with treated
wastewater, greywater, storm water or rainwater. As illustrated in Figure I, water reuse
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schemes allow for a ‘closed loop’ system where the water wastes of a traditional system are
instead viewed as resources and recycled through the catchment (Stenekes et al. 2004 cited in
Chanan et al. 2009). Finding beneficial uses for previously unutilized resources such as storm
water runoff or recycled water, known as ‘source substitution’, can reduce the need for inflow
or imported water (Chanan et al. 2013, White and Turner 2003). Additional benefits can
result from capturing the underutilized supply of valuable nutrients such as nitrate and
phosphorus that are prevalent in wastewater (Angelakis er al. 2003). With some level of
treatment, effluent can be a beneficial source of water for irrigation and also reduce the
demand for fertilizers.

Rainfall
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Storm water mgorted "\ water runoff
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Figure 1: The traditional view of water management (left)
in contrast with a sustainable system (right)
Source: Stenekes (et al. 2004) citied in Chanan (et al. 2009)

In addition to increasing the overall supply of water, water reuse also introduces the idea of
fit-for-purpose application, in which water scheduled for reuse is matched to a purpose and
then only treated to the quality necessary for this task, if it has to be treated at all (Chanan et
al. 2009). Using fit-for-purpose water for specific tasks reduces the demand on potable water
supplies by, for example, ensuring that water treated to drinking standards is not used for
washing cars. Based on the quality, recycled water can be harnessed for various potable and
non-potable uses such as agricultural or landscape irrigation, toilet flushing, or domestic
requirements. Linking the quality of a wastewater source to an appropriate subsequent use is
known as the water quality cascade and allows all available water to be put to its most
beneficial use even as the quality decreases each time it is reused (Chanan et al. 2003, Fane
2005, White and Turner 2003). Examples of matching a wastewater source with an
appropriate end use are shown in Figure 2. Based on the typical water needs of commercial
office building, implementing the principles of the water quality cascade can reduce the
potable water demands by 50 per cent (Chanan et al. 2003), freeing up high quality water for
more appropriate uses and reducing the energy costs associated with treatment.
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Figure 2: The water quality cascade matches the wastewater
source with an appropriate end use
Source: Chanan (et al. 2003, p. 2)

Lastly, it is important to note that in addition to supplementing human needs for water,
reusing wastewater can also produce positive results for the environment by reducing
pollution from the inappropriate disposal of effluent, recharging groundwater, and repairing
river flows within a catchment (Angelakis et al. 2003, Jiménez and Asano 2008).

2.3 Water recycling and reuse as decentralized systems

Water reuse concepts such as a closed-loop management system, fit-for-purpose application,
and the water quality cascade all involve the local planning and management inherent in
decentralized systems. From the compatibility of water reuse and decentralized systems
emerges two more attributes of water reuse of note to this research: the availability of water
‘near the point of use’ and a visible system that can create a sense of community ownership
and responsibility for water use.

A significant benefit of water reuse and recycling systems is the capacity to produce fit-for-
purpose water in proximity to the task (Hermanowicz and Asano 1999, Lazarova et al. 2006).
By minimizing the distant water must be transported, decentralized systems reduce the need
for large, complex pipe infrastructure and avoid massive maintenance costs and
environmental impacts (Fane and Mitchell 2006). While centralized water infrastructure
consisting of large, complex pipe networks creates significant costs when these systems
either reach the end-of-life or require extension (Fane and Mitchell 2006), localized water
reuse systems avoid the extensive resource use associated with conveyance and can be easy
to upgrade (Chanan et al. 2009).

Additionally, by producing water near the location of beneficial use, decentralized
infrastructure can create a visible system with which the community can interact and build a
relationship. As Mitchell and Campbell (2004) argue,

‘the current well-intentioned form of “mediation” of people’s interaction with
resources via largely invisible infrastructure dis-empowers us, reducing both our
understanding of the relationship between our actions and resource
consumption; and our ability to reduce resource use should we choose to’
(Mitchell and Campbell 2004, p. 5).
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Water reuse and recycling practiced on a local level can increase the visibility of water in
daily activities and create a sense of ownership that manifests as responsibility over resource
use. As Chanan (ef al. 2013) also notes, decentralized water systems can raise community
awareness through increased opportunities at direct or indirect management of the resource.

A discussion of the transport, treatment and responsible use of water merits, note of the
inherent interconnection between energy and water known as the energy-water nexus. The
energy-water nexus recognizes the cause-effect relationship between water and energy,
meaning that water is used to produce energy and energy is used to transport and treat water
(Kenway et al. 2011). Minimizing the transport and treatment costs of water through the
decentralized use of fit-for-purpose water can result in significant energy savings. More
specifically, replacing potable water with appropriate, fit-for-purpose non-potable water can
avoid massive energy costs associated with treatment and distribution. Likewise, the planning
of recycled water schemes must consider the energy required to treat wastewater to the
quality necessary for the specified end use. Knowledge of this balance increases the visibility
of the connection between energy and water, and can increase efficiencies in both resources
(Lofman et al. 2002).

2.4 Water reuse and public acceptance over time

Early successful examples of water reuse projects did not involve any significant attempt at
public engagement or consultation (Marks 2006, Po et al. 2004). However, subsequent
controversial projects have both instigated research into the acceptability of various aspects
of water reuse and highlighted the importance of including the community in decision-
making processes (Marks 2006, Po ef al. 2004).

In one of the earliest studies on public perceptions of recycled water usage, Bruvold and
Ward (1972) identified ‘psychological repugnance’ as the main reason for a stated opposition
to purified water sourced from community or municipal wastewater. While the concept of
disgust, labelled the ‘yuck’ factor in most literature, is still present in surveys completed
today, Po (et al. 2004) have distinguished numerous additional factors that appear to
influence the acceptability and overall successful usage of recycled water within a
community:

*  Disgust or “Yuck’ factor;

*  Perceptions of risk associated with using recycled water;
* The specific uses of recycled water;

* The sources of water to be recycled;

*  The issue of choice;

*  Trust and knowledge;

*  Attitudes toward the environment;

*  Environmental justice issues;

* The cost of recycled water; and

*  Socio-demographic factors

More recent studies demonstrate that while the issue of disgust is occasionally still present,
communities often have other concerns such as the risks of recycled water (Hurlimann 2007),
trust in the quality of treated water (Brown and Davies 2007, Wilson and Pfaff 2008), or no
issues with recycled water apart from the cost of installation (Troy 2008).
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Despite a shift in concerns, a consistent finding across studies from different decades and
countries is that the acceptability of recycled water use decreases in direct relationship to the
extent of personal contact with the water (Brown and Davies 2007, Bruvold and Ward 1972,
Ilemobade et al. 2009, Po et al. 2004). For example, a survey of residents in the Ku-ring-gai
local government area in Sydney, Australia found that 95 per cent approved of using treated
recycled greywater for watering gardens, however only 31 per cent would use the water for
washing clothes and 13 per cent would use it for showering (Brown and Davies 2007).

Consultation processes that investigate the needs and perceptions of the future users are a
necessity when proposing alternative methods of water management. Analysis of water reuse
projects in the United States and Australia demonstrates that each of the unsuccessful
proposals suffered from inadequate community engagement and a lack of inclusive decision-
making in early project planning (Marks 2006). For example, all eight projects investigated
by Marks (2006) in which potable use was proposed and subsequently rejected, no alternative
sources or end uses for reclaimed water were put to stakeholders for discussion. Instead of
embracing opportunities for public involvement, the focus was placed on selling the planned
project (Marks 2006). Consequently, the research summarized in this paper emphasizes the
value of an approach that begins with an initial survey of perceptions to water reuse followed
by future deliberative consultation with the community based on the opportunities and
concerns revealed in the survey.

3. The South African Context

South Africa provides a unique context in which to investigate the public perceptions that
create opportunities or barriers to the implementation of water reuse and recycling projects.
The country is facing complex water management challenges stemming from a water-stressed
geography, which will be exacerbated by climate change, and significant socioeconomic
inequalities as a lasting result of the former apartheid government (Kahinda et a/. 2010, van
Koppen et al. 2011). Additionally, as part of the drastic governance reforms that came with
the end of apartheid, South Africa has developed some of the most comprehensive and
admired water policies in the world (Schreiner and Hassan 2011), which includes
requirements for water reuse and public engagement (DWAF 2012). Lastly, however, though
this legislation provides a solid foundation, it can be argued that on-the-ground
implementation has been slow to catch up (Eales 2011). The combination of significant water
management challenges, a basis in policy, and apparent impediments to implementation
create an interesting layered framework within which is very appropriate to consider the role
of water recycling and reuse.

3.1 The Water Situation

South Africa experiences low, variable rainfall and high rates of evaporation creating water-
stressed conditions throughout the country (DWAF 2013, van Rooyen et al. 2011). While
physical and hydrological characteristics dictate different water availabilities in different
parts of the country (wetter in the east, drier in the west), water balance calculations
completed by the Department of Water and Forestry (DWAF) for the first edition of the
National Water Resource Strategy showed more than half of the catchments were in a deficit
(DWAF 2004), implying the majority of catchments were already facing water scarcity. The
city of Pretoria, the focus of the survey shown in Figure 3, was originally built around
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abundant dolomitic fountains (Haarhoff et al. 2012) but is also now transferring water from
the distant Lesotho Highlands Water Project to meet demand (DWAF 2004). The city of
Pretoria, also referred to as Tshwane, is shown relative to the rest of South Africa in Figure 3.
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Figure 3: Pretoria, South Africa.
Source: CIA World Factbook.
Available from: https://www.cia.gov/library/publications/the-world-
factbook/graphics/ref maps/political/pdf/africa.pdf

Though the magnitude of the impact from a changing climate on water resources is uncertain
models agree that South Africa will experience an increase in average temperature as well as
the distribution of rainfall (wetter in the east, much drier in the west) (Mukheibir 2008).

These direct impacts also have the associated effects of increased rates of evapotranspiration

more variable runoff, and reduced recharge of groundwater and surface flows. The northeast
of South Africa, in which Pretoria is located, is predicted to experience increased
evapotranspiration rates, increased stress and more frequent floods as carbon dioxide (CO,)
levels increase (van Jaarsveld and Chown 2001). As Kahinda (et al. 2010, p. 742) note,
climate change is a ‘supplementary hazard’ inflicted on a country whose water requirements

are already quickly outpacing the available supply.

In addition to environmental constraints, the South African water situation is also heavily
influenced by allocation inequities from the time of apartheid. Water resource provision has
been historically focused on the white population to the extent that, at the time of the first
democratic, multi-racial elections in 1994, the new government estimated that approximately
12,000 to 15,000 communities did not have ‘adequate water or sanitation services’ (RSA
1994). Upon the end of apartheid, the government embarked on a massive effort to extend
basic service provision under the policy ‘of access to sufficient water for all in South Africa’
outlined in the Bill of Rights of the new Constitution (van Koppen et al. 2011). Government
reports show these attempts have been relatively successful so far, with water supply
backlogs dropping from 41 per cent to five percent from 1994 to 2012 (DWAF 2103),
however issues with reliability and rural services still exist (Eales 2011). These efforts at
historical redress show that the legacy of apartheid continues to influence water management.
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As du Plessis (et al. 2003) point out, the traditional consumption patterns of higher income
areas as well as the extension of basic services and quality of life improvements for
historically marginalized areas are the two main drivers behind water scarcity concerns.

These points all suggest that the Director for the National Water Resource Strategy, Fred van
Zyl, was justified in his recent warning that ‘if something was not done to improve the
management of water, South Africa could face serious water shortages as early as 2020’
(Water Wheel 2013).

3.2 The case for reuse and recycling

The challenges of water security and equity, as well as additional issues not unique to South
Africa regarding water quality, environmental concerns and financial constraints, create a
massive management and allocation issue addressed through numerous recent governance
reforms.

The potentially beneficial role of water reuse is highlighted specifically in the most recent
draft of the National Water Resource Strategy, 2" Edition (NWRS2) (DWAF 2012b). ‘Water
reuse’ is defined as Technical Strategy #7 and the document goes on to describe actions such
as targeted investments in the reuse of water and implementation of water re-use
infrastructure in water scarce and urban areas (DWAF 2012b). Additionally, DWAF is in the
process of developing guidelines for the planning, implementation, engagement, financing
and other aspects of water reuse projects with the goal of optimizing the use of existing water
resources (DWAF 2013). As the massive governance reforms after apartheid have placed a
strong emphasis on local control and participatory decision-making (see RSA 1994), these
guidelines are expected to contain a strong emphasis on the process of community
engagement.

Importantly, the NWRS2 highlights negative public perceptions of water reuse due to the
current ‘poor operation, maintenance, and performance of municipal wastewater treatment
plants’ as a specific barrier to implementation (DWAF 2012b, p.162). Any effort at water
recycling and reuse will have to take into account potential community distrust in municipal
systems created by this history of poor performance.

4. Methods

A short online survey was generated to gain insight into the current attitudes towards water
recycling amongst South African university students and government officials. While
government officials currently hold the power to implement projects, university students
represent the future generation of educated decision-makers, therefore the perceptions of both
groups are considered valuable insight into the potential for water management in Pretoria.
Additionally, university students are considered representative of the young, educated
population, and, therefore, expected to be relatively receptive to proposals for alternative
water management. It was estimated that the survey would take approximately 10 minutes to
complete and individuals who completed the survey were invited to enter a draw for 800
Rand. Response data was imported into Microsoft Excel and analyzed through the program’s
statistical applications.
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The survey was distributed in conjunction with two similar University of Melbourne research
surveys to students from the University of Pretoria and the University of Cape Town.
Students were targeted through announcements on the student web, student society listserves,
and social media. While it is recognized that sending out three surveys at once may have
reduced the overall response rate for each survey, this approach offered the benefit of each
survey reaching the widest target group possible and offered the opportunity for each survey
to receive equal attention. This survey received 71 responses from university students. The
response rate is considered adequate to develop initial information regarding the common
attitudes of university students in South Africa and infer potential opportunities or barriers for
water reuse projects. However, a survey should be viewed as simply the precursor to a more
thorough engagement process.

Responses to only this survey were independently sought from government employees
through email and distribution from the listed employees on the Tshwane City Council
website. Only two government employees completed the survey and only one responded to
requests for further information. Due to the low response from this target group and the value
provided by adopting a more thorough interview process, a survey of government officials
was discontinued and several subsequent interviews were conducted with Philip van der
Walt, Professional Engineer and Consulting Engineer for the City of Tshwane instead. The
local professional insights of Philip van der Walt, PE are included in the results and
discussion. The reported survey results reflect only the responses from university students.

The survey was broken down into sections, with focus on demographics, opinions on the
water situation in Pretoria, familiarity with water recycling, acceptability of recycled water
for different uses and changes to that acceptability as a result of various factors. Questions
were developed using examples compiled during the literature review. Previous studies on
water recycling in South Africa by Ilemobade (et al. 2009) and Wilson and Pfaff (2008) as
well as the South African Water Quality Guidelines (1996) for domestic water use were
specifically consulted to ensure the appropriate water uses in South Africa were considered in
the survey. The specific technical definitions of water reuse and water recycling were
intentionally not included in the beginning of the survey in order to capture preconceived
notions among university students. However, it is noted that it would be valuable in future
studies to see if the results of the survey are affected when more context or background is
provided.

Brief surveys comprised of simple questions to provide useful information regarding
community perceptions of water recycling (Lachmilane and Babcock 2013), however, it is
important to add that this research is not a substitute for thorough community engagement.
While the survey provides a valuable exploratory snapshot into the current social
opportunities and barriers to water recycling, it is noted that in future project development
this consultation process must be iterative and involve multiple opportunities for the
community to discuss, question and form opinions regarding the proposed system (Russell
and Lux 2009).

5. Results

Given South Africa’s water scarce geography and need to continue the extension of services,
it is not surprising that survey respondents showed concern regarding the future water supply
for Pretoria. As shown in Figure 4, 79 per cent of university students showed concern about
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the potential for water scarcity in Pretoria. Perhaps even more importantly, 68 per cent of
these students urged the prioritization of actions to address water security.

Are you concerned about the availability of water in
Pretoria in the future?
100% -
90% -
ggz;z 68%
60% -
50% -
40% -
30% -
20% - 0, 14% 11%
10% - °
“ am W W |
No Neutral Yes, no immediate Yes, immediate
action required action required

Figure 4: Importance of actions to ensure future water security in Pretoria

Similar to other surveys in the literature (Brown and Davies 2007, Bruvold and Ward 1972,
Hurlimann 2007, Ilemobade et al. 2009, Po et al. 2004), this survey found that the
acceptability of different uses for recycled water is strongly related to the proximity of human
contact. The use of recycled water for tasks such as toilet flushing or watering gardens was
acceptable to approximately 97 per cent of respondents; however, as shown in Figure 5, this
acceptability drops significantly as the use became more personal.

In your university or office building, would you accept recycled
water for...

A Drinking 54

Food Preparation 48

least accepted

Hand Washing 22
Hot Water Systems 17
Doing Laundry 14 H Yes
Cleaning the Facilities 9
Public Fountains 7

Watering gardens 2

most accepted

v Toilet Flushing 2

T T T T T

0% 20% 40% 60% 80% 100%

Figure 5: Acceptability of recycled water for various tasks
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Additional survey questions focused on the effect of different installation or operating
conditions on an individual’s acceptance of a recycled water system. Specific significant
trends, shown in Figure 6, related to knowledge of environmental benefits, personal water
scarcity, and system installation charges.

Would you accept the installation of a recycled water
system if...
100% -
80% - _
® it would benefit the
60% - environment?
40% -
| you may personally
20% experience a water
0% - : shortage without it?
20 > & > s ® it would provide more
%\;&' ‘&‘Q e,\'& \Q\\ water for you and your
\)e% 20 V\o‘ KF neighbours?
o &
<3
Would you accept the installation of a recycled water
system if you would be charged an initial installation
fee?
100% -
80% -
60% -
40% - 31%
24% 24%
0% \
Much Less ~ No Change Much More Deﬁmtely
Likely Likely

Figure 6: Changes in willingness to accept recycled water systems given certain knowledge

Similar studies regarding attitudes toward water reuse in South Africa support the strong
environmental values found in this survey amongst both consumers (Ilemobade et al. 2009,
Wilson and Pfaff 2008) and decision-makers (Ilemobade et al. 2009). As Wilson and Pfaff
(2008) note, users tend to approve of the use of recycled water given the knowledge that the

11
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system will benefit the environment. This provides an opportunity to emphasize sustainability
during community engagement and project planning. Additionally, the Ilemobade (et al.
2009, p. 222) survey of domestic water users in Emahlaleni, South Africa found that 94 per
cent of respondents would ‘consider water reuse ... if a period of water shortage were to be
experienced’, supporting the finding that personal water scarcity increases acceptance of
water recycling and reuse. A later interview with Philip van der Walt, P.E., Consulting
Engineer, elicited a similar opinion: ‘the best incentive for accepting recycled water is a
decent drought’ (Philip van der Walt, P.E., 2013, pers. comm., 15 May). Interestingly, the
threat of water scarcity was found to be a more powerful motivator for the implementation of
recycled water than simply the knowledge that the system would augment the current water
supply. As shown in the top of Figure 6, 80 per cent of students surveyed responded ‘much
more likely’ or ‘definitely’ to accepting the use of recycled water given the knowledge that
the system would provide additional water for the community. In contrast, this acceptance
jumped to 96 per cent with only four per cent responding ‘no change’ given the threat of
personal water scarcity in the future.

The only variable considered in the survey that was detrimental to the perception of recycled
water was the prospect of an installation fee for the system. As shown in Figure 6, if a cost
were applied to the system, 33 percent of respondents would either be much less likely or
would definitely not accept the use of recycled water. However, even with an installation fee,
35 per cent of those surveyed would be either very likely or completely willing to accept a
recycled water system. In contrast, [lemobade (et al. 2009) found a much more dramatic
decrease in willingness to use recycled water when an additional cost is involved. The
acceptability of recycled water among users dropped from 71 per cent to 15 per cent given
the knowledge that recycled water would be more expensive than the current supply
(Ilemobade et al. 2009).

As shown in Figure 7, the majority of respondents expressed concern regarding the expense
and health risks of recycled water. Given that the literature does not show uniform reasons for
opposing water reuse across different populations, the issues revealed in this survey may be
unique to South African university students. For example, while Friedler (et a/. 2006) found
that a majority of users were anxious about the perceived health risks of recycled water, only
four per cent of respondents in Troy (2008) highlighted health effects as a reason for
discouraging water recycling. The issue of trust causes similarly varied responses. Trust in
the service provider’s capacity to deliver water of an appropriate quality had no effect on
support for recycled water in Friedler (et al. 2006), but was found to be considered a
significant obstacle by Illemobade (et al. 2009) as well and Wilson and Pfaff (2008). The
extent of concern regarding cost, health risks and trust shown in Figure 7 means that any
implementation project will have to address each issue, however the most prominent
concerns may vary based on the context of the project. Though 44 per cent of university
students cited trust in the treatment process as a reason for opposing the use of recycled
water, a later interview with Philip van der Walt P.E., Consulting Engineer, highlighted the
point that, unlike many countries in the world, ‘in South Africa everybody drinks water from
a tap’ thereby ‘expressing confidence in the treatment processes’ (Philip van der Walt, P.E.,
2013, pers. comm., 15 May).

12
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Would you oppose the installation of a recycled water
system for any of these reasons?

It's too expensive

I'm worried about the health risks

I don't trust that the recycled water will be
treated well enough

|l

It's not necessary F

0% 20%  40%  60%  80%  100%

Figure 7: Reasons for opposing the installation of a recycled water system;
multiple answers allowed

An analysis of the correlation between familiarity with recycled water and reasons for
opposing the installation, shown in Figure 8, reveals similar concerns regarding recycled
water across the spectrum of knowledge. This result suggests that future engagement will
have to address all concerns equally regardless of the audience. It is noted, however, that few
of the respondents claimed to be familiar with recycled water so this finding may change with
a larger sample size. The number of respondents in each category of familiarity is shown in
brackets in Figure 8. Due to the much higher response rates from individuals with a low level
of familiarity with water recycling, the confidence in the concerns of this population is much
higher.

Familiarity with water recycling versus concerns regarding implementation

B Too expensive Health Risks ®Don’t trust it

80%
70%

60%
50%
40%
30%
20%
10%

0%

knowledge expenence knowledge, no no knowledge, little knowledge (33) no knowledge (11)
experience (4) experience (15)

most familiar < > least familiar

Figure 8: Relationship between familiarity and concerns regarding recycled water systems

The results shown in Figure 8 suggest a similar ‘overall unfamiliarity with the topic’ of water
recycling and reuse found in the Wilson and Pfaff (2008, p. 6) study in Durban, South Africa.
The individuals surveyed by Wilson and Pfaff (2008, p. 6) had yet to ‘formulate
comprehensive opinions or developed entrenched positions’, which was subsequently found
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to be a significant characteristic of the population when entering into the process of public
engagement. As shown in the columns of Figure 8, 84 per cent of respondents in this study
claim little or no knowledge regarding recycled water systems.

Despite the low levels of familiarity shown in this survey, further discussions with a
Consulting Engineer for the City of Tshwane, Philip van der Walt, highlighted the fact that
indirect reuse is very common in South Africa and many Pretorians are likely already
consuming water that has already been reused in some form. Planned indirect reuse is the
process of discharging treated water into a river system for extraction downstream (Chanan et
al. 2013, Philip van der Walt, P.E., 2013, pers. comm., 15 May) which is inherently more
distant from human awareness and contact than a direct reuse system. The current practice of
indirectly reusing treated sewage effluent has been in use for decades and is viewed as a
necessary strategy to continue and expand water services in Tshwane (Philip van der Walt,
P.E., 2013, pers. comm., 5 April).

This lack of familiarity and desire for more information surrounding water recycling and
reuse appeared again frequently in the final comment section of the survey. Numerous
respondents expressed opinions such as ‘being informed about recycled water would be really
beneficial for everyone’, ‘more information about recycled water must be published’, and ‘I
wish the concept and installation of recycled water would be greater publicized’. There were
no comments, however, as to how and where this information would be best distributed.
Public support for the dissemination of knowledge regarding water recycling is prevalent in
the findings from other surveys in the literature. For example, though respondents in
Lamichhane and Babcock (2013) were supportive and even willing to pay for urine-diverting
toilets, users still cited ‘not much information’ as the most common reason for discouraging
the installation of such a system. All comments in this survey were supportive of water
recycling and reuse.

6. Discussion

The high willingness among university students to accept recycled water systems for non-
potable tasks reveals an opportunity to substitute water sources with community
endorsement. University students appear to be very supportive of using recycled water for
non-potable purposes which, as discussed previously, would reduce costs and energy use
through only treating water to a level appropriate for the subsequent use. The opportunity for
source substitution is particularly significant with regards to water use for toilet flushing
given that the survey showed 97 per cent of university students would approve of using
recycled water for this purpose. Approximately 63 per cent of the water used in public
environments or offices is for flushing toilets (Shouler et al. 1998 cited in Lazarova et al.
2003), so replacing the current potable water stream with reused water would significantly
reduce the demand for potable water on the university campus.

In addition to the immediate benefit of reducing potable water requirements, source
substitution for acceptable tasks such as toilet flushing or watering gardens provides an
opportunity to build familiarity with the process of water reuse. The eager endorsement of
non-potable water reuse in a community creates a ‘window of opportunity’ to build
knowledge, awareness and trust around water reuse systems (Marks 2006). Marks (2006)
emphasizes that building the degree of understanding around water reuse is valuable for
proceeding from non-potable into potable reuse projects. However, in South Africa the
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experience of each project could also simply be used to spread familiarity with non-potable
water reuse into other communities that may not initially accept of any form of water reuse.
Statements in the NWRS2 demonstrated concern regarding the public acceptance of water
reuse given public awareness of the recent poor performance of municipal systems. Water
reuse projects in supportive communities can provide the opportunity DWAF is looking for,
to ‘show results on a consistent basis’ (NWRS2, p. 162) and build the trust required to
implement water reuse in areas where current public perceptions are a barrier.

A major benefit of implementing non-potable water reuse projects in accepting communities
lies in this idea of each project as a stepping stone into either new communities or different
forms of reuse. However, it is also important to note that experience with water reuse projects
often catalyzes creative thinking and new, innovative processes can emerge (Hermanowicz
and Asano 1999). Implementing water reuse on university campuses can stimulate not only
awareness of the current practices, but learning around more appropriate or efficient solutions
as well. South Africa has already shown through recent legislation such as the National Water
Act that the country is willing to demonstrate leadership and innovation in the water sector. It
is possible that alternative water reuse operations or management systems emerge as the
implementation and management experience in South Africa grows.

Though respondents were, in general, very supportive of water recycling and reuse, uniform
concern existed around the issues of trust, health risks, and cost. Any future water reuse
project will have to clearly address these concerns.

A lack of trust in the level of service delivery appears in surveys of communities throughout
South Africa. Studies on water reuse in South Africa have found similar doubt expressed
among users regarding the capacity of each municipality to deliver water of an appropriate
quality. Wilson and Pfaff (2008, p. 5) specifically refer to the ‘erosion of trust’ that has
occurred among residents in Durban due to recent power outages and inadequately
maintained infrastructure. Concern regarding the sufficient treatment of water suggests the
need for a transparent, credible and easily understood system for water reuse. For example,
Ilemobade (et al. 2009) found that residents in Emahlaleni were significantly more accepting
of a non-potable water system in which the pipes were simply colour-coded and clearly
labelled. Efforts to ensure that a water reuse system and the associated management process
communicate clear, credible information may contribute to building trust in the level of water
treatment.

Existing examples of building trust in the service delivery process are the South African Blue
Drop and Green Drop programmes for drinking water and wastewater quality management.
Currently in their fifth year, the Department of Water Affairs and Forestry (DWAF)
programmes were ‘prompted by the desire to be transparent and ensure that credible
information is communicated’ regarding tap water and wastewater quality management
(DWAF 2012a, foreword). In addition to assessing compliance with water quality standards,
the Blue Drop and Green Drop report cards also evaluate aspects of water and wastewater
service provision in the areas of water safety planning, DWQ process management and
control, management, accountability and local regulation, and asset management (DWAF
2012a). Significant improvements in the management and quality of drinking water and
wastewater have resulted from this incentive—and risk-based regulation (DWAF 2011,
DWAF 2012a) recognized internationally in 2011 with the Environmental Engineering
Excellence Award from the American Academy for Environmental Engineering (DWAF
2012a). The success of the Blue Drop and Green Drop programmes demonstrates that a
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municipality can build trust through auditing and incentivizing service providers and
communicating clear information to users. Notably, the recent NWRS2 mentions the
consideration of a ‘purple drop’ system to recognize ‘safe and successful water reuse projects
and operations’ (DWAF 2012b, p. 153). Adapting proven regulations to water reuse systems
could provide a valuable means of building trust in the level of treatment among both
community members and decision-makers.

Building both familiarity with non-potable reuse and trust in the capacity of service providers
to deliver appropriate quality can reduce the perceptions of health risk associated with
recycled water (Marks 2006). Additionally, a risk management process could assist with
distinguishing between the real and perceived contaminants in wastewater (Toze 2006). The
source of the effluent, the potential for faecal contamination, and the proximity of the task to
humans or animals are necessary considerations for completing a risk assessment and
determining the necessary level of treatment (Toze 2006). Any risk assessment of water reuse
must also consider that the probability and magnitude of risks are inherently different for
centralized and decentralized systems (Fane and Mitchell 2006). While experience with
decentralized water reuse is lower than traditional centralized processes, and therefore the
probability of failure may be higher, the magnitude of risk is significantly smaller (Fane and
Mitchell 2006). Additionally, it is foreseeable that the probability of decentralized system
failure can be reduced through proper monitoring and management, however, the large
magnitude of a centralized system failure is a stubborn characteristic of the system (Fane and
Mitchell 2006). A transparent risk management process that considers the characteristics of
the decentralized system could contribute to addressing perceptions of health risks from
recycled water.

In addition to public perceptions regarding the quality of water and service delivery, it is clear
that financial constraints are a significant consideration when planning water reuse projects.
The city of Pretoria is currently under significant pressure to balance the extension of services
with the maintenance of existing infrastructure and has previously stated that the budget is
simply not large enough to do both (City of Tshwane 2012). The introduction of water
recycling and reuse offers the opportunity to harness potential cost savings associated with
both water reuse and decentralized systems.

The literature review has discussed the potential cost and energy savings associating with
utilizing fit-for-purpose water. On a larger scale, decentralized systems also allow for the
relationships between infrastructures to be reimagined in order to capitalize on synergies. The
majority of respondents in this survey were concerned about the expense associated with
water recycling. As Fane and Mitchell (2006, p. 2) agree, ‘there is a danger that sustainability
will be seen as something of a luxury’ should water infrastructure continue to operate
independently and ignore the opportunity to accumulate savings. However, water recycling
and reuse that is integrated with the surrounding infrastructure can enable implementation of
the water quality cascade, closed-loop systems, and other processes that use the relationships
between activities to save treatment costs, energy, transport, time, etc. For example, Mitchell
and White (2003) describe greenfield development in Melbourne, Australia that has
harnessed ‘water cycle thinking’ to create a 70 per cent reduction in demand from the
centralized water system.

Lastly, a system for water recycling and reuse that operates in a decentralized fashion must
consider financial characteristics that are fundamentality different from traditional,
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centralized projects. As Fane and Mitchell (2006, p. 1) summaries, decentralized systems
offer the opportunity for:

*  Location specific solutions

* Targeting costly operations and augmentations to existing systems

* A variety of business models

*  Qualitatively different technical, health and environmental risk profiles
*  Meeting demand incrementally as it occurs

*  Avoiding the large financial risks inherent in big projects

Planning for the expansion or maintenance of water systems must consider these
characteristics when analyzing infrastructure options. The full value of considering these
characteristics will be achieved through adopting a long-term view for management. For
example, least cost planning is one potential technique for analyzing infrastructure
alternatives that focuses on the service provided by water rather than a specific amount that
must be delivered (Mitchell and Campbell 2004). Least cost planning allows for a balanced
consideration alternatives but requires a vision of a desirable future rather than just short-term
goals.

Conclusion

Through a review of water reuse, an investigation of the South African water context, and a
survey of university students, this research has demonstrated that university campuses offer a
potentially valuable opportunity to demonstrate the implementation of water recycling and
reuse among a supportive audience. Water resource challenges are continuing to grow around
the world due to pressures posed by increasing urbanization, population growth and climate
change. However, the urgent need to address water management should be viewed as an
opportunity to rethink the traditional, ‘once-through’ centralized system. South Africa has
already shown global leadership in the water sector through the past decade of legislation and
now has the opportunity to translate these policies into practice. While this research shows
that university campuses are favourable locations to begin public engagement with water
reuse, the most significant value likely lies in the vision of university campuses as stepping
stones into the wider community. Each future project offers immense benefit through
building familiarity and engagement with water reuse which could subsequently be extended
and locally tailored to communities throughout South Africa.

Acknowledgements

I would like to acknowledge the valuable input of Dr Dominique Hes and Elena Bondareva,
both of whom supervised this research project. I would also like to thank Philip van der Walt,
Pr. Eng., and Dr Pierre Mukheibir for their insightful comments on the results of this
research.

17



A. Stoakley

References

Angelakis, A. N., Bontoux, L. L., and Lazarova, V. V. (2003), ‘Challenges and Prospectives
for Water Recycling and Reuse in EU Countries’, Water Science & Technology: Water
Supply, vol. 3, no. 4, pp. 59-68.

Backeberg, G. R. (2005), ‘Water institutional reforms in South Africa’, Water Policy, vol. 7,
no. 1, pp. 107-23.

Brown, R. R. and Davies, P. (2007), ‘Understanding Community Receptivity to Water Re-
Use: Ku-Ring-Gai Council Case Study’, Water Science and Technology, vol. 55, no. 4, pp.
283-90.

Bruvold, W. and Ward, P. (1972), ‘Using Reclaimed Wastewater—Public Opinion’, Journal
of the Water Pollution Control Federation, vol. 44, no. 9, pp. 1690-96.

Chanan, V., White, S., Howe, C. and Jha, M. (2003), ‘Sustainable Water Management in
Commercial Office Buildings’, in Innovations in Water: OzWater Convention and Exhibition,
Perth.

Chanan, A. P., Kandasamy, J., Vigneswaran, S. and Sharma, D. (2009), ‘A Gradualist
Approach to Address Australia’s Urban Water Challenge’, Desalination, vol. 249, no. 3, pp.
1012-16.

Chanan, A. P., Vigneswaran, S., Kandasamy, J. and Simmons, B. (2013), Chapter 1:
Wastewater Management Journey—From Indus Valley Civilisation to the Twenty-First
Century, in S. K. Sharma and R. Sanghi, eds, Wastewater Reuse and Management, Springer
Science.

Jiménez, E. and Asano, T., eds, (2008), Water Reuse: An International Survey of Current
Practice, Issues and Needs, Scientific Technical Report No. 20, IWA Publishing, London.

Du Plessis, C., Irurah, D., and Scholes, R. J. (2003), ‘The Built Environment and Climate
Change in South Africa’, Building Research and Information, vol. 31, no. 3—4, pp. 240-56.

DWAF (1996), South African Water Quality Guidelines: Volume 1: Domestic Water Use, 2nd
edn, Department of Water Affairs and Forestry, Pretoria.

DWAF (2004), The National Water Resource Strategy, 1st edn, Department of Water Affairs
and Forestry, Pretoria.

DWAF (2012a), Blue Drop Report, Department of Water Affairs and Forestry, Pretoria.

DWAF (2012b), Draft National Water Resource Strategy 2: Managing Water for an
Equitable and Sustainable Future, July, Department of Water Affairs and Forestry, Pretoria.

Eales, K. (2011), ‘Chapter 3: Water Services in South Africa 1994-2009’, in B. Schreiner
and R. Hassan, eds, Transforming Water Management in South Africa: Designing and
Implementing a New Policy Framework, Global Issues in Water Policy 2.

Fane, S. (2005), Planning for Sustainable Urban Water: System Approaches and Distributed
Strategies, PhD thesis, Institute for Sustainable Futures, University of Technology, Sydney.

Fane, S. and Mitchell, C. (2006), ‘Appropriate Cost Analysis for Decentralized Water
Systems’, in Enviro 06 Conference and Exhibition, Melbourne.

Friedler, E., Lahav, O., Jizhaki, H., and Lahav, T. (2006), ‘Study of Urban Population
Attitudes Towards Various Wastewater Reuse Options: Israel as a Case Study’, Journal of
Environmental Management, vol. 81, no. 4, pp. 360-70.

18



Alternative Water Management in Pretoria

Haarhoft, J., Juuti, P. and Miki, H. (2012), ‘A Case for Strong Municipal Governance: The
Water Supply of Pretoria 1855-1935°, South African Historical Journal, vol. 64, no. 4, pp.
769-86.

Hermanowicz, S. W. and Asano, T. (1999), ‘Abel Wolman’s “The Metabolism of Cities”
Revisited: A Case for Water Recycling and Reuse’, Water Science Technology, vol. 40, no.
4-5, pp. 29-36.

Hurlimann, A. C. (2007), ‘Is Recycled Water use Risky? An Urban Australian Community’s
Perspective’, Environmentalist, vol. 27, no. 1, pp. 83-94.

Ilemobade, A., Adewumi, J. R. and van Zyl, J. E. (2009), ‘Framework for Assessing the
Viability of Implementing Dual Water Reticulation Systems in South Africa’, Water SA, vol.
35, no. 2, pp. 216-27.

Kahinda, J. M., Taigbenu, A. E., and Boroto, R. J. (2010), ‘Domestic Rainwater Harvesting
as an Adaptation Measure to Climate Change in South Africa’, Physics and Chemistry of the
Earth, vol. 35, no. 13—14, pp. 742-51.

Kenway, S. J., Lant, P. A., Priestley, A. and Daniels, P. (2011), ‘The Connection Between
Water and Energy in Cities: A Review’, Water Science and Technology, vol. 63, no. 9, pp.
1983-90.

Lamichhane, K. and Babcock, R. (2013), ‘Survey of Attitudes and Perceptions of Urine-
Diverting Toilets and Human Waste Recycling in Hawaii’, Science of the Total Environment,
vol. 443, January, pp. 749-56.

Lazarova, V., Hills, S. and Birks, R. (2003), ‘Using Recycled Water for Non-Potable, Urban
Uses: A Review with Particular Reference to Toilet Flushing’, Water Science & Technology:
Water Supply, vol. 3, no. 4, pp. 69—77.

Lazarova, V., Rougé, P., Sturny, V. and Arcangeli, J.P. (2006), ‘Evaluation of Economic
Viability and Benefits of Urban Water Reuse and its Contribution to Sustainable
Development’, Water Practice & Technology, vol. 1, no. 2, pp. 25-39.

Lofman, D., Petersen, M. and Bower, A. (2002), ‘Water, Energy and Environment Nexus:
The California Experience’, International Journal of Water Resources Development, vol. 18,
no. 1, pp. 73-85.

Marks, J. (2006), ‘Taking the Public Seriously: The Case of Potable and Non Potable Reuse’,
Desalination, vol. 187, February, pp. 137-47.

Mitchell, C. and Campbell, S. (2004), ‘Synergy in the City: Making the Sum of the Parts
More than the Whole’, in 2nd IWA Leading Edge Conference on Sustainability in Water
Limited Environments, Sydney.

Mitchell, C. and White, S. (2003), ‘Sustainable Urban Water Service Systems’, in
Innovations in Water: Ozwater Convention & Exhibition, Perth.

Mukheibir, P. (2008), ‘Water Resources Management Strategies for Adaptation to Climate-
Induced Impacts in South Africa’, Water Resources Management, vol. 22, no. 9, pp. 1259—
76.

Po, M., Kaercher, J. and Nancarrow, B. E. (2004), ‘Literature Review of Factors Influencing
Public Perceptions of Water Reuse’, Australian Water Conservation and Reuse Research
Program, CSIRO Land & Water, Perth.

Republic of South Africa (RSA) (1994), Water Supply and Sanitation Policy, Government
Printer, Pretoria.

19



A. Stoakley

Russell, S. and Lux, C. (2009), ‘Getting Over Yuck: Moving from Psychological to Cultural
and Sociotechnical Analyses of Responses to Water Recycling’, Water Policy, vol. 11, no. 1,
pp. 21-35.

Toze, S. (2006), ‘Water Reuse and Health Risks: Real vs. Perceived’, Desalination, vol. 187,
February, pp. 41-51.

Troy, L. (2008), ‘Suburban Responses to Water Conservation: Bridging the Gap Between
Knowledge and Action’, in Onsite and Decentralised Sewerage and Recycling Conference,
Benalla.

United Nations (UN) (2012), Report of the United Nations Conference on Sustainable
Development, Rio de Janeiro, Brazil, 20-22 June 2012, [online],
<http://www.uncsd2012.org/content/documents/8 14UNCSD%20REPORT%20final%20revs.

pdf>.

United Nations Water (UN Water) (2012), World Water Development Report, 4th edn:
Managing Water under Uncertainty and Risk, UNESCO.

Water Research Commission (2013), The Water Wheel Report, January, [online]
<http://www.wrc.org.za/Pages/Preview.aspx?ItemID=10092 & FromURL=%2fPages%2fDispl
ayltem.aspx%3fltemID%3d10092%26FromURL%3d%252fPages%252fDefault.aspx%253fd
t%253d%2526ms%253d%2526d%253dNews%2bfrom%2bthe%2bS A%2bwater%2bsector%
2bJanuary%2b2013%2526start%253d1>.

White, S. and Turner, A. J. (2003), ‘The Role of Effluent Reuse in Sustainable Urban Water
Systems: Untapped Opportunities’, in National Water Recycling in Australia Conference,
Brisbane.

Wilson, Z., and Pfaff, B. (2008), ‘Religious, Philosophical and Environmentalist Perspectives
on Potable Wastewater Reuse in Durban, South Africa’, Desalination, vol. 228, August, pp.
1-9.

van Jaarsveld A. S. and Chown, S. L. (2001), ‘Climate Change and its Impacts in South
Africa’, Trends in Ecology and Evolution, vol. 16, no. 1, pp. 13—-14.

van Koppen, B., Schreiner, S. and Fakir, S. (2011), ‘Chapter 1: The Political, Social and
Economic Context of Changing Water Policy in South Africa Post-1994°, in B. Schreiner and
R. Hassan, eds, Transforming Water Management in South Africa: Designing and
Implementing a New Policy Framework, Global Issues in Water Policy 2, Springer.

van Wyk, J. A., Meissner, R. and Jacobs, H. (2009), Future Challenges of Providing High
Quality Water, EOLSS.

20



