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Per capita water use is commonly employed in single-parameter models to estimate water demand,
especially in regions where model input parameters are limited. Research has confirmed that the serviced
population and household size positively correlate with water consumption, but the per capita consumption
of household members decreases with increased household size. A central issue driving this study was
the lack of an up-to-date per capita household water use guideline in the South African context. This
study followed a process of explicit reasoning and inference, informed by an extensive knowledge review,
stakeholder input and interrogation of relevant data, to develop a novel per capita water use estimation
tool. Five main parameters were included, namely: (i) level of water service provided, (i) usage scenario, (iii)
household size (people per household), (iv) geographic region, and (v) regional property value. A Microsoft
Excel-based tool was developed and is supplied online as supplementary material with this publication. The
litres per capita per day tool (LCD-tool) allows for robust per capita water use estimates, as a function of the
above five input parameters. The Microsoft Excel LCD-tool provides benchmarks for different South African
conditions, described by context-specific service levels. The planning and management of water supply and
distribution systems could benefit from the findings of this study.

INTRODUCTION

Per capita water use, as a baseline estimation unit, is widely utilised for estimating water demand
(DHS, 2019). This is especially true in developing regions, where the availability of additional
independent variables for more complex estimation models may be limited. Despite the popularity
of per capita-based estimates (e.g., DHS, 2019), research related to water use in South Africa has
mainly involved plot size (also called stand size in earlier publications) as an independent variable
(Jacobs et al., 2004; Van Zyl et al., 2008). A few other local studies included the independent variables
of property value and household income (Husselman and Van Zyl, 2005), rainfall, temperature,
evaporation and service levels (Griffioen and Van Zyl, 2014) and also water pressure (Meyer et al.,
2018). A need was identified to consolidate and compare available local information regarding per
capita water use and to provide unique South African benchmarks, for service levels relevant to South
African conditions. The tool presented in this paper could be used for estimating per capita water
consumption in the absence of recorded water use, for example, when planning water infrastructure
of new housing developments in urban settings, or for setting realistic consumption targets in water
demand management plans.

Objectives

The main purpose of this study was to develop a South African benchmark of per capita water use.
The objectives were to: (i) conduct a knowledge review focusing on South Africa, (ii) collect relevant
per capita consumption data from local studies, (iii) develop a structured approach to describe per
capita water use in relation to a set of specific indicators, (iv) develop an estimation tool in MS
Excel format, and (v) illustrate the typical ranges of per capita consumption experienced locally as a
function of the selected input variables.

METHODOLOGY

The study involved applied research techniques. Inference and explicit reasoning were employed as
deliberative operations. As part of this process, data were gathered, processed, organized, structured,
and interpreted, ultimately resulting in an explicit knowledge-based tool for estimating per capita
water use. Published values were collected by means of a comprehensive desktop review, supported
by targeted requests to local experts and stakeholder workshops. Where household water use was
available in combination with the corresponding household size, the per capita use was calculated.

Water loss and leakage are common at residential homes (Lugoma et al., 2012). Wasteful usage at
standpipes is also a common phenomenon. Real water losses were not considered in this study as a
water use category. Real losses could instead be estimated separately and added to the per capita use,
in order to arrive at the total estimated system input volume.
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Stakeholder engagement

Experts from industry, government, institutions and academia
were consulted in a series of project-workshops, in order to expand
the knowledge review and to provide relevant input in terms of
model development. Three workshops were held, in Cape Town
(25 July 2019), Midrand (10 June 2019) and Durban (7 August
2019). Information provided at each workshop was collated in the
study’s database. Relevant expert input was integrated with model
development by successively adding complexity, with a particular
focus on the general model structure and the selection of input
variables. Preliminary results from the study were evaluated
by stakeholders and feedback was incorporated by making
adjustments to the model, in an iterative way.

Scope and limitations

Earlier per capita water use studies were identified, collated, and
classified as being either micro-scale, where consumption is
reported for household use downstream of a consumer meter (e.g.
Meyer et al., 2021; Meyer et al., 2020; Du Plessis and Jacobs, 2018;
Jacobs, 2007) or macro-scale, where consumption is reported for
a city-wide scale, also including non-domestic use categories and
water loss in the system (Du Plessis, 2007). With macro-scale
studies, the total system input volume is typically divided by the total
population served, to provide a crude estimate of per capita water
use. The scope of this study was limited to micro-scale per capita
household water use in South Africa. A summary of published per
capita water use values is presented in Supplementary Material I.

In some instances, limited sample sizes were available for certain
levels of service. Derivation of the water consumption tool was
based on the best data that was available at the time, linked to
explicit reasoning — it was not possible to present a statistically
significant and validated model for any of the service levels, due
to the limited sample size.

Water use
Household water use activities

Several water use activities are essential to health and hygiene. A
lack of clean water often leads to a lack of hygiene, which can lead
to diseases such as diarrhoea or other faecal-oral diseases, typhoid
and skin and eye diseases. The Covid-19 pandemic was also found
to impact urban water use (Kalbusch et al., 2020; Li et al., 2021), due
to spread-prevention measures and changed habits (e.g., increased
hand washing). Esrey et al. (1985) determined that the quantity of
water used in a neighbourhood has a greater effect on the frequency
of diarrhoea events than the quality of the water. However, some
water use activities may not be vital to health and hygiene but may

be considered ‘essential’ for maintaining a relatively higher standard
of living (Blaine et al., 2012).

Levels of water service

Asefa et al. (2015) defined level of service as an informal contract
between a utility and its customers for a certain degree of
inconvenience. The service level, with regard to water utilities,
describes the ease of access to water. WHO (2003) splits the levels
of service into four categories defined by the travel distance (or
time) to the access point of clean water and/or by number of
access points: (i) no access, (ii) basic access, (iii) intermediate
access and (iv) optimal access.

Service levels could also be linked to different categories of use
(e.g., Willis et al., 2011), or even to the hierarchy of basic human
needs (Crouch et al., 2021). Willis et al. (2011) described essential
versus non-essential requirements as: (i) non-discretionary use
essential for sustainable urban living e.g., in the local context this
could be compared to standpipes or yard taps and (ii) discretionary
use, linked to an improved standard of living.

Household size

Household size, measured as people per household (PPH), has been
found to be the most significant factor affecting water consumption
(Rathnayaka et al, 2017). Total household water use increases
with household size. Conversely, the per capita value decreases as
the household size increases, due to shared water-use activities.
Consumption is also affected by the age and occupation of the
members of a household (Browne et al., 2014; Mayer et al., 1999;
Schleich and Hillenbrand, 2009). Age and occupation are excluded
in basic estimation models, due to the relatively small impact it has
on water use and the poor integrity of related input data.

Per capita water use was found to decrease by ~22% (Schleich and
Hillenbrand, 2009) and ~35% (Hoglund, 1999) with a 50% increase
in household size. Numerous international empirical studies
reported on measured water use for households of varying size,
as graphically presented in Fig. 1 (Arbués et al., 2010; Lee et al,
2012; Sadr et al., 2016; Koketso and Emmanuel, 2017; Smith, 2010;
Edwards and Martin, 1995; DeOreo and Mayer (2012); Mayer et
al,, 1999, USEPA Aquacraft, 2005; CSFWUES DeOreo et al., 2011).

Climatological influence

The regional climate affects water use (Van Zyl et al., 2008;
Arbués, et al., 2010), with the key drivers being rainfall and
temperature. The effect of climate on water use is most prominent
in households with large gardens and swimming pools (Jorgensen
et al,, 2009). Regions with higher rainfall have lower water use
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Figure 1. Summary of studies showing the effect of household size (PPH) on per capita water demand
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than arid regions; also, the mere occurrence of rain and not
necessarily the quantity of rain often reduces outdoor water use
(Martinez-Espifieira, 2002). Temperature also impacts use, with
higher temperatures leading to increased use.

Water price, household income and property value

Household income has been correlated with water use (Ferrara,
2008; Van Zyl et al., 2008; Beal and Stewart, 2011). The law of
demand states that price and demand are inversely related, with
all other factors held constant. An increased price would decrease
water demand and at the same time lead to an increased revenue.
However, at a low price there is a limit on the amount of water
anyone would use, even if it were free. On the other hand, there is a
certain minimum quantity of water that anyone would require even
if it were very expensive. Water price is an inconvenient parameter
for inclusion in estimation models. In South Africa, the matter is
complicated by free basic water allocations, non-payment, water
account arrears, short-term price fluctuations brought about by
seasonal water restrictions, and block tariff structures.

Household income has also been linked to water use, with higher-
income families using more water in theory than similar homes
with lower-income occupants (Van Zyl et al., 2008). However,
reliable household income data were not readily available to use
as a model input. Property value has been used as a proxy for
household income before (e.g., Husselmann and Van Zyl 2006),
since property value is relatively easy to obtain compared to
household income.

Development of estimation tool

Various South African and international studies were reviewed in
order to formulate a standardised approach that would satisfy local
conditions. The tool developed as part of this project was described
as the ‘Litre per capita per day tool, or simply the LCD-tool. The
development of the LCD-tool was purposefully aligned with other
local publications, including DHS (2019). The development of the
tool was also informed by expert input received during model
development and at the three stakeholder workshops.

Minimum water use baseline

The departure point of model development was determination
of a fundamental minimum baseline value. The minimum
water requirement to meet basic health-related needs is widely
accepted to be 20~25 L-c'-d? (WHO 2003; Chenoweth, 2007;
DHS, 2019). The minimum water use for the lowest service level
in the LCD-model was set to 20 L-c'-d". The value of 20 L-c'-d"!
was considered appropriate based on input received at the project
workshops, where it was pointed out that the typical container
size used to carry water in many areas was reported to be ~20 L.
The baseline value of 20 L-c'-d! was such that the resultant
water use for standpipes, with all other model inputs set to a
maximum, would be 24.4 L-c'.d’!, after application of the various
multiplication factors in the model (discussed shortly). The latter
aligns with 25 L-c'-d"! as suggested for standpipes in DWS (2019).

Level of service

The six levels of service presented by DHS (2019) were assumed
to appropriately describe the South African context and were
adopted in this study. Each level of service was given a sequential
number by which it could be identified in the Visual Basic (VB)
code:

«  Standpipe (LOSI)

o  Communal ablution blocks, CABs (LOS2)

e Yard connection (LOS3)

o Low-cost housing/subsidised housing (LOS4)
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o Full house connection - indoor only (LOS5)
o Full house connection - including outdoor use (LOS6)

Household size

Typical household size for Western countries generally ranges
between 2 and 3 PPH (House-Peters et al.,, 2010; Rathnayaka
et al,, 2017). Relatively low-income communities in developing
countries, such as South Africa, have household sizes typically
ranging between 5 and 10 PPH (Emenike et al., 2017; Jacobs
and Haarhoff, 2004a; Mazvimavi and Mmopelwa, 2006). An
upper limit of 10 PPH was considered reasonable to cover typical
households in the local context. All water users on a particular
property, who would be using water supplied via the consumer
connection, were considered part of the ‘household” for the
purpose of this study - this would include backyard dwellers with
access to the water supply of the main home.

Integration of household size and levels of service

A set of baseline per capita water consumption values were
determined for the LCD-tool, for the range of household size
and service levels. To determine the per capita consumption for
each service level and each household size, all available measured
South African data were compiled - focusing exclusively on
measured water consumption for individual homes with known
household size and level of service. Per capita consumption values
based on generalised information (e.g. macro-level, census-
data, or population estimates) were excluded. A summary of the
measured data, showing individual plotting positions for each
record, is given in Fig. 2.

The measured data were a compilation of five different
datasets and classified based on the LOS. Three datasets were
considered representative of LOS6, namely, a gated housing
estate in Johannesburg (Ilemobade et al., 2018), 17 University of
Stellenbosch student homes, and upmarket homes in Hermanus,
Western Cape. Two more datasets from 20 low-cost houses in
Kleinmond (Pretorius et al., 2019) and a few relatively low-income
households in Eastwood, Pietermaritzburg (Smith, 2010) were
considered representative of LOS4. All data that reported both
the household size and water use per property, were incorporated
in this study. The different datasets did not represent the same
period, or geographical region, or service level. Details of each
dataset can be found in the respective source document.

Once the data were collated, various single-parameter models
were considered. Two independent models were fitted, described
by Eqs 1 and 2 for LOS6 and LOS4, respectively. The relevant
statistics are presented in Table 1.

LCD, o = 309-(HS) 04 1)
LCD, , = 148:(HS)05% (2)

where LCD = average daily per capita water consumption
(L-c'-dY), HS = household size (PPH).

The baseline water consumption values for LOS5 were calculated
as the average of LOS4 and LOS6, because no data were
available for LOS5 specifically. The per capita consumption
for standpipes (LOS1) was assumed to be constant over the
range of household sizes - this was considered appropriate
due to the fact that water is carried from the standpipe, and
each additional person would typically carry another container
(of fixed size) from the standpipe. No measured data were available
for standpipes (linked to known per capita values) at the time of
this study. Following the same reasoning as before, the values for
LOS3 (yard tap) were calculated as the average of LOS1 and LOS4;
LOS2 was calculated as the average of values for LOS1 and LOS3.
The ultimate result, for all six service levels, is presented in Fig. 3.
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Table 1. Statistics for single-parameter models (LOS4 and LOS6)

Statistic LOS4 LOS6
Sample size (n) 24 39
LCD, average (L-c'-d”) 88.0 245.6
LCD, std. deviation (L-.c'-d") 44.7 229.3
LCD, std. error of mean (L-.c'-d") 9.1 36.7
HS, average (PPH) 39 3.6
HS, std. deviation (PPH) 1.5 2.8
HS, std. error of mean (PPH) 0.3 0.4
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Figure 2. Measured South African per capita consumption data for varying household sizes

350
LOS 6
300
= 250
kel
S LOS 5
=
= 200
S
a
E 150 LOS4
w
<
S 100
g Los 3
=
50 LOS2
LOS 1
0
0 1 2 3 4

Household size

5 6 7 8 9 10

Figure 3. Per capita consumption for 6 levels of service and increasing household size

Climate region

Climate has a more notable effect on households with gardens
and pools (i.e, LOS6). It was considered appropriate to use a
map-based input for climate, instead of adding model parameters
for each relevant weather-related variable (e.g., rainfall, number
of rainy days, temperature and evapotranspiration). For this
purpose, maps of South African climate regions were reviewed
and evaluated. The Képpen-Geiger climate classification (CSIR,
2015), based on temperature and precipitation, was selected as the
most appropriate classification for the purpose of the LCD-model.
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The Koppen-Geiger climate classification can be simplified as
regions based on aridity. CSIR (2015) presented a map of South
Africa with five aridity regions, namely: humid, moist sub-humid,
dry sub-humid, semi-arid and arid. These aridity regions were
used as input to the LCD-tool. The user first selects an appropriate
climate region by inspecting the aridity region map (CSIR, 2015)
in order to identify the region number. The relevant region
number is subsequently entered as input to the LCD-model.

A factor had to be derived for the extent to which the climate
region would affect water use, relative to water use in other aridity
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categories. Factors for high water use (arid regions) and low water
use (humid regions) were first determined in relation to the average
water-use values for LOS6. Jacobs et al. (2004) determined average
annual water use values for increasing plot size, for four different
regions of the country with varying climates, namely: Cape Town,
Ekurhuleni, Windhoek and George. Even though Windhoek is not
located in South Africa, the climatic factors are representative of
some South African water management areas and this location was
therefore considered relevant to the Koppen-Geiger classification
used in this study for South Africa. Water use in Cape Town was
considered to be representative of an arid region - with dry and
hot summers. Windhoek and Ekurhuleni were representative of
dry sub-humid regions and George was representative of relatively
wet/humid regions. Subsequently, a multiplication factor of 1
was set for dry sub-humid climates, for all levels of service, with
an increasing multiplication factor for increasing aridity and a
decreasing multiplication factor for decreasing aridity.

In an attempt to determine the LOS6 multiplication factor for
arid regions, the ratio between the water use for Windhoek and
Ekurhuleni was compared to similar values for Cape Town, as
presented by Jacobs et al. (2004). For a plot size of 2 000 m?, the
resulting average annual water use for Windhoek and Ekurhuleni
was ~1 400 L/d, while the value for Cape Town was ~1 800 L/d.
The ratio of (1 800)/(1 400) suggested a multiplication factor
of 1.3 for arid regions and LOS6. The multiplication factor for
humid regions was based on the ratio between the water use for
Windhoek and Ekurhuleni versus similar values for George. For
a plot size of 2 000 m?, the average annual water use for George
was ~1 000 L/d. The ratio (1 000)/(1 400) led to selection of a
conservative multiplication factor of 0.75 for humid regions
and LOS6. The multiplication factor for the moist sub-humid
region was calculated by averaging the multiplication factors
for the humid and dry sub-humid regions. The multiplication
factor for the semi-arid region was calculated by averaging the
multiplication factors for the arid and dry sub-humid climate
regions. Climate was considered to have a minimal effect on
water use for LOSI. A 10% increase and decrease in water use
was assumed for LOS1 for arid and humid climates, respectively.
Therefore, multiplication factors for arid and humid climates were
1.1 and 0.9. The multiplication factors for the other regions were
calculated in the same manner as those for LOS6.

Water use is not linearly correlated to service level. First, the
relationships between water use for each service level were
determined for LOS1 and LOS6, for the humid and arid climate
regions. The expected water use values, as set out by the DHS

(2019), were used to determine the proportional increase in
water use per service level tier. In order to interpolate the climate
multiplication factors from LOS1 to LOS6, the factors were scaled
in the same proportions as water use increased, per tier, from
LOSI to LOS6. The interpolation was only performed for humid
and arid regions (other values were subsequently derived from
these). The multiplication factors for moist sub-humid and semi-
arid were calculated in the same manner as that for LOS1 and
LOS6, by averaging the humid and dry sub-humid and the arid
and dry sub-humid conditions. A summary of all interpolated
multiplication factors can be found in Table 2. For example, the
unit value of 1 (for LOSI and dry-sub humid region) would result
in a water use of 20 L-c’.d"".

Usage level

Usage level was incorporated to compensate for relatively lower
or higher water use, relative to that which was considered
normal. The ratios for low and high use were adopted from other
studies; for example, water use may be higher than normal due to
increased outdoor use (Rathnayaka et al., 2014), low tariffs and/or
non-payment, and presence of a pool (Fisher-Jeffes et al., 2015).
It was considered appropriate to assume constant water use for
standpipes — the volume of water serves to meet basic needs and
cannot be reduced. Furthermore, since water has to be carried
from the standpipe, often over long distances, excessive water use
was not considered appropriate.

The usage level multiplication factor was only applied to service
level tiers LOS2 to LOS6. High and low usage levels were considered
to impact most notably on households with larger plot sizes. The
water use for a single-person household size was used to determine
the proportion between high, average and low water use. The factor
derived in this manner is not independent of other inputs.

The usage level multiplication factors for LOS6 were determined
first, using the theoretical household size graphs shown in Fig. 1.
The average value of 240 L-c'.d" was used as the departure point.
The lowest and highest derived values were 179 L-c'.d’ and
331 L-c'-d”, respectively. The low water use ratio (compared to
the average) for LOS6 was calculated by dividing the low water
use by the average, resulting in a multiplication factor of 0.75; the
resulting high water use multiplication factor was found as 1.40.
All other multiplication factors were interpolated between LOS1
and LOS6 in the same manner as the multiplication factors for the
humid and arid climate regions, discussed earlier. The resultant
usage level multiplication factors are summarised in Table 3.

Table 2. Summary of multiplication factors for climate regions for each level of service

Climate region LOS-Ratio 1 1 2 4 8 16
Code LOS1 LOS2 LOS3 LOS4 LOS5 LOS6
Humid A 0.900 0.891 0.881 0.863 0.825 0.750
Moist sub-humid B 0.950 0.945 0.941 0.931 0913 0.875
Dry sub-humid C 1.000 1.000 1.000 1.000 1.000 1.000
Semi-arid D 1.050 1.056 1.063 1.075 1.100 1.150
Arid E 1.100 1113 1.125 1.150 1.200 1.300
Property elasticity value 0 0 0 0.1 0.2 0.3
Table 3. Multiplication factors for usage level
Usage level LOS1 LOS2 LOS3 LOS4 LOS5 LOS6
Low use 1.000 0.984 0.969 0.938 0.875 0.750
Average use 1.000 1.000 1.000 1.000 1.000 1.000
High use 1.000 1.025 1.050 1.100 1.200 1.400
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Property value

Property value was incorporated into the LCD model. Property
value has been found to be positively correlated with water use
(Van Zyl et al., 2008; Husselmann and Van Zyl, 2006). Specific
value categories were defined so that the LCD model would
find practical application in South Africa. Three property value
categories were chosen, namely: (i) low-income, (ii) middle-
income and (iii) high-income houses. Specific property value
ranges were linked to each category and were based on available
information in terms of house prices at the time of the study.
Lemanski (2010) suggested a maximum value of 300 000 ZAR for
a government-subsidised house in 2008. Government-subsidised
housing was considered to represent the low-income portion
of the population in formal housing. Considering inflation, a
maximum property value of 500 000 ZAR was determined as
an upper limit for low-income properties. Middle-class houses
were classified with a value ranging from R 500 000 to 1 500 000
ZAR, while high-income households were classified as having a
property value of greater than 1 500 000 ZAR (property values are
indicative only and apply to the year 2019).

The effect of property value on water use was incorporated into
the LCD-tool by adding an elasticity value, informed by earlier
work (Husselmann and Van Zyl, 2006). The elasticity of water
demand with respect to property value ranged between 0 and
0.5, with no clear trends reported by Husselmann and Van Zyl
(2006). Considering the most basic types of service, no impact
of property value on demand was assumed for standpipes, CABs
and yard taps. The model was constructed with a property value
elasticity that increases for the top three LOS tiers, as described
below:

»  Standpipes, CABs and yard connections = 0

o Low cost housing - limited in-house connections = 0.1
o Full house connection - indoor only (e.g. flats) = 0.2

o Full house connection - including outdoor = 0.3

LCD tool output

Considering the selected parameters, the tool produces a set
of 270 different values (6 LOS x 3 usage scenarios x 5 regions
x 3 property value categories) for each household size option.

Considering (say) 10 options of household size, for 1 to 10 PPH,
the tool would produce 2 700 different results for per capita water
use, depending on the selected inputs. The LCD-tool is available
in MS Excel format as Supplementary Material II.

RESULTS

The tool was used to produce a few result sets for illustration.
Two tables were created to portray the effect of changing specific
parameter values. Table 4 relates to a dry sub-humid region with
average water use and an average property value, with varying
LOS over all tiers. The household size was varied to portray the
water use for all service levels. Table 5 shows results for a 3-person
household with average water use and an average property value,
for each LOS. The climate region was varied in this case.

DISCUSSION

In this paper, the developed per capita water use estimation tool
incorporated five parameters, namely: (i) level of water service
provided, (ii) usage scenario, (iii) household size (people per
household), (iv) geographic region, and (v) regional property
value. Results (Tables 4 and 5) obtained from employing the
estimation tool show the following:

Standpipes (LOS1), which are shared by many households and are
the lowest level of service, are implemented to provide basic water
supply for health and hygiene. Using the estimation tool, water use
for 1 to 4 PPH was constant at 22 L-c!-d"! (Table 4) and varied from
20 to 24 L-c'.d! (Table 5) for the different climate regions (humid
to arid). In South Africa, the supply of ‘Free Basic Water’ (FBW),
initiated by the South African Government in 2001, involves an
indigent allocation, normally set at 6 KL per month per household of
8 people. The FBW quantity is therefore 25 L-c*-d! and aligns with
the values obtained by the estimation tool and the WHO (2003)
value of ~20 L-c-d"! for water collected from communal facilities.

For CABS (LOS2), estimated water use for 1 to 4 PPH varied from
54 to 34 L-c'.d"! (Table 4) and from 33 to 41 L.c'.d! (Table 5)
for the different climate regions (humid to arid). In recent years,
CABs have been introduced in areas where service providers
improved services to communities that were previously unserved
or were dependent on yard taps. Although the arrangement of

Table 4. Water use per capita for each LOS versus number of persons per household

Level of service (LOS)

Estimated water use (L-c'-d")

Number of persons per household

1 2 3 4
LOS1 Standpipe 22 22 22 22
LOS2 CABs 54 42 37 34
LOS3 Yard connection 85 62 52 46
LOS4 Low-cost housing - limited fixtures 163 1 89 76
LOS5 Full house connection (indoor) 275 198 163 143
LOS6 Full house connection (incl. outdoor) 407 300 251 221

Table 5. Water use per capita for each LOS versus climate regions

Level of service (LOS)

Estimated water use (L-c'-d")

Climate regions

Humid Moist sub-humid  Dry sub-humid  Semi-arid Arid
LOS1 Standpipe 20 21 22 23 24
LOS2 CABs 33 35 37 39 4
LOS3 Yard connection 46 49 52 55 58
LOS4 Low-cost housing - limited fixtures 77 83 89 926 102
LOS5 Full house connection (indoor) 135 149 163 180 196
LOS6 Full house connection (incl. outdoor) 188 220 251 289 326
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CAB:s varies between different suppliers and projects, they often
consist of containerised showers, washbasins, laundry facilities,
urinals and toilets. The Roma et al. (2010) study in Durban, South
Africa, reported that CABs have a water use of between 35 and
40 L-c'-d". This range aligns with the ranges obtained for CABs
using the estimation tool (Tables 4 and 5).

For yard connection (LOS3), estimated water use for 1 to 4 PPH
varied from 85 to 46 L-c'-d! (Table 4) and from 46 to 58 L-c'.d"!
(Table 5) for the different climate regions (humid to arid). These
ranges are closely aligned to the 40 to 70 L-c'-d"! range suggested
by Willis et al. (2011) as a set requirement for basic human needs,
the DHS (2019) range of 40~80 L-c’.d! for yard taps and the
WHO (2003) value of ~50 L-c'.d! for water collection from a
single tap at each dwelling.

For LOS4, the DHS (2019) estimates water use of between 0.6 and
0.3 kL-household™-d"* for low-density, extra-large-sized dwellings
to high-density, small-sized dwellings. These values are similar to
the estimates obtained from the tool for 4 PPH (i.e., 163 L-c'.d"
and 76 L-c’'-d™!) from Table 4.

In this study, LOS5 (full house connection, excluding outdoor)
was linked to estimates varying from 275 L-c’-d" for a single-
person household to 143 L-c*-d™! for 4 people per household. The
LOS5 value could be compared to the ‘realistic everyday allowable
consumption level’ (REAL), as described by Crouch et al. (2021).
The stochastic results by Crouch et al. (2021) yielded an expected
value for REAL consumption of 175 L-c'-d"!, with a normal range
of 100 L-c*-d* to 251 L-c*-d! for a single-person household.

For LOS6 (full house connection, including outdoor), the
estimation tool estimated water use for 1 to 4 PPH ranging from
407 to 221 L-c.d™! (Table 4) and from 188 to 326 L-c'-d"! (Table 5)
for the different climate regions (humid to arid). The ratio of
per capita use for LOS5:LOS6 is 275:407 (refer to Table 4) for a
single-person household, or ~68%, which suggests that ~68% of
the LOS6 water use could be ascribed to indoor uses. A similar
ratio of 70:30 for indoor:outdoor use was reported by Meyer et
al. (2021), who found that ~30% of the total annual water use in
a case study of 63 residential properties in Johannesburg, South
Africa, was classified as being outdoor use.

Water use of >100 L-c’-d? was determined for multiple taps in
a household (WHO 2003). Chenoweth (2007) noted that even
though it may be theoretically feasible to meet domestic and
commercial development needs with a water use of 135 L.c!.d’!
(of which 10 - 15 L-c'.d! was attributed to water loss in the
system), of all currently developed countries reported on, only
the United Arab Emirates and Kuwait have water use less than
135 L.c'-d'. Most countries reported consumption values of
between 270 and 430 L.c'.d!, which is in line with the results
from this study.

Overall, the estimation tool produces results that compare quite
well with reliable water use estimates obtained for South Africa
(especially the DHS, 2019) and internationally.

CONCLUSION

An extensive literature review was completed, including ~105
references to grey literature that were not specifically cited in this
document. The project team obtained 63 individual data points of
specific homes’ per capita water use from 4 regions in the country
— the most data of this nature recorded in South Africa to date. The
actual data were combined with previously published literature
and used as input to the model. The LCD-tool was developed in
an iterative manner, amended with inputs from three workshops,
held in Gauteng, Cape Town and KZN. The tool was verified by
relating results to current DHS (2019) guidelines for per capita use
and to international studies. The LCD-tool provides a convenient
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method to derive reproducible values of per capita water use,
based on five different model inputs that were considered to be
relatively robust and readily available.

As part of the study, a few selected key factors, namely, (i) level
of service, (ii) usage scenario, (iii) the number of people per
household, (iv) geographic region, (v) and property value, were
incorporated in the per capita use tool. The tool was designed to
be practically applicable and with a user-friendly interface in MS
Excel, allowing for relatively low-cost distribution and easy access
by practitioners. The tool does not account for water network
losses, although on-plot losses (also called plumbing leaks) were
included, because on-plot losses could not be differentiated from
metered household water use.

The model outputs compared well with other studies, such as
DHS (2019), although the range provided for with the LCD-tool
is larger, as parameters such as climate region and number of
persons per household were incorporated in this study.
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