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Abstract

Accurate and up-to-date peak demand data is essential to ensure that future mains water
supply networks reflect current usage patterns and are designed efficiently from an
engineering, environmental and economic perspective. The aim of this paper was to identify
the water end-uses which drive peak day demand and to examine their associated hourly
diurnal demand patterns based on over 18 months of water consumption data obtained from
high resolution smart meters installed in 230 residential properties across south east
Queensland, Australia. Peak Day (PD) to Average Day (AD) ratios between 1-1.5 were
driven by both external and internal end-uses. However, as the PD:AD ratio increased above
1.5, demand was driven largely by external water usage (i.e. lawn and garden irrigation)..
Peak hour ratios (i.e. PHPD:PHAD) ranged from 1.3 to 3.0 for the four peak demand days. At
the end-use level, the individual end-use category PHPD:PHAD ratios were in the range of
0.7 — 3.3 for all end-uses, with the exception of external or irrigation. The ratio for this latter
end-use category was typically very high, at over 10 times the average irrigation demand.
Comparisons with historically-based, but currently used, peaking factors used for network
distribution modelling suggests that the degree and frequency of high peaking factors are
lower now, due to the high penetration of water-efficient technology and growing water

conservation awareness by consumers.

Keywords: water end-use consumption, water micro-components, water demand

management, peak demand, urban water supply design



Introduction

Urban water planning and design

A reticulated water supply is considered one of the most significant infrastructure assets in a
community (Savic and Walters 1997), and as such, the optimal planning and design of this
infrastructure is critical. It has been recognised that urban network planning needs to be more
optimised (Lucas et al. 2010), and in this regard, understanding the patterns of residential
water demand is paramount. Residential water consumption patterns typically vary on both a
daily basis, where an average day peak hour demand will occur, and on an annual basis,
where a peak day demand will occur. Moreover, there is an annual peak hour demand that
can be many multiples of the average day peak hour consumption. Previous research
demonstrates that variations in consumption are mainly driven by climate (rainfall and
temperature), household demand, consumer behaviour, household stock water efficiency and
consumer socio-demographics (Beal and Stewart 2011, Willis et al. 2011a, Arbues et al.
2010). Key water design planning parameters for construction of water delivery infrastructure
are the average day, peak day and peak hour demand (Swamee and Sharma 2008, Lucas et al.
2010). Peaking factors are calculated from the average and peak day demand values including
the peak day factor which is the ratio of peak day demand/average day demand (PD/AD). A

range of peaking factors reported in the literature, is presented in Table 1.

Understanding peaking factors are critical in determining the pipe infrastructure that is
sufficient to deliver water during peak water demand periods. Numerous models and
algorithms have been developed over several decades which have required the fundamental
input parameter of peak hour demand (Goulter and Morgan 1985, Savic and Walters 1997,
Jacobs 2007, Adamowski and Karapataki 2010, Alcocer-Yamanaka et al. 2012); these are

typically based on top-down estimations rather than bottom-up actual measurement. Also,



beyond the strict engineering focus, AD and PD data and diurnal demand patterns are vital

empirical input parameters for other decision support tools for integrated urban water

planning such as those proposed by Lim et al. (2010) and Makropoulos et al. (2008).

Table 1. Peaking factor ranges reported in the literature

Peaking factor range

Location

Source

Peak day

1.0to 1.5

1.1to 1.7

1.4t02.0

1.5t02.0

1.5t02.3

1.8t02.9

Peak hour

1.0to 1.5

1.2t0 1.8

2to5

3.6t05.0

Data used from various cities in
South Africa, France, USA
North West England, UK
Ireland

Victoria, Australia

Queensland, Australia

Various cities, UK

Data used from various cities in
South Africa, France, USA
Boston, USA

Various cities, Australia

Queensland, Australia

Van Zyl et al. (2008, 2011)

Surendran et al. (2005)
Twort et al. (1994)
WSAA (2002)

DERM (2010)

Twort et al. (1994)

Van Zyl et al (2008, 2011)

Shvartser et al. (1993)

WSAA (2002)

DERM (2010)

In recent times, through either a mandatory or voluntary basis, new developments have

incorporated a much higher degree of water-efficient stock than previously (e.g. low water

use clothes washers, toilets and shower fittings) (Beal et al. 2011, Polebitski et al. 2011).

Additionally, these new developments commonly adopt alternative water sources such as

rainwater tanks (Lucas et al. 2010, Willis et al. 2011a). Therefore, on balance, water



consumption parameters (volume and frequency of use) today are likely to be considerably
different to 20, 10 or even 5 years ago due to the presence of technology designed to reduce
mains water flow. Accurate and up-to-date peak demand data is therefore essential to ensure
that future mains water supply (and sewerage) networks reflect current usage patterns and are

designed efficiently from an engineering, environmental and economic perspective.

Using disaggregated water consumption data to identify peak demand

Water end-use studies (also known as water micro-component studies) provide a fundamental
basis for evaluating the effectiveness of a range of water demand management strategies.
End-use studies also inform water demand modelling forecasts which underpin all water
service infrastructure modelling and reticulation plans (Jacobs, 2007; Blokker et al. 2010).
Knowledge of the average and peak end-use water consumption volumes (e.g. toilet, tap,
shower, clothes washer, external [e.g. irrigation] and leaks) at hourly, daily and monthly
levels of resolution, can strongly inform the planning process (Mayer et al. 2006; Beal et al.

2011; Willis et al. 2011b).

Diurnal water end usage patterns can also be generated from high resolution micro-
component data. Diurnal usage patterns have been used to identify trends and peaks in water
(e.g. Willis et al. 2011a) and energy (e.g. Firth et al. 2008) consumption over time Stewart et
al. (2010) also noted that this type of peak demand analysis can provide valuable information
to water utilities to address issues such as planning, asset management and hydraulic

engineering based problems.

These patterns have aided in the characterisation of daily water consumption trends across
different socio-demographic groups and varying climatic regions (Beal et al. 2011; Willis et

al. 2011b). Diurnal patterns provide valuable information on demand (per capita) and end-use



consumption at an hourly level for AD demand in a study period. Other benefits of such data
include the real-time observation of AD peaks and troughs, understanding daily demand
quantities and reservoir storage needs as well as creating demand parameters for optimisation
of the supply infrastructure through offsets to network upgrades (Beal et al. 2010; Basupi et
al. 2011; Stewart et al. 2010). Diurnal water end-use patterns can also be examined for peak
day demand, allowing a greater understanding of the types of household practices that drive

peak usage.

Drawing from the identified research gaps and the clear need for a greater understanding of
peak flows in new developments, the objectives of this study are to:
1. identify the water end-uses which drive peak demand using measured water end-use
data;.
2. determine the peak day diurnal demand patterns at an end-use level of resolution;
3. determine the relative frequency of peaking factors over the study period of
measurement;
4. determine ratios of peak to average day demand, and average day peak hour with peak
day peak hour demand and compare with ratios reported in the literature; and
5. provide recommendations on how high resolution smart water metering and end-use

studies can enable improved future urban water infrastructure planning.

Methodology

The data for the current study was generated from the South East Queensland Residential End-use
Study (SEQREUS) located in the south eastern corner of Queensland, Australia (Beal and Stewart

2011). The methodological approach used to obtain the data for this paper is shown in Fig. 1.
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Fig. 1. Process used for obtaining water end-use data on selected peak demand days.

Study sample characteristics

A total of 230 households were used in this study, providing a good representation of SEQ
households with a varying range of household occupancies, family composition and
household income categories (Table 2). The rainfall and temperature data for the three
periods of measurement are provided in Table 3. Of note, the summer 2010-11 recorded
above average rainfall with widespread flooding throughout SEQ. This substantially reduced
the need for irrigation over the summer period, and also resulted in a considerable number of

the data loggers malfunctioning, due to water ingress.

Table 2. Selected characteristics of households in the SEQREUS sample

Sample Characteristics' Gold . . Sunshine SEQ
Coast Brishane Ipswich Coast combined
Household occupancy 2.6 2.6 2.7 2.5 2.6
No of people 230 164 96 171 661
No. homes 65 61 37 67 230
% Households with <2 people 58 41 51 69 55
% Households 36 16 3 45 3
pensioners/retired
% Households with children
(aged < 17) 34 30 21 25 28
Average age of children 38 27 44 10 6.5
(years) ) ’ ) )
gfggszhousehOId feome 73,290 81,630 87,900 60,070 75,722

Notes: 'data presented are averages; “Estimated from taking the average of the household income category that each
respondents selected (Gregory and Di Leo 2003), where categories were: 1 = <$30,000, 2 = $30,000 — $59,000, 3 = $60,000
—$89,999, 4 = $90,000 - $119,999, 5 = $120,000 - $149,999, 6 > $150,000.



Table 3. Climate data for four regions during the specific periods of flow trace analysis'

Study Average Maximum (°C) Total rainfall (mm) No. of wet days”
region Winter Summer Winter Winter Summer Winter Winter Summer Winter
2010 10-11 2011 2010 10-11 2011 2010 10-11 2011
Gold 21.3 27.9 20.5
Coast’ *08)  (£1.7) (£2.9) 21.5 567.2 20.4 4 25 4
Brisbane’  21.4 27.9 20.1
(09)  (£17) (£3.5) 9.6 488.7 6.5 2 29 2
Ipswich’ 21.8 28.7 20.3
*12)  (£2.9) (*3.7) 8.8 342.2 9.2 1 22 2
Sunshine 21.4 27.6 21.3 471 5437 3.6 7 27 |

Coast® (£0.9)  (%1.6) (£3)

Notes: ! Data taken from Bureau of Meteorology (BOM) http://www.bom.gov.au/climate/data/index.shtml; > Number of days
where rainfall >1mm; * average of Coolangatta and Gold Coast BOM stations; * average of Brisbane Airport and Archerfield
BOM stations; 3 Amberley BOM station; 6 average of Sunshine Coast airport and Tewantin BOM stations, 7 (x) indicates
standard deviation from mean for the period of analysis.

Disaggregating total flow into individual end-uses

The SEQREUS, on which the data for this paper is based, used a mixed method, advanced
water end-use measurement approach to capture and analyse water use data (Fig. 2). Full
details of the methods used to undertake these measurements is provided in Beal and Stewart

(2011), however a short summary is provided here.

Upon completion of recruitment, standard council residential water meters were replaced
with modified Actaris CTS-5 water meters. These ‘smart’ meters measure flow to a
resolution of 72 pulses/L or a pulse every 0.014 L. The smart meters were connected to Aegis
Data Cell series R-CZ21002 data loggers. The loggers were programmed to record pulse
counts at five second intervals. This data was wirelessly transferred to a central computer, via

email, and stored in a database for subsequent analysis


http://www.bom.gov.au/climate/data/index.shtml
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Fig. 2. Mixed method approach used in the SEQREUS. Inset: location of study in QId,

Australia.

A representative sample of received data was extracted from the database and disaggregated
into all end-use events associated with the sampled residential households. Disaggregation of
total household flow into the specific end-uses such as irrigation, toilet, clothes washer,
shower and tap, was performed using the software package Trace Wizard ® (Aquacraft 2010,
Mayer et al. 2006). This software allows the user to identify specific flow patterns and assign
them into end-use categories, and is a commonly accepted method of disaggregating
fixture/appliance events from a single flow meter (Froehlich et al. 2011). Using this flow
trace analysis to disaggregate flow has shown to have over an 80% accuracy rate (Wilkes et
al. 2005). This is likely to be higher for single event identification, identification of
automated appliances such as clothes washers and dishwashers, and also when using a high

resolution smart meter such as those employed in the current study (Mayer et al. 1999, 2006).



In the current study, we have included two further steps to the normal process to further
improve flow trace analysis accuracy, including a detailed water audit of household water use
behaviours and water use stock efficiency as well as asking them to complete a water use
diary for a week period. Both of these extra measures ensure that the analyst using the flow
trace software will be able to establish robust categorisation templates and could understand
user behaviours (e.g. use bath in the evening). The event flow signature and this
understanding of each homes water use behaviours enabled accurate end-use disaggregation

in this study.

Identification of end-uses is informed not only by the high resolution trace flows, but also the
specific knowledge of each household’s fixtures and appliances. Thus, concomitantly with
meter and logger installation, a water fixture/appliance stock survey was conducted at each
participating home in order to investigate how householders interact with such stock (Fig. 2).
By completing the stock survey, the householder provided information on the number and
degree of water-efficient appliances and the typical water consumption behaviours of the
householders. As discussed, this facilitated the disaggregation of trace flows from each home
and also provided a valuable snapshot of the daily water consumption habits within each

home.

