
ABSTRACT
This research was undertaken as part of 
a collaboration between the Queensland 
Department of Energy and Water 
Supply, Queensland Department of Local 
Government, Community Recovery and 
Resilience, Cook Shire Council, Wujal 
Wujal Aboriginal Shire Council and 
Grif� th University. The main aim of the 
project was to undertake a pilot study 
to provide some preliminary knowledge 
of water consumption patterns in remote 
Queensland towns, and to compare 
rated versus non-rated communities. 
This pilot study of 10 Far North 
Queensland homes (n=5 in Wujal Wujal 
and n=5 in Cooktown) has, for the � rst 
time, revealed some speci� c patterns 
of residential water end-use in these 
remote regions.

BACKGROUND
Knowledge of how, where and why 
water is being used in non rate-based 
remote communities can enable 
appropriate and ef� cient demand 
management and communication 
strategies. Such proactive approaches 
can signi� cantly reduce the demand 
pressure on already scarce water 
supplies in regional Queensland. This 
information can also underpin aligned 
studies regarding the potential cost 
savings of reducing water usage, and 
on the access to and quality of drinking 
water supplies in these areas. As such, a 
collaboration between Grif� th University 
and the Queensland Department 
of Energy and Water Supply (DEWS) 
sought to undertake a pilot project to 
provide some preliminary knowledge of 
water consumption patterns in remote 
Queensland towns, and to compare 
rated versus non-rated Indigenous 
communities (Beal and Stewart, 2014a). 
The pilot study was conducted in the 
remote Indigenous community of Wujal 
Wujal and in Cooktown, both located 
in Far North Queensland (FNQ). 

The main aims of the project were to:

• Obtain high-resolution water use data 
from a small number of homes in two 
separate communities in Far North 
Queensland;

• Obtain an understanding of the water 
use stock (e.g. number of tap � xtures, 
irrigation system types, the nature of 
water-ef� cient technology in each of 
the households); and how these stock 
differ from urban households;

• Compare water end-use consumption 
between rated and non-rated 
households.

METHODS
SITE LOCATIONS AND 
HOUSEHOLD CHARACTERISTICS

The townships of Wujal Wujal and 
Cooktown are situated approximately 
165 and 330km 
respectively 
from Cairns by 
road (Figure 1). 
Cooktown is 
serviced by the 
Cook Shire Council 
(CSC) and has 
a population of 
approximately 2,400 
people, of whom 
almost 17% (400) are 
Indigenous. Wujal 
Wujal is serviced 
by the Wujal Wujal 
Aboriginal Shire 
Council (WWASC) 
and has a population 
of around 360 
people, of whom 
over 90% are 
Indigenous.

Five households 
in each town were 
required for the 
study. It should be 
stressed that this 

is a pilot study and, as such, the 
results and recommendations are 
only preliminary and may not be 
representative or applicable to 
all homes in the studied towns. 

In Cooktown, all volunteers were 
recruited from the CSC, again for ease 
of recruitment and time ef� ciency. In 
Wujal Wujal, recruitment was more 
complex as the study team wanted 
to ensure that each household was 
occupied by an Aboriginal or Torres 
Strait Islander (A/TSI) family. This was 
a requirement of the pilot study, as 
there is little empirical research on the 
water consumption patterns in such 
households and, therefore, the most 
appropriate water demand management 
strategies cannot be fully implemented 
without this knowledge. 
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Figure 1. Location of � eld sites.
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The study team used the WWASC 
housing of� cer as a point of contact 
with the would-be volunteers. The basic 
socio-demographic data for the recruited 
households is provided in Table 1. Data in 
Table 1 demonstrates that the proportion 
of households studied in Wujal Wujal is 
substantially higher than in Cooktown, 
obviously as a result of the larger 
population in the latter town. However, 
at close to 10% of the population, this is 
a reasonably representative sample size 
for a pilot study. There is a notably higher 
household occupancy rate in the Wujal 
Wujal sample due to the inherently larger 
family units that are typically associated 
with A/TSI households and communities 
(Tan and Jackson, 2013). 

WATER END-USE MONITORING 

A detailed description of the methods 
is provided in Beal and Stewart (2011). 
Standard council residential water meters 
were replaced with Actaris CTS-5 water 

meters. These ‘smart’ meters measure � ow 
to a resolution of 72 pulses/L or a pulse 
every 0.014 L. The smart meters were 
connected to Aegis DataCell series Rtx 
and R-CZ21002 data loggers (Figure 2). 

Concomitantly with meter and logger 
installation, a water � xture/appliance 
stock survey was conducted at each 
participating home in order to investigate 
how householders interact with such 
stock. Flow trace software was used in 
conjunction with water audits and water 
diaries to analyse and disaggregate 
consumption into toilets, taps, leaks, 
irrigation, shower, clothes washer, 
bathtub and dishwasher. A detailed 
explanation of the accuracy of the 
disaggregation process is found in 
Beal and Stewart (2014b). 

Although the stock audit sheets for 
Wujal Wujal have not yet been received 
by the study team, Wujal Wujal Water 
and Waste Services (WWASC) has 

recently conducted an audit of all the 
community housing in the town as part 
of its Leak Detection and Water Demand 
Management Project (2012). This 
information provided an overall guide 
to the typical stock installed in these 
homes. For the Cooktown sample, an 
online survey and water stock audit was 
developed by the study team and issued 
to one contact person in each household. 
In addition to the online survey, follow-up 
discussions with the residents during a 
site visit were conducted, providing 
a family member was available at the 
time of the site visit. 

METHOD FOR ESTIMATING 
WATER-RELATED ENERGY

The measured end-use data was 
used as a basis for determining energy 
consumption from clothes washers, 
dishwashers, taps (hot water component) 
and showers (hot water component). Hot 
water system (HWS) type and clothes 
washing machine con� guration (e.g. load 
type and number of tap connections) 
are also considered. Calculations used 
in determining energy consumption are 
based on the model developed by Beal 
et al. (2012) where the full methodology 
is presented. Also see Beal and Stewart 
(2011) (www.urbanwateralliance.org.au/
publications/UWSRA-tr47.pdf). 

Although we did not receive the 
stock audit information for the Wujal 
Wujal homes, it was known that all 
washing machines are 7kg, top-loading 
models with hot and cold connections. 

Table 1. Summary of general household characteristics 
for each region.

Household Demograhics1 Cooktown Wujal Wujal

Total Township Population 2,400 360

Total No of Households 5 5

Total No of People2 21 31

Proportion of Total Population 0.9% 8.6%

Average Household Occupancy 4.2 6.2

Number of Children (<18) 10 11

Notes: 1 Data presented are averages. 2 This is based on known household occupancies at the time 
of the household water audit. This does not include any visitors or absent residents.

Figure 2. Installed equipment at site locations for (a) Wujal Wujal and (b) Cooktown.
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All hot water systems are solar-
electric boosted. In terms of preferred 
temperature settings for clothes 
washers, four were assumed to use cold 
water (single connection machines) and 
one was assumed to use warm water 
cycles (dual connection). Although 
a dual-connected machine does not 
automatically mean that a warm/hot 
wash cycle is being used, this variation 
was the same as the Cooktown homes 
and so allowed a comparison between 
the two temperature cycles to be made 
across all homes. A full description of the 
assumptions is presented in Beal 
and Stewart (2014a).

RESULTS AND DISCUSSION
WATER END-USE CONSUMPTION

Wujal Wujal Water use consumption 
for the Wujal Wujal homes averaged 
1,244L per household per day (L/hh/d) 
(Figure 3a), which is equivalent to a 
per person volume of 277L/p/d (Figure 
3b). Almost 40% of the total water 
consumption comprised outdoor use. 
‘Outdoor’ use can include irrigation, 
cleaning cars, recreational activities, 
� lling buckets and pet bowls, and so 
forth. Shower use at 282L/hh/d (22.6%) 
or 65.2L/p/d (23.5%) is the second 
most common water use activity. 

Clothes washing also comprised a large 
proportion of usage, at 240L/hh/d (19.3%) 
or 48.6L/p/d (17.5%). Individual end-use 
breakdowns are shown in Figure 3. Note 
that ‘taps’ represent all indoor taps, and 
most likely small outdoor tap events (e.g. 
� lling a bucket or pet bowl). 

Based on the known showerhead 
� ow rates, homes with the highest � ow 
rates (least ef� cient water use) appeared 
to also consume the most water for this 
end-use, both on a per household and 
per person basis. This is consistent with 
other studies that demonstrate that 
low-ef� ciency showerheads can consume 
signi� cant volumes of water compared 
to the high ef� ciency � ttings (Beal 
et al., 2012; Willis et al., 2011). 

The water end-use breakdown 
of individual homes in Wujal Wujal 
revealed that household outdoor 
consumption, clothes washing and bath 
use all varied notably between the � ve 
homes. Once household occupancy was 
taken into account, this variation was 
further compounded, with one home 
recording very low per person usage 
(83 L/p/d) as a result of the high 
occupancy rate (11 people) in this 
home. This highlights the need for both 
household and individual water use data 

to be known, particularly in communities 
that have typically high (and transient) 
household occupancies. 

Cooktown Water use consumption 
for the Cooktown homes averaged 
1,401L/hh/d (Figure 4a). This is equivalent 
to a  per person volume of 356L/p/d 
(Figure 4b). Between 47% (656.5L/hh/d) 
and 58% (171.1L/p/d) of total household 
water was used for outdoor purposes. 
It is extremely dif� cult to fully identify 
which water use activities constitute 
‘outdoor’; however, it is possible to 
identify discrete irrigation events from 
automatic watering systems based on 
information provided in the household 
water use survey and audit. 

It is noteworthy to highlight the 
geology of the Cooktown region, 
where the sandstone plateaus give rise 
to sandy soils that typically have low 
water-holding capacity. This physical 
attribute of the landscape would 
contribute to the increase in outdoor 
water demand – particularly if non-
endemic species are being grown. 
Signi� cant leaks were identi� ed in 
two homes and householders were 
duly noti� ed.

WATER-RELATED 
ENERGY ESTIMATIONS

The nexus of water and energy is now 
well recognised, and the adoption of 
water-ef� cient technologies is viewed as 
imperative in reducing residential water 
end-use-related energy demand. While 
mindful of the small sample size of 
this pilot study, this section seeks 
to explore water-related energy 
consumption from selected household 
stock (dishwasher, shower, tap and 
clothes washer) using empirical water 
end use data and, where available, stock 
speci� cations and usage patterns for 
Cooktown and Wujal Wujal homes. 

The results from the energy modelling 
con� rmed previous work from the South-
East Queensland Residential End-Use 
Study that energy consumption varies 
with the type of HWS and temperature 
cycle used, as shown in Figure 5. The 
highest energy consumption was typically 
associated with the electric cylinder 
HWS that supplied heated water to 
the machines. For the Cooktown homes, 
where washing machine con� gurations 
were known or could be inferred, annual 
household energy consumption ranged 

1 2 3 4 5
Irrigation 165.4 527.3 881.6 827.2 13.0
Bath tub 61.5 93.8 0.0 29.5 0.0
Tap 40.4 127.9 111.0 43.3 23.5
Dish washer 0.0 0.0 0.0 0.0 0.0
Shower 365.7 311.6 326.6 192.4 211.1
Clothes Washer 44.0 348.6 241.0 320.3 246.3
Toilet 87.5 219.8 86.0 69.5 83.3
Leak 7.1 54.8 0.3 57.7 0.1
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(a) Per household end-use break down (L/hh/d) (b) Per capita end-use break down (L/p/d)  

Figure 3. Breakdown of individual average volumetric end-uses for Wujal Wujal.

1 2 3 4 5
Irrigation 71.2 283.2 1262.9 1274.6 390.5
Bath tub 78.4 79.8 32.2 0.0 0.0
Tap 65.7 132.8 100.2 82.5 56.6
Dish washer 0.0 14.1 13.1 5.3 3.8
Shower 327.6 277.7 305.4 232.8 121.7
Clothes Washer 197.5 110.6 157.1 104.3 59.7
Toilet 160.7 98.0 131.3 93.7 99.5
Leak 313.7 2.4 38.5 226.4 1.1
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Figure 4. Breakdown of individual average volumetric end-uses for Cooktown.
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from 44.7 kWh for a solar electric-boosted (EB) HWS 
typically using cold water wash, to 4,333 kWh for an electric 
HWS supplying a warm wash cycle machine (Figure 5). For 
Wujal Wujal homes, energy consumption was similar as all 
homes were solar electric-boosted and wash cycles were 
assumed to be similar. Annual household energy consumption 
was in� uenced by temperature cycle and ranged from 
38 kWh (cold wash) to 2,863 kWh (warm wash). 

Comparisons between each water-related energy end-use 
are presented in Figure 6 based on the heating system type 
for each household. Percentages are given on the charts and 
the average kWh demand for each end-use is shown in the 
legend. Each ring represents an individual home, with the 
percentage of total water-related energy demand indicated for 
each end-use. Note that clothes washer total energy demand 
can be dif� cult to compare across homes due to the number 
of factors that in� uence energy use in these machines.

Comparisons between the two Cooktown charts (Figures 
6a and 6b) suggest that the reduction in hot water-related 
energy demand with the use of solar heating systems instead 
of electric systems can be quite substantial. Another point of 
difference within the Cooktown samples is the clothes washer 
energy demand, which is very high when using a warm-water 
wash cycle and sourcing that water from an electrical heating 
system. In contrast, using the cold-water temperature cycle, 
where no hot water was sourced from the HWS, appeared 
to markedly reduce energy use, with demand associated 
with machine operation only.

On examination of the Wujal Wujal homes, average energy 
demand is lower for taps and dishwashers (there were no 
dishwashers in the surveyed households), but somewhat higher 
for shower and clothes washing compared to the Cooktown 
homes with solar HWS. 

Notwithstanding the small sample size and some assumed 
household stock information, this energy use data provides 
a useful picture of the interactions between water and energy 
consumption, and examples of where savings can be made to 
improve the overall energy and water ef� ciency of homes. 

Notes: * Clothes washer energy demand in� uenced by machine 
con� gurations not shown here. Solar EB = solar HWS with electric booster. 

Figure 6. Annual household energy consumption for all hot 
water end-uses for (a) Electric HWS in Cooktown, (b) Solar 
EB HWS in Cooktown, (c) Electric HWS in Wujal Wujal.
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Figure 5. Annual (a) per household and (b) per capita energy 
consumption for clothes washers with typical temperature 
cycle indicated for Cooktown (CT) and assumed for Wujal Wujal 
(WW). Note: Solar EB = solar HWS with electric booster.
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CONCLUSIONS 
As this is a pilot study with limited sample 
size, the results and recommendations 
are only preliminary and may not be 
representative or applicable to all homes 
in the studied towns. Notwithstanding this 
acknowledged limitation, the following key 
observations have been made from this 
pilot study:

• Outdoor water consumption Outdoor 
water consumption, compared to urban 
households, is considerably higher, and 
therefore presents an opportunity for 
water demand managers to achieve 
substantial savings by targeting this 
end-use. Outdoor consumption, 
assumed to be predominantly 
irrigation, appears to follow the 
trend of SEQ consumption patterns, 
whereby it is the main driver of peak 
day demand, and can be up to two 
or three times average day demand.

• Shower consumption High shower 
consumption is also an area for 
targeting water demand management. 
For the Wujal Wujal homes, based on 
the water audit from the WWASC, 
two-thirds of the showerheads 
recorded � ow rates in excess of 9L/
min, at an average of around 16L/
min. There is opportunity for savings 
from improved water ef� ciency due to 
both behavioural (encouraging shorter 
showers) and technological (installation 
of low-� ow roses) strategies.

• Water-energy ef� ciency There is 
increasing community awareness 
that hot water consumption = energy 
consumption, and has direct economical 
bene� t for householders, which 
may encourage water conservation, 
particularly in the non-rated community 
of Wujal Wujal, where water is not 
paid for, but energy (electricity) is. 
The installation (or repair) of low-� ow 
shower roses may offer the most 
optimal solution for reducing both 
water and energy savings.

• Leak management In Cooktown 
particularly, high leak occurrences 
were noted and residents informed. 
Due to the sandy soils in the region, 
leak ‘patches’ may not always be 
immediately evident. In general across 
remote communities, ongoing routine 
maintenance checks, speci� cally 
targeting leak management in the 
older homes, may provide some 
“low hanging fruit” in terms of water 
conservation. It is understood that 
a leak detection program has recently 

been carried out in Wujal Wujal using 
passive detection equipment.

• Water demand management 
opportunities The recently completed 
Leak Detection and Water Demand 
Management projects in Wujal Wujal 
identi� ed and repaired major leaks 
and poorly maintained � xtures. Tap 
restrictors were also installed in 
homes. Notwithstanding the previous 
water demand management initiatives, 
there appears to be some considerable 
opportunities for savings from future 
programs – especially in the area of 
behavioural strategies to encourage 
increased awareness and water-saving 
tips to reduce water consumption.

• Future remote residential end-
use studies This pilot study has 
revealed some previously unknown 
data on water consumption trends 
and water use behaviours in remote 
communities, including an Australian 
Indigenous community, which has 
never been undertaken previously 
in this country. The work is of high 
importance as it can help to populate 
demand (and revenue) forecasting 
modelling, infrastructure planning, 
water supply and wastewater 
treatment infrastructure augmentation, 
and targeted demand management 
programs to name a few. However, the 
sample size, as expected from a pilot 
study, was low and should only be 
viewed as potentially representative. 
It is recommended that research into 
a full-scale residential water end-use 
study in these remote Australian 
communities should be undertaken 
in the future to provide a robust set 
of longitudinal data that can underpin 
a range of sustainable water and 
energy resource planning tools.
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