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Abstract

Interest in water reuse is increasing all over the world and particularly in South Africa, because of its potential to supple-
ment scarce freshwater resources in the face of increased demand and aridity. If water reuse is to be implemented, it must be 
done sustainably. This study: (i) describes the perceptions of beneficiaries before and after greywater reuse (GWR) imple-
mentation; (ii) determines the attributes of greywater that were important to beneficiaries when reusing greywater and their 
willingness to pay for these attributes; and (iii) undertakes an economic analysis of the implemented GWR systems. To 
this end, two GWR systems for toilet flushing were installed. The first was installed at a university academic building at the 
University of the Witwatersrand, Johannesburg, and the second at a university residence at the University of Johannesburg. 
Perceptions highlighted included respondents’ preference to reuse greywater for toilet flushing rather than irrigation, and 
the greater preference for GWR for toilet flushing expressed for the university academic relative to the university residential 
building. In sequence, ‘smell’, ‘colour’ and ‘greywater tariff’ emerged as the attributes of greywater that were important to 
respondents. In terms of payback period, net present value and benefit-cost ratio, both systems generated a net loss and were 
economically unfeasible.
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INTRODUCTION

Increased socio-economic development of South African com-
munities has led to an overall increase in water demand for 
various purposes. Globally, water reuse is encouraged because 
of its potential to (i) supplement freshwater resources; (ii) pro-
vide reliable water services in remote or environmentally sensi-
tive locations; (iii) mitigate the rising costs of meeting drinking 
water treatment and wastewater discharge standards; and (iv) 
reduce sewage discharges to water bodies. Water reuse seems 
inevitable in many South African communities especially 
those faced with declining freshwater availability (Ilemobade 
et al., 2012). If water reuse is to be implemented, it must be 
implemented sustainably. Sustainable development requires 
life-cycle consideration and assessment of different aspects (e.g. 
technical, social, economical, environmental, institutional, and 
health) impacting on or being impacted by the development. 

Several water reuse schemes failed because benefactors/
decision-makers underestimated or ignored the importance of 
and/or impact of varied social and economic factors (May-Le, 
2004; Po et al., 2003). To this end, perceptions were recognised 
as a key element of the success of water reuse (May-Le, 2004; 
Po et al., 2003). In many water reuse schemes in the US and 
Australia, perceptions have determined the acceptability of 
water reuse, with water reuse applications requiring little to 
no human contact (e.g. toilet flushing and irrigation) being the 
preferred amongst several reuse applications (Radcliffe, 2003). 

In addition to perceptions, the economics associated with 
water reuse has become vital in the assessment of the viabil-
ity and sustainability of reuse. In favour of greywater reuse 
(GWR), for example, Faruqui and Al-jayyousi (2002) published 
a benefit-cost ratio ranging from 2.8 to 9.4 for a 4-member 
household irrigating with greywater in Jordan. Other reasons 
in favour of GWR included high potable water tariffs, the 
availability of subsidies/grants for GWR, and the lower costs of 
greywater treatment in comparison to potable water treatment. 
On the other hand, Surendran and Wheatley (1998), March 
et al. (2004), and Ghisi and Ferreira (2007) determined long 
payback periods of between 8 to 14 years for GWR for toilet 
flushing in hotels and high-rise buildings. Greywater, which 
excludes toilet wastewater, refers to wastewater from showers, 
baths, hand wash basins, laundry and kitchens. Greywater 
is categorised into light and dark greywater, with light grey-
water of better quality because it excludes kitchen effluent. 
Henceforth, all references to ‘greywater’ imply ‘light greywater’, 
unless otherwise stated.

Technically, GWR infrastructure (i.e., treatment, stor-
age, distribution, operation and maintenance infrastructure) 
is similar to potable water infrastructure and may thus be 
designed and implemented in similar fashion (Ilemobade et 
al., 2009). Institutional arrangements (in respect of the avail-
ability and application of regulations and/or guidelines) for the 
planning, implementation and management of GWR are often 
location-specific, and most often present problems where GWR 
has developed in the absence of regulations, guidelines and 
management capacity. Some of these problems include the dif-
ficulty in achieving uniformity in GWR plumbing and installa-
tion, and the potential risks to health. 

South African research published in the area of greywater 
and wastewater reuse has been few: Ilemobade et al. (2009) and 
Adewumi et al. (2010) provided tools to guide wastewater reuse 
for non-potable domestic and institutional applications from 
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centralised municipal supply; Wilson and Pfaff (2008) investi-
gated perceptions of direct potable reuse of treated wastewater 
in Durban, South Africa; Carden et al. (2007) recommended 
guidelines for the management of GWR within non-serviced, 
low-income settlements; and Rodda et al. (2010) recommended 
guidelines for GWR for small-scale agricultural irrigation. In 
the Ilemobade et al. (2009) study, a significant percentage of the 
South African respondents surveyed recorded their preference 
for the reuse of non-potable waters for toilet flushing in com-
parison to other non-potable applications such as car washing. 
To this end, GWR for toilet flushing was investigated in this 
study.

The specific objectives of this study were:
•	 To describe non-residential (specifically, university aca-

demic) and residential (specifically, university residential) 
beneficiaries’ perceptions of GWR for toilet flushing

•	 To determine the attributes of greywater that were impor-
tant to beneficiaries when reusing greywater and their 
willingness to pay for these attributes

•	 To analyse the economics (specifically benefits, costs, net 
present values and payback periods) of the implemented 
GWR systems

RESEARCH METHODOLOGY

The description of beneficiaries’ perceptions of GWR for 
toilet flushing

Self-administered questionnaires were used to determine 
perceptions of GWR for toilet flushing, the attributes of 
greywater that were important to beneficiaries when reusing 
greywater and their willingness to pay for these attributes. To 
this end, four questionnaires were developed and adminis-
tered prior to and after implementation of GWR (see Table 1). 
Questionnaire 1 solicited respondents’ perceptions of GWR 
for toilet flushing prior to and immediately after the imple-
mentation of the GWR systems. About 3 months after GWR 
implementation, Questionnaire 2, which followed up on some 
items in Questionnaire 1, was administered to respondents. 
Questionnaire 3 followed up on some items in Questionnaires 
1 and 2 about 7 months after implementation. Questionnaire 4, 
administered about 14 months after implementation, followed 
up on some items in Questionnaires 1, 2 and 3 and requested 
beneficiaries’ responses to the attributes of greywater that were 
important to them during reuse. Several sites were initially 
investigated as locations for the proposed GWR systems. Based 
on available funds and approvals received, a GWR system was 
implemented at a university academic building at WITS (i.e. the 

School of Civil and Environmental Engineering, University of 
the Witwatersrand, Johannesburg) and at a residential building 
at UJ (i.e. Unit 51A, Student Town, University of Johannesburg, 
Kingsway Campus). Thus, the respondents used in this study 
were based at WITS and UJ.

Po et al. (2003) identified the following factors which 
influenced perceptions of water reuse and, consequently, the 
acceptance of a water reuse scheme: disgust or ‘yuck’; risks 
associated with reuse; uses of greywater; sources of greywater; 
and the issue of choice. The first section of Questionnaires 1 to 
4 (see Table 2) contained statements, based on the factors above, 
requiring respondents to select the option that was most appli-
cable to them using the 5-point scale provided, i.e. ‘Strongly 
agree’, ‘Agree’, ‘Neutral’, ‘Disagree’, and ‘Strongly disagree’. The 
second section was open-ended and requested respondents to 
either list reasons (personal, cultural, religious or otherwise) 
why they may/may not use greywater for toilet/urinal flushing 
or garden watering, or make any comments.

Open-ended responses in the second section of the ques-
tionnaires were tabulated and grouped according to similari-
ties and differences, while responses to statements in the first 
section were entered into a Microsoft Excel spreadsheet to 
determine response frequencies. The first two and last two 
responses on the scale were often collapsed to simplify the 
results generated.

Meetings with respondents typically began with the 
administration of the relevant questionnaire. This was done to 
garner the perceptions of respondents prior to the awareness/
education sessions. Hence, respondents’ perceptions were not 
tainted by the information subsequently presented. Thereafter, 
awareness and education activities (some of which are listed 
below) were carried out. These activities elicited the coopera-
tion of the respondents in the implementation of the GWR 
systems; clarified project objectives; explained how the GWR 
systems would work (prior to implementation) or worked (after 
implementation); allayed concerns due to issues such as grey-
water colour, unpleasant smells, and potential health risks; and 
received guidance on strategic issues. Critical issues expressed 
during these activities were fed into subsequent questionnaires 
and monitored over time.  Awareness and education activities 
included:
•	 Seminars on GWR were presented by final-year B.Sc. 

students. 
•	 Before and after GWR implementation, awareness sessions 

were held with different stakeholders, e.g. technical staff, 
different undergraduate classes, and residents. 

•	 Size A3, A4 and A5 posters were put up in the buildings 
where the GWR systems were implemented.

TABLE 1
Profile of respondents

Year Questionnaire When administered Respondents Number

2008 Questionnaire 1 Prior to GWR system implementation
WITS  

(students  
and staff)

253
2010 Questionnaire 1 Immediately after GWR system implementation 139
2010 Questionnaire 2 About 3 months after GWR system implementation 120
2010 Questionnaire 3 About 7 months after GWR system implementation 168
2009 Questionnaire 1 Prior to GWR system implementation

UJ (female 
residents)

13
2010 Questionnaire 1 Immediately after GWR system implementation 14
2010 Questionnaire 2 About 3 months after GWR system implementation 13
2010 Questionnaire 3 About 7 months after GWR system implementation 15
2011 Questionnaire 4 About 14 months after GWR system implementation 12
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•	 GWR formed a portion of some water-related undergradu-
ate and postgraduate lectures and assessments. 

•	 Over a period of 4 years from the commencement of the 
GWR project, a South African Water Research Commission 
Reference Group provided advice. 

The GWR for toilet flushing sites and systems

As mentioned earlier, a GWR system was implemented at WITS 
and UJ. On a peak day, the WITS building housed about 300 
staff and students. Although there are 12 toilets in the building, 
due to limited funding, only 2 toilets (1 male and 1 female) were 
retrofitted to flush with greywater. The UJ building comprised 
2 floors and housed 2 toilets, 1 shower, 1 bathtub and 3 hand 
basins on each floor. Two toilets (one on each floor) were retro-
fitted to flush with greywater.

The GWR system, schematically depicted in Fig. 1 (letters 
given for each component below correspond to labels used in 
Fig. 1), was implemented at both sites. Greywater is collected 
from 12 bathroom hand basins (a) at WITS and from 2 show-
ers and 2 baths at UJ (a). The greywater then passes through 
a chlorinator (b) which disinfects the effluent using chlorine 
blocks before it passes through two 2-mm sieves (c) in series 
which are housed within a cylindrical pipe (d). Cistern blocks 
(e), which provide colour and further disinfection to the grey-
water are inserted into one of the 2 mm sieves weekly. The 
sieved greywater is then stored within a 200 ℓ greywater tank 
(f) which houses 2 submersible pumps (each pump is connected 
to a toilet). When pressed, the bell switch (g), which is mounted 
on the wall close to the toilet cistern, activates its pump within 
the greywater tank and conveys the sieved greywater into the 
toilet bowl (h) for flushing. A knob (i), located on the municipal 
supply into the cistern provides a primary back-up when the 
greywater system fails. The knob is simply turned to revert to 
the municipal supply. A tank (j), situated close to the greywater 
tank, stores municipal potable water at WITS (rainwater at UJ) 
and provides an additional back-up water supply to the greywa-
ter tank when greywater drops below a prescribed level. Several 
overflow pipes (k, l, m) convey excess greywater to the sewer.

Determination of the attributes of greywater that were 
important to beneficiaries when reusing greywater and 
willingness to pay for these attributes

The 4th section of Questionnaire 4 was used to collect the 
data required for this section (see Table 3). The attributes of 
greywater investigated were the attributes that respondents 
highlighted during awareness/questionnaire administration 
sessions as important to them. The attributes highlighted were 
colour, smell and greywater tariff, and Table 3 was developed 
based on the various combinations of these 3 attributes i.e.  

TABLE 2
Extract from Questionnaire 1 showing the first section

AIM: This questionnaire aims to determine perceptions to using treated 
greywater for toilet/urinal flushing or garden watering. Your responses 
will be confidential.
To what extent do you agree with each of the following statements? 
Please tick (√) against the option that is most applicable to you using 
the 5-point scale provided.
S/N Statement

St
ro

ng
ly

 a
gr

ee

A
gr

ee

N
eu

tr
al

D
is

ag
re

e

St
ro

ng
ly

 d
is

ag
re

e

1 Using treated greywater for toilet/
urinal flushing or garden watering is 
disgusting

2 I am concerned about people getting 
sick from using treated greywater for 
toilet/urinal flushing

3 I am comfortable using treated grey-
water for toilet/urinal flushing

4 I will only be prepared to use treated 
greywater for toilet/urinal flushing 
or garden watering during a water 
shortage

5 SPECIFIC TO RESIDENTS OF THE 
UJ RESIDENTIAL BUILDING: I am 
comfortable with a dual water distri-
bution system to be installed where I 
currently reside

or
SPECIFIC TO STUDENTS AND 
STAFF OF THE WITS ACADEMIC 
BUILDING: I am comfortable with a 
dual water distribution system to be 
installed at the School
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Figure 1
Schematic of the GWR systems installed at WITS and UJ

a = greywater collection pipes; b = disinfection of greywater using chlorine blocks; c = two 2-mm sieves in series; 
d = cylindrical pipe housing the sieves; e = cistern blocks for colouring and disinfection; f = 200 ℓ greywater tank; 

g = bell switch within the toilet cubicle which activates the pump that conveys greywater to the toilet bowl; 
h = toilet bowl; i = knob to turn on the municipal supply which is the primary back-up to the greywater tank;

 j = tank storing municipal potable water at WITS and rainwater at UJ providing additional back-up to the 
greywater tank; k, l, m = overflow pipes to the sewer.
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2 options for colour (grey or blue) x 2 options for smell (pleasant 
or unpleasant) x 3 options for tariff (50%, 75% or 100% of the 
drinking water tariff) = 12 options. Respondents were asked to 
rate their preference for each combination on a scale of 1 (least 
desirable) to 12 (most desirable). Interestingly, the attributes 
highlighted above were the attributes highlighted by respond-
ents in Hurlimann and McKay’s (2007) study. Questionnaire 
4 was only administered to the UJ respondents because the UJ 
site is a residence where students are required to pay for ser-
vices. At WITS, an academic building, this is not the case.

Conjoint analysis (CA) was used to evaluate respondents’ 
preferences for the different attributes of greywater and to 
estimate willingness to pay for these attributes. SPSS (Statistical 
Package for the Social Sciences) version 16.0.1 was used in the 
analysis. An ordinary least squares (OLS) method was used to 
estimate the coefficients and the statistical significance of the 
greywater attributes. The objective of an OLS CA is to pro-
duce a set of additive regression equations that identify each 
respondent’s preferences amongst different attribute combina-
tions. Hence, the OLS method solves for preferences using a 
set of dummy independent variables which may take a value 
between 0 (unimportant attribute) and 1 (important). The 
model used in this study (after Hurlimann and McKay, 2007) 
considered the 3 attributes of greywater and is expressed as: 

 U = β1 (colour) +β2 (smell) +β3 (greywater tariff ) + ej (1)

where U is the utility (respondent’s preference score) for a 
particular combination of the 3 attributes. Values for each 
attribute are presented in Table 3. β1, β2 and β3 are coeffi-
cients for colour, smell and tariff, while ej is a constant.

Willingness to pay (WTP) was calculated using Eq. (2) 
(Hurlimann and McKay, 2007):

 WTP = βc/βy           (2)

where βc represents the coefficient for colour or smell and 
βy represents the coefficient for greywater tariff.

Economic analysis of the implemented GWR systems

The economic analysis presented below attempted to determine 
all plausible costs and benefits associated with GWR for toilet 
flushing at both sites. 

Economic costs
The economic costs of the GWR system were the cost of: (i) 
system design, purchase and installation and (ii) operation and 
maintenance. The installation costs were dependent on the 
retrofit requirements at each site. Operation and maintenance 
costs included costs of (i) energy required for pumping, (ii) 
maintenance, and (iii) disinfection.

Health risk
The Disability Adjusted Life Year (DALY) index was employed 
to estimate the number of healthy years that may be lost annu-
ally due to diarrhoea caused by GWR for toilet flushing at 
WITS and UJ. The DALY, which was developed by the World 
Health Organisation and the World Bank, estimates the impact 
of life loss caused by death and deformity after disease. One 
DALY corresponds to one lost year of healthy life (WHO, 2007). 
Worldwide, unsafe water and lack of hygiene are key risk fac-
tors causing diarrhoea, which results in the annual death of 4.9 
out of every 1 000 children aged less than 5 years in develop-
ing countries (Kosek et al., 2003). In South Africa, diarrhoea 
accounts for 3.1% of total annual deaths (about 43,000) and is 
the 8th largest cause of death nationally (Pegram et al., 1998). 
Among children under 5, diarrhoea constitutes 84% (13 368) 
of the causes of all deaths attributable to unsafe water, sanita-
tion and hygiene, and 8.8% of the DALY for this age group 
(Bradshaw et al., 2003). For diarrhoea, Lewin et al. (2007) 
published a DALY number of 386 160 for South Africa.

The major health risk from GWR for toilet flushing is 
the ingestion of pathogens from hand to mouth contact after 
toilet use. In this study, therefore, the DALY due to diarrhoea 
caused by GWR for toilet flushing at the different sites was 
calculated using a direct valuation method. The health risk, 
in terms of cost, was determined by multiplying the DALY 
number due to diarrhoea caused by the GWR project and the 
DALY unit cost. 

The DALY number due to diarrhoea was calculated based 
on the most probable pathogenic organism which causes 
diarrhoea. According to Ottoson and Stenstroem (2003), 
pathogenic organisms that cause diarrhoea include faecal 
bacteria, Campylobacter, enteric viruses (especially rotavirus), 
and protozoa (especially Cryptosporidium). Amongst the four, 
Campylobacter produced the highest DALY per person per 
annum due to toilet flushing (Ottoson and Stenstroem, 2003) 
and presented the highest risk of diarrhoea to the GWR ben-
eficiaries (Olanrewaju, 2013). Therefore, the DALY number per 
annum due to diarrhoea caused by the WITS GWR project:

= the Campylobacter DALY per person per annum due to 
toilet flushing × number of WITS students and staff that use 
the GWR system. Since on a peak day, 300 staff and students 
occupy the building, which houses 12 toilets, the ratio 
of toilets to occupants is 1:25. On any one day, therefore, 
approximately 50 occupants will use the 2 GWR toilets. (3)  
= 1.62 x 10-2 × 50
= 0.81

TABLE 3
Extract from Questionnaire 4 showing the fourth section

The table below presents a list of 12 different combinations of 3 
GWR attributes (colour, smell and greywater tariff). Kindly rank each 
combination from 1(least desirable) to 12 (most desirable).
Colour 
(value)

Smell (value) Greywater tariff per 
m3 (as a % of the 

drinking water tariff) 
(value)

Respondent’s 
preference 

(from 1 to 12)

Grey1 (1) Pleasant3 (1) 50 (1)  
Grey (1) Pleasant  (1) 75 (1.5)  
Grey (1) Pleasant  (1) 100 (2)  
Grey (1) Unpleasant (2) 50 (1)  
Grey (1) Unpleasant (2) 75 (1.5)  
Grey (1) Unpleasant (2) 100 (2)  
Blue2 (2) Unpleasant (2) 50 (1)  
Blue (2) Unpleasant (2) 75 (1.5)  
Blue (2) Unpleasant (2) 100 (2)  
Blue (2) Pleasant  (1) 50 (1)  
Blue (2) Pleasant  (1) 75 (1.5)  
Blue (2) Pleasant  (1) 100 (2)  

Note: 
1Grey = original colour of the greywater
2Blue = greywater colour when mixed with cistern blocks
3Pleasant = this smell can either be the smell of the greywater with chlo-
rine and/or cistern block
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The DALY number per annum due to diarrhoea caused by the 
UJ GWR project

= the Campylobacter DALY per person per annum due to 
toilet flushing × number of UJ students using the GWR 
system. Since 16 residents occupy the UJ building which 
houses 4 toilets, the ratio of toilets to occupants is 1:4. On 
any one day therefore, approximately 8 occupants will use 
the 2 GWR toilets          (4)   
= 1.62 x 10-2 × 8
= 0.13

According to Pegram et al. (1998), the total cost of diarrhoea 
treatment in South Africa was estimated to be R3.375 billion/
year in 1995. With a moderate 5% annual inflationary increase, 
the cost of treating diarrhoea as at 2009 was estimated in this 
study to be R6.68 billion. Therefore: 
 
The South African DALY unit cost due to diarrhoea 

= Total cost of diarrhoea treatment  in South Africa 
(Pegram et al., 1998) / South African DALY due to  
diarrhoea (Lewin et al., 2007)        (5)
= R6.68 × 109 / 386 160 DALY
= R17 298.53 per DALY

Therefore, the health risk per annum due to diarrhoea caused by 
GWR for toilet flushing

= DALY number per annum × the DALY unit cost  (6)
= 0.81 × R17 298.53 = R14 011.81 (at WITS)
= 0.13 × R17 298.53 = R2 248.81 (at UJ)

Economic benefit
The economic benefit of GWR for toilet flushing is the savings 
in municipal potable water resulting from reuse. This benefit 
was calculated by multiplying the prevailing water tariff by 
the potable water saved. The Johannesburg Water 2010 tariff 
for potable water was R10.58/kℓ and, historically, this tariff 
has increased between 7 and 14% per annum. Therefore, a 10% 
increase per annum was employed in this study. Potable water 
saved was determined by logging demand within each building 
over similar months before and after GWR implementation and 
subtracting the ‘after’ from the ‘before’ values.  

At WITS, the average potable water saved due to GWR in 2 
of the 12 toilets amounted to 220 ℓ/day. These savings occurred 
during the months of November 2009 (before GWR implemen-
tation) and November 2010 (after). These months fell within 
the off-peak months of the WITS academic calendar and, thus, 
the average potable water saved was multiplied by a factor of 2 
to bring the average potable water saved during normal aca-
demic months to 440 ℓ/day. The potable water saved at UJ due 
to GWR in 2 of the 4 toilets amounted to 139 ℓ/day. This savings 
occurred during the months of August and September 2009 
(before GWR implementation) and August and September 
2010 (after). Due to the winter-term break which fell within the 
months of July and August, a factor of 2 was employed to bring 
the average potable water saved to 278 ℓ/day during normal 
academic months.

Environmental benefit
The environmental benefit is the savings due to the reduction in 
sewage to be treated due to GWR for toilet flushing multiplied 
by the sewage tariff. In essence, the greywater collected resulted 
in the reduction of sewage being conveyed to the sewage treat-
ment works downstream. From Van Zyl et al. (2006), 83% of 
potable water demanded in a middle-income area typically 

becomes sewage. The quantity of sewage not discharged into 
the sewer due to GWR was therefore estimated to be 83% of the 
potable water saved.

Benefit-cost ratios, net present values and payback period 
analysis
Costs and benefits were evaluated using Eqs. (7) and (8). CO 
represents economic cost and CP represents health risk. BO 
represents economic benefit while BE, environmental benefit. 
The annual discount rate employed was 10% over the 20-year 
GWR design life. If a benefit to cost ratio > 1, then the project is 
economically feasible.

 C = CO + CP           (7)
 B = BO + BE            (8)

Net present value (NPV) calculations discount and then aggre-
gate each future cost and benefit to a present value using a 
discount rate. A positive NPV indicates a net benefit. When 
evaluating different schemes, those with higher NPV values are 
more favourable. NPV is computed using Eq. (9):

               (9)

where r is the discount rate, Ct is the net cash flow and T is 
design life of the system.

Payback period, which is the time taken to gain a financial 
return equal to the original investment, is determined using 
Eq. (10):

 Payback period   =  investment required/net annual cash   
      inflow        (10)

RESULTS AND DISCUSSION

The description of beneficiaries’ perceptions of GWR for 
toilet flushing

Disgust or ‘yuck’
As can be seen in Fig. 2, there was significant disagreement 
(especially at the WITS site) to Statement 1 of Table 2 (i.e. 
‘Using treated greywater for toilet/urinal flushing or garden 
watering is disgusting’) prior to and immediately after GWR 
implementation.

Risks associated with GWR
Perceptions of risk are often related to health risks arising from 
GWR. People may perceive GWR to be risky because (i) the use 
of the water source is perceived as ‘unnatural’; (ii) it may be per-
ceived as harmful to people; (iii) their decision to reuse grey-
water may be irreversible; and (iv) the quality and safety of the 
greywater is not within their control. Responses to Statement 
2 in Table 2 (i.e. ‘I am concerned about people getting sick 
from using treated greywater for toilet/urinal flushing’) are 
shown in Fig. 3. From the figure, similar percentages of WITS 
respondents were concerned about people getting sick from 
using treated greywater for toilet/urinal flushing in the 2008 
and 2010 surveys. At UJ, however, the percentage of respond-
ents who were concerned was much higher in 2009 (64%) 
than in 2010 (50%). The noticeable drop in the percentage of 
concerned UJ respondents may be attributed to either or both 
reasons: an increased level of confidence in the project team 
which ensured the GWR system was hygienic and optimally 
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functioning; or some 2009 respondents who may 
have contributed to the percentage of respond-
ents ‘…concerned about people getting sick…’, 
did not return in 2010 and hence were not part 
of the 2010 respondents. Also visible in Fig. 3, is 
the higher percentage of respondents at UJ (the 
university residential building) ‘…concerned 
about people getting sick…’ than at WITS (the 
university academic building).

Uses of greywater
As shown in Fig. 4, large percentages of WITS 
respondents were comfortable using treated 
greywater for toilet flushing before and after 
GWR. At UJ, however, although no respondents 
disagreed with the statement prior to and imme-
diately after implementation, the percentages of 
respondents in disagreement with the statement 
increased subsequently. Some operational issues 
at UJ (e.g. turbid greywater in the toilet bowls 
often forming an unsightly ring above the grey-
water level, and unpleasant smells during flush-
ing resulting from a period of irregular mainte-
nance) were likely to have caused the increase in 
the percentage of respondents in disagreement 
with the statement months after implementation. 
Also visible in Fig. 4, is the higher percentage of 
respondents at WITS (the university academic 
building) ‘…comfortable using treated greywater 
for toilet/urinal flushing’ than at UJ (the univer-
sity residential building).

In comparison to garden watering, most 
WITS and UJ respondents preferred toilet flush-
ing. Some comments to this effect include:
•	 ‘I am a bit reluctant to use it for garden 

watering as this might have a negative 
impact on the plants due to the chemicals 
used during processing. However for toilet 
flushing, I don’t have a problem.’

•	 ‘I am very concerned about using greywater 
for gardening because sometimes people 
drink water that they use to water plants, 
and it will be a little bit unsafe.’

•	 ‘My only concerns are watering vegetable 
gardens…’ 

 
*The statement in the questionnaire reads ‘I am 
comfortable using treated greywater originating 
from the hand basins (WITS) / bath tubs and 
showers (UJ) within the building for toilet/uri-
nal flushing’.

The issue of choice
A high percentage of WITS respondents  
(Fig. 5) were prepared to use treated greywater 
for toilet/urinal flushing or garden watering 
without the compulsion of a water shortage. At 
UJ, a similar high percentage of respondents 
were prepared to use treated greywater for toilet/
urinal flushing or garden watering without the 
compulsion of a water shortage. Three months 
after implementation at UJ, there was a notable 
decrease (from 64% to 39%) in the percentage of 
respondents making this claim. The operational 
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Figure 2
‘Using treated greywater for toilet/urinal flushing or garden watering is disgusting’
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Figure 3
‘I am concerned about people getting sick from using treated greywater 

for toilet/urinal flushing’

Figure 4
 ‘I am comfortable using treated greywater for toilet/urinal flushing’
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issues experienced at UJ shortly after GWR implementation, 
and discussed in the section above, were likely to have caused 
this decrease. Also visible in Fig. 5, is the higher percentage of 
respondents at WITS (the university academic building) who 
disagreed with the statement (i.e. ‘I will only be prepared to use 
treated greywater for toilet/urinal flushing or garden watering 
during a water shortage’) than at UJ (the university residential 
building).

Figure 6 also displays responses to a second issue of choice: 
a high percentage of WITS and UJ respondents were comfort-
able for a GWR system to be installed at the School and resi-
dence respectively before and after implementation. Although 
marginal, the results in Fig. 6 show a larger percentage of posi-
tive respondents at WITS than at UJ.

Highlights of perceptions expressed above were:
•	 Amongst the potential uses for greywater presented to 

respondents (i.e. toilet flushing and irrigation), toilet flush-
ing was preferred. This was due to the perception of possi-
bly less contact with the greywater if used for flushing than 
if used for irrigation, and the potential harm greywater 
posed to irrigated plants. 

•	 There was general preference amongst respondents for 
GWR for toilet flushing at WITS (the university academic 
building) than at UJ (the university residential building).

•	 Prior to implementation of the GWR systems, a 
significant percentage of respondents were com-
fortable using treated greywater for toilet flush-
ing. After implementation, and the problems and/
or discomforts experienced by the respondents 
(e.g. turbid greywater in the toilet bowls often 
forming an unsightly ring above the greywater 
level, and unpleasant smells during flushing 
resulting from a period of irregular mainte-
nance), there were less respondents comfortable 
about using treated greywater for toilet flushing. 
To rectify this, the project team ensured that 
respondents’ concerns were extensively discussed, 
the GWR systems which required high mainte-
nance were subsequently regularly maintained, 
and problems were speedily rectified.

•	 In Questionnaires 2, 3 and 4, smell, colour and 
greywater tariff were highlighted by respondents 
as the attributes of greywater that were important 
to them. 

Attributes of greywater that were important 
to beneficiaries when reusing greywater and 
willingness to pay for these attributes

The attributes of greywater investigated were 
the attributes highlighted by respondents in 
Questionnaires 2, 3 and 4 as important to them 
- colour, smell and greywater tariff. Table 4 pre-
sents results of the regression analysis carried out 
using data collected using Table 3. The coefficients 
indicate the influence of a specific attribute on the 
overall preference. The more positive or negative 
the coefficient is, the more influence (positive or 
negative) that attribute has on overall preference. 
The coefficient of determination, R2 shows a modest 
but acceptable fit (0.66–0.69) between the data  
and the least squares model, as the closer R2 is to 
1.00, the better the fit. The largest coefficient  
(±5.28 for smell) points to the most important 

attribute of greywater as far as beneficiaries were concerned. 
Colour was next in importance (±2.53) and then greywater 
tariff (±1.29). Table 5 shows that respondents were willing to 
pay twice as much for improving the smell than the colour of 
the greywater.

Economic analysis of implemented GWR systems

The following represent the figures and assumptions employed 
in the analysis presented in Tables 6 and 7:
•	 Capital costs comprised the costs of purchasing and retro-

fitting the GWR system.
•	 Recurrent costs comprised the costs of electricity for 

operating the pumps, cistern and chlorine blocks for colour 
and disinfection, respectively, and maintenance. Measured 
electricity consumption at both sites was approx. 2 KWh/
month, which is approx. R3/month. Forty-five cistern 
blocks (at approximately R8 per block per week) and 80 
chlorine blocks (at approximately R10 per block) were 
required per annum. Maintenance was undertaken by 
students and hence not billable.

•	 The estimated GWR system design life was 20 years.
•	 Pumps are to be replaced every 10 years. The 2009 cost of 

pumps was R4 000.00.
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Figure 5
‘I will only be prepared to use treated greywater for toilet/urinal 

flushing or garden watering during a water shortage’

Figure 6
‘I am comfortable with a dual water distribution system to be 

installed where I currently reside (UJ) / at the School (WITS)’
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•	 Potable water tariffs were estimated to increase at 10% per 
annum.

•	 Sewage tariffs were estimated to increase at 8% per annum.
•	 Electricity tariffs were estimated to increase annually by 

30% from 2010 to 2012 and thereafter by 10%.
•	 The cost of cistern blocks was estimated to increase at 5% 

per annum.
•	 The service agreement item was a once-off cost for 12 

months after installation.
•	 Due to the nature of the activities occurring within the dif-

ferent buildings, the WITS GWR system was estimated to 
be functional for 330 days (i.e. 90% of the year) while the UJ 
GWR system was estimated to be functional for 200 days 
(i.e. 55% of the year).

The results of the economic analysis conducted for the WITS 
and UJ systems are presented in Tables 6 and 7. Of note, pay-
back periods at WITS and UJ were not achieved within the 
20-year design life of the GWR systems. Unfortunately, the 
estimated annual costs of treating diarrhoea in the targeted 
populations due to GWR (represented by health risk) signifi-
cantly contributed to the lack of payback within 20 years at 
both sites. In summary, both systems generated a net loss and 
were economically unfeasible.

If the health risk costs were excluded from the WITS 
economic analysis, payback period would be achieved within 
16 years, benefit–cost ratio would be −0.78 and NPV would be 
−R11 512.98. At UJ, payback period would still not be achieved 
within the 20-year design life of the GWR system, benefit–cost 
ratio would be −0.23 and NPV would be −R51 885.15. The 
earlier payback period at WITS (i.e. 16 years) in comparison 
to UJ resulted from the larger volumes of potable water saved 

TABLE 4
Regression analysis of the attributes of 
greywater important to beneficiaries

Variable Coefficient 
for the most 

desirable 
preference

Coefficient 
for the least 

desirable 
preference

Multiple R 0.83 0.83
R2 0.69 0.69
Adjusted  R2 0.66 0.68
Standard error 2.03 2.03
Observation (12 attribute x 12 
respondents) 144 144

Constant, ej 1.89 10.99
Blue colour 2.53 0
Grey colour 0 −2.53
Pleasant smell 5.28 0
Unpleasant smell 0 −5.28
Tariff (50% of drinking water ) 1.29 0
Tariff (75%of drinking water) 0.75 −0.54
Tariff (100% of drinking water) 0 −1.29

TABLE 5
Willingness to pay for greywater attributes

Attribute βc/βy Rand/m3  (βc x 2010/11 tariff for drinking water)

Smell 4.1 R0.43
Colour 2.0 R0.21

TABLE 6
Economic analysis of the WITS GWR system over a 20-year design life*

 

Present 
value

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

Outflow (capital + recurrent) 
costs (R)

−52 401.15

−39 241.00
−1 264.80
−1 339.74
−1 421.94
−1 496.99
−1 576.19
−1 659.78
−1 748.04
−1 841.23
−1 939.66
−9 830.65
−2 153.53
−2 269.69
−2 392.50
−2 522.38
−2 659.78
−2 805.18
−2 959.09
−3 122.07
−3 294.69

Inflow (potable water + sewage 
treatment savings) cost (R)

40 888.17

2 379.83
2 600.94
2 842.81
3 107.41
3 396.90
3 713.63
4 060.21
4 439.45
4 854.48
5 308.70
5 805.84
6 350.00
6 945.66
7 597.74
8 311.63
9 093.24
9 949.04
10 886.14
11 912.32
13 036.13

Health risk (R)

−169 712.22

−14 011.81
−14 712.40
−15 448.02
−16 220.42
−17 031.44
−17 883.01
−18 777.17
−19 716.02
−20 701.82
−21 736.92
−22 823.76
−23 964.95
−25 163.20
−26 421.36
−27 742.43
−29 129.55
−30 586.02
−32 115.33
−33 721.09
−35 407.15

Net cash flow (R ) 

−50 872.98
−13 376.26
−13 944.95
−14 534.95
−15 131.53
−15 745.57
−16 376.74
−17 024.61
−17 688.57
−18 367.87
−26 848.56
−19 768.48
−20 487.22
−21 216.11
−21 953.18
−22 696.09
−23 442.17
−24 188.28
−24 930.83
−25 665.70

Cumulative cash flow (R ) 

−50 872.98
−64 249.24
−78 194.19
−92 729.14
−107 860.67
−123 606.24
−139 982.98
−157 007.59
−174 696.16
−193 064.03
−219 912.59
−239 681.08
−260 168.30
−281 384.41
−303 337.59
−326 033.68
−349 475.85
−373 664.13
−398 594.96
−424 260.66

*Interest rate = 10%; benefit-cost ratio = −0.18; net present value = −R181 225.20; payback period is not achieved within the 20-year 
design life of the GWR system
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TABLE 7
Economic analysis of the UJ GWR system over a 20-year design life**

 

Present 
value

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

Outflow (capital + recurrent) 
costs (R)

−67 542.06
−55 896.00
−1 264.80
−1 339.74
−1 421.94
−1 496.99
−1 576.19
−1 659.78
−1 748.04
−1 841.23
−1 939.66
−9 830.65
−2 153.53
−2 269.69
−2 392.50
−2 522.38
−2 659.78
−2 805.18
−2 959.09
−3 122.07
−3 294.69

Inflow (potable water + sewage 
treatment savings) cost (R)

15 656.90
911.28
995.95
1 088.57
1 189.89
1 300.74
1 422.03
1 554.73
1 699.96
1 858.88
2 032.81
2 223.17
2 431.54
2 659.63
2 909.33
3 182.69
3 481.98
3 809.69
4 168.52
4 561.47
4 991.80

Health risk (R)

−27 237.78
−2 248.81
−2 361.25
−2 479.31
−2 603.28
−2 733.44
−2 870.11
−3 013.62
−3 164.30
−3 322.52
−3 488.64
−3 663.07
−3 846.23
−4 038.54
−4 240.47
−4 452.49
−4 675.11
−4 908.87
−5 154.31
−5 412.03
−5 682.63

Net cash flow (R ) 

−57 233.53
−2 630.10
−2 730.48
−2 835.33
−2 929.69
−3 024.28
−3 118.67
−3 212.38
−3 304.86
−3 395.49
−11 270.55
−3 568.22
−3 648.59
−3 723.64
−3 792.18
−3 852.91
−3 904.37
−3 944.89
−3 972.63
−3 985.52

Cumulative cash flow (R ) 

−57 233.53
−59 863.62
−62 594.11
−65 429.43
−68 359.12
−71 383.40
−74 502.07
−77 714.45
−81 019.31
−84 414.81
−95 685.35
−99 253.57
−102 902.16
−106 625.80
−110 417.98
−114 270.89
−118 175.26
−122 120.14
−126 092.77
−130 078.29

**Interest rate = 10%; benefit-cost ratio = −0.71; net present value = −R79 122.93; payback period is not achieved within the 20-year 
design life of the GWR system.

and thus reduced sewage treatment costs, as well as the lower 
capital cost of the GWR system. To achieve a payback period 
of 8 years while still excluding the health risk costs, 60% of the 
capital costs at WITS would have to be subsidised, while at UJ 
subsidies would have to cater for 98% of the initial capital cost 
and 100% of the projected 2019 cost of the replacement  pumps. 
Other measures that may reduce the payback period include 
higher potable water and sewage treatment tariffs, larger sav-
ings in potable water volumes, or lower capital costs for the 
GWR systems.

CONCLUSION

This paper reports on GWR for toilet flushing at a university 
academic building at the University of the Witwatersrand 
(WITS) and at a university residential building at the 
University of Johannesburg (UJ). The objectives of the study 
were (i) to describe beneficiaries’ perceptions of GWR for toilet 
flushing at the above sites; (ii) to determine the attributes of 
greywater that were important to beneficiaries when reusing 
greywater and their willingness to pay for these attributes; and 
(iii) to analyse the economics (specifically benefits, costs, net 
present values and payback) of the implemented GWR systems.
This study concludes with the following guidance for future 
GWR: 
•	 The lower the possibility of contact with greywater, the 

more acceptable GWR is to potential beneficiaries. Hence, 
the preference expressed by respondents in this study for 
GWR for toilet flushing instead of GWR for irrigation.

•	 Non-residential buildings may likely be preferred to resi-
dential buildings for GWR. This was highlighted in this 
study as a higher percentage of respondents were generally 
in favour of GWR for toilet flushing at the university aca-
demic building than at the university residential building.

•	 Smell, colour and greywater tariff must be satisfactory to 
GWR beneficiaries. In this study, greywater smell was high-
lighted by beneficiaries as their most important greywater 
attribute, followed by colour and, thirdly, greywater tariff.

•	 To ensure the efficient functioning of GWR systems, it is 
important that there is regular engagement with beneficiar-
ies, and maintenance and repair activities.

•	 For GWR to be economically feasible (in terms of payback 
period, net present value and benefit–cost ratio), initial and 
recurrent costs must be significantly lower than was experi-
enced in this study.

•	 A cursory assessment of the above issues could result in 
GWR failure.
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