The limitations of the software relate to the ability to discern multiple simultaneous events
and low flow external consumption. These limitation can be substantially minimised by high
resolution meters, experienced analysts and a comprehensive understanding of the water use
stock, and habits / behaviours of the participants involved. All these factors were considered

in the experimental design phase and implemented in the establishment phase of the



SEQREUS project. Further discussion on the research methods is provided in Beal and

Stewart (2011).

Diurnal pattern generation and peak demand ratios

Using the SEQREUS database, a complete timeline of average daily total water consumption
was sourced from 567 days of continuous logging from up to 230 homes per day, equating to
over 93,000 measured data points. From this, peak demand days could be clearly seen over
the timeline with four being selected for further detailed examination. The four peak days
were selected as they included both week and weekend days and occurred during ‘business as

usual’ and holiday (e.g. Christmas / summer holidays) periods.

AD demand was calculated by averaging the consumption from 230 homes over the 18
month measurement period. AD diurnal demand patterns, at an end-use level, were generated
using a software application specifically developed for this study. The software package is a
basic windows executable file (.exe) that gathers the start and completion time of each
characterised end-use event from all of the respective end-use database files, and assigns the
events to the respective hourly time-of-use interval (e.g. 11.00 to 12.00 am). After
accumulation of the water used by each end-use in each respective hourly period of the day,
the program divides by the number of days in the study period, as well as the number of
people or households in the sample size depending on unit of analysis requirements. For this
paper, the units were in average litres per person per hour per day (L/p/h/d). Diurnal water
end-use patterns were generated from consumption data for a number of average and peak

day periods.



Results and Discussion

Water end-use breakdown of peak day demand

The timeline of daily total household water consumption (L/hh/d), recorded from all
functioning data loggers, is presented as a combined SEQ average (Fig. 3). The Insets (a) to
(d) presented in Fig. 3 provide per capita water end-use breakdowns (L/p/d) for a 24 hour
period for four days of above average water consumption: Thursday, 30/12/2010 (Fig. 3a),
Friday, 07/01/11 (Fig. 3b), Sunday, 10/04/2011 (Fig. 3c), and Saturday, 02/07/11 (Fig. 3d).
Also shown are reproductions of the winter 2010 (Fig. 3e), summer 2010-11 (Fig. 3f) and
winter 2011 (Fig. 3g) end-use pie charts (Beal and Stewart 2011). Inclusion of these pie
charts offer ‘baseline’ datasets for comparison with the end-use breakdowns from peak
demand days. Note that the pie charts and diurnal usage patterns for the peak demand days
are generated from a smaller, random sample size (n = 25). This smaller sample size is due to
the human resource requirements to undertake the Trace Wizard® analysis which generates
end-use breakdowns. As such, the pie charts and diurnal usage patterns have been included to
provide an indication or snapshot only of the type of end-use activities that typically

contribute to peak hour and peak day demand.

The end-use consumption data for selected peak days are presented in the pie charts shown in
Insets (a), (b) and (c) of Fig. 3. For comparison, the baseline data from the three SEQREUS
reads, are shown in Fig. 3e-3g. Peak day water consumption is clearly higher than baseline
consumption for shower (SHOW), clothes washer (CW), toilet (TOIL) and external (EX) (Fig
3a-3d). For the indoor uses of shower, clothes washer and toilet, average peak volumes are
23%, 96% and 49% greater than the baseline, respectively. For external end-uses, which are

assumed to be primarily irrigation and high tap use, there is considerable variation between



the peak consumption volumes, averaged at 24 L/p/d for the four days with a standard

deviation of 25.4 L/p/d.

There was little variation in tap usage across all pie chart snapshots, suggesting that this is not
likely to be an end-use that would drive peak day demand, although it may be attributable to
peak hour demand, if they are external tap fixtures. Note that the ‘tap’ category in this paper
refers to indoor tap use or low external tap use. Large tap events have been allocated to the
external water use category, as this is typically the location of such large flows from taps

(Mayer and DeOreo 1999).
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Diurnal breakdown of peak demand

The peak hour demand for each of the four days investigated ranged from 10.8 L/p/h/d to
30.8 L/p/h/d (Fig. 3a-d). The uniform, twin peak periods occurring in the morning and
afternoon which are typically seen in average day demand diurnal patterns (Fig. 3e) are not so
evident for the four peak day demand diurnal patterns shown in Fig. 3a-d. The peak day
diurnal patterns exhibited a frequent occurrence of peak events throughout the day,
particularly for the external water usage. The greatest peak demand day of 605 L/hh/d (261
L/p/d) on 02/07/11 is shown in Inset (d) and is clearly driven by external (irrigation) water
use where the peak hour and peak day irrigation demand was 13.4 L/h/p/d and 140 L/hh/d (61
L/p/d), respectively. In terms of peak hour versus peak day consumption; large outdoor usage
events are more likely to primarily drive peak hour demand, relative to the overall peak day
demand. Whereas peak day demand may be influenced by both indoor and outdoor end-uses.
For example, high shower and clothes washer usage dominated total household consumption
as shown in the 30/12/10 and 07/01/11 pie and diurnal charts (Fig. 3a,b). Others have also
drawn similar conclusions on the different end-uses driving peak hour versus peak day

demand (Cole and Stewart 2012; Polebitski et al. 2011; Lucas et al. 2010).

One other important characteristic of the peak day diurnal patterns is the timing of the
external water use activities. In the State of Queensland, where the data was sourced from,
there is a current restriction on irrigation between 10 am and 4 pm. The results demonstrate a
degree of non-compliance during this timeframe and further, this practice appeared to have
increased rather than decreased over the 18 month monitoring period, judging by the

consumption timeline shown in Fig. 4.
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Peaking factors and end-use analysis

The peaking factor (PF) is the ratio of the maximum flow to the average daily flow in a water
system. Peaking factors for peak day (e.g. PD/AD) and peak hour (e.g. PHPD/PHAD) are the
basis for designing mains water supply infrastructure. Pipe infrastructure must be designed
such that it can handle peak demand periods without a loss in pressure to the customer below
desired service standards. While it is acknowledged that annual AD (AAD) and PD/AAD are
conventionally used in infrastructure modelling, all the data (across 18 months) was used for
this study as the seasonal variation is less marked in the subtropical climate of Queensland,
with rainfall or dry periods often occurring out of the typical winter or summer periods. (Note
that statistical tests revealed that comparison of means of the AD and AAD datasets were not
significantly different [p>0.1] at 356 L/hh/d [SD#51.4] and 353.3 L/hh/d [SD#%52.4],

respectively).

Peak day factors

A breakdown of average daily total water consumption showing the peaking factor trend for
the combined SEQ sample is shown in Fig. 5. The four peak demand days selected had
increasing peak day factors of 1.3, 1.5, 1.6 and 1.7 (Fig. 5). Generally, the proportion of
external consumption increased concomitantly with the increase in peaking factor. Less than
a third of the data had peaking factors over 1, suggesting extreme usage from a small number
of days may have a strong influence on the average peaking factor of any given region in this
sample. This trend also supports previous research regarding peaking factors and network
distribution design (e.g. Basupi et al 2011; Swamee and Sharma 2008; Savic and Walters
1997). The relative frequency distribution of PD/AD for each month is shown in Fig. 5b
(inset) where it can be observed that PD/AD factors between 0.8 and 1.2 occurred at the

greatest frequency. Knowledge on the range and distribution of peaking factors can inform
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water distribution modelling, particularly if historical, and potentially out-dated factors,
continue to be applied. The peaking factor values reported here, determined from 18 months
of measured water consumption, lie within the lower end of the range reported for local
guidelines; of 1.5 to 2.3 (DERM, 2010), but well within the ranges reported elsewhere in the
literature (Table 1). This suggests that in Queensland, and particularly in urban areas in the
South East corner, where water consumption is trending downwards (Willis et al. 2011b, Beal
and Stewart 2011), there is a potential for over-sizing of water distribution infrastructure to
new residential developments. The reduced consumption in new dwellings in Queensland is

discussed in more detail later in the paper.
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Fig. 5. Breakdown of (a) average daily total water consumption (LHS) and PD:AD ratio
(RHS) and (b) frequency distributions for combined SEQ sample peaking factors.
Peak hour factors and contributing end-uses
The peak hour in average day (PHAD) values (i.e. morning and evening peak hour in average
day) were derived from an average of the three periods of analysis: winter 2010, summer

2010-11 and winter 2011. The peak hour in peak day (PHPD) values were taken from each of
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the four peak day end-use diurnal demand patterns. As expected the hourly peaking factors
are higher than the daily factors. Hourly peaking factors ranged from 1.7 to 3.0 in the
morning and 1.3 to 2.8 in the afternoon (Fig. 6). Notably, they are lower than the range of
Queensland government reported values (i.e. 3.6 to 5.0), although, as shown in Table 1, other
researchers have reported similar ranges to those observed in this study (e.g. Shvarster et al.

1993, WSAA, 2002).
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Fig. 6. PHPD/PHAD ratios and relative end-use proportions for morning and afternoon peak
hours

A breakdown of individual end-use peak hour (PHPD/PHAD) factors demonstrate that most
end-uses are elevated during peak demand days, however, it is clear that external water use
events are driving peak hour use (Fig. 6). This is consistent with other findings such as Willis
et al. (2011b) who found a strong association with irrigation and peak morning and afternoon
diurnal patterns. Similar results were reported by Roberts (2005) and Heinrich (2007). Other
end-uses such as shower and clothes washer, have also been associated with peak hour, and

in particular, peak day demand (Beal et al. 2011; Willis et al. 2011b). At the end-use level,
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the individual end-use category PHPD:PHAD ratios were in the range of 0.7 — 3.3 for all end-
uses, with the exception of external or irrigation. The ratio for this latter end-use category

was typically very high, at over 10 times the average irrigation demand.

Influence of climate on total household consumption

A timeline of average temperature, rainfall and daily total consumption for each month of the
study is presented in Fig. 7. The four peak days selected for analysis are indicated by the
hatched triangles on the water consumption curve. There is a weak relationship between
increased temperature and peak demand days, although this is not consistent across the
timeline. There is a stronger association between temperature and total household water
consumption for the warmer months e.g. January to March 2010 and November to March
2011. Cole and Stewart (2012) report a strong correlation between temperature and bulk
water demand for the Hervey Bay region of Queensland, Australia. Others have also
observed this relationship between temperature and residential water consumption (Water
Corporation 2011, Willis et al. 2011b, Adamowski 2008). Another weak relationship is
apparent for low rainfall and increased water demand during the months of April to August
2010 and June to July 2011 (Fig. 7). It should be noted that the high rainfall events occurring
in December 2010 and January 2011 contributed to major flooding across SEQ, effectively

eliminating the need for irrigation during this period.

Prior to the peak per capita water usage day on 02/07/11 of 261 L/p/d (Inset (d) Fig.4), there
was a period of approximately four weeks where low rainfall (0.4 mm) and relative humidity
(59%) occurred in the SEQ region. These conditions are typical of winter climate in SEQ and
it is believed that the conditions were likely to have contributed to the observed sudden

increase in the number of irrigation events occurring on that Saturday.
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Fig. 7. Timeline of average monthly climate data and daily household water consumption

There is wide acknowledgement of the need to adapt to, as well as mitigate for, climate
change impacts on the urban water systems (Gleick 2003, Polebitski et al. 2011, Short et al.
2012). Recent climate modelling in Queensland has predicted shorter, but more intense,
rainfall patterns in the summer, resulting in longer periods of dry weather over the winter
months (Queensland Government 2012). Direct impacts to urban water supplies from climate
change, such as changes to rainfall and temperature patterns, may see the past peak water
usage period, historically in the hotter months (December to February) in sub-tropical
Queensland, shift toward the drier, cooler months in winter and spring (June to September).
Indeed, the data presented in this paper demonstrates that peak demand times were not
restricted to summer months, but instead they occurred throughout the year, in the drier

months of April and July.
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Future trends in peak demand

There exists a strong possibility in Queensland, and indeed elsewhere in Australia, that a
downward trend in future peak demand will be observed. Factors influencing this downward
trend include the introduction of resource-efficient planning initiatives, the penetration of

water efficient or alternative water supply technology, and changes in consumer behaviour ..

The introduction of resource-efficient planning initiatives such as water conservation and
intervention programmes, high density, low footprint housing, water-efficient fixtures,
internally connected rainwater tanks have shown to substantially reduce household water
consumption (Fidar et al. 2010, Beal et al. 2012, Fielding et al. 2012). For example in SEQ,
average water consumption was effectively halved from 300 L/p/d to around 150 L/p/d
within less than 5 years (Traves et al. 2008, Walton and Hume 2011), as a result of a range of
water demand management approaches. Thus, this marked reduction in average consumption

is likely to be mirrored by a reduction in peaking factors.

The effect of water efficient technology on daily diurnal patterns and peak flow is discussed
by Carragher et al. (2012). They concluded that water efficient stock (e.g. low flow shower
roses, water-efficient clothes washers) has a significant reduction in ADPH demand and that
this trend towards lower peak hour consumption, will continue as new dwellings are
constructed, and existing homes are refurbished. Reduced peak day and peak hour demand,
due to residential water stock efficiency measures (including government rebate programs for
water-efficient appliances and water conservation awareness campaigns), has implications for
optimising pipe network modelling and capital infrastructure, e.g. deferral or reduction in
water distribution infrastructure (Basupi et al. 2011; Carragher et al. 2012). For example,

Tsang (2010) utilised the SEQREUS diurnal demand patterns as input into pipe network



166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

models in Gold Coast City, Australia, and discovered that reduced hourly demand provided
spare capacity in existing pipe infrastructure, thereby reducing the need for costly

augmentations.

Irrigation has shown to be dramatically reduced in the post-drought and post water restriction
environment in SEQ (Walton and Hume 2010; Willis et al. 2011b; Beal et al. 2011). Further,
three years post-drought, the expected rebound back to higher (e.g. >200 — 300 L/p/d)
consumption is still not fully evident, despite the present high water storage levels and lack of
water conservation social marketing programs. Together with this entrenched water
conservation behaviour, the residential landscape in SEQ has changed markedly over the
years, with new developments being built on smaller allotment sizes, with reduced garden or
lawn areas. This trend towards affordable, higher density developments is evident
internationally (e.g. Forsyth et al. 2010). Planning guidelines in Australia also strongly

promote native species to be planted that require a lower frequency and volume of water.

For the various the reasons described above, household water consumption in SEQ and
potentially other regions internationally, is not likely to return to the daily capita usage of 300
L/p/d that was typical a decade ago. Consequently, the variation and volume of peak demand
is also likely to change (decline). It is postulated that peak demand days will not occur to a
lesser degree and with lower incidences of high peaking factors in the future. Some evidence
of this has been presented herein with lower daily and hourly peaking factors than historically
reported however, further analysis of the correlation between climate pattern and peak end

usage, based on an additional year of end-use data, is an important next step of this research.
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Conclusions

The aim of this study was to determine peak hourly and daily demand for a range of water
end-uses in households located in South East Queensland, Australia. Peak day and peak hour
demand was examined for four peak days identified from 18 months of empirical household
water consumption data. Given the reduced dominating role of irrigation contributing towards
peak demand in this study, other end-uses have become evident as potential contributors to
the lower peaking levels. Peak day demand that yielded peaking factors between 1 and 1.5
were observed to be driven by clothes washer and shower use, as well as external use.

However, peak hour demand was primarily driven by external water usage.

Overall, peaking factors were lower than those being used in current local planning
guidelines for residential water supply. A reduction in the degree and frequency of peak
demand days is likely due to the high penetration of residential water stock efficient
measures, water consumer behavioural changes and higher dwelling density. Thus, caution
should be exercised if using historic peak day and peak hour demand data for infrastructure
design and modelling. This is especially pertinent in jurisdictions where factors influencing
future water demand are evident, such as the wide incorporation of water efficient stock and
permanent shifts in water conservation behaviours. In these jurisdictions, future network
modelling and urban water system planning should carefully consider such reductions in peak

demand and may require the recalibration of peaking factors.

The SEQREUS has recently received additional funding to extend data collection to early
2015 and it is hoped that sufficient end-use data sets can be established to provide an
intelligent predictive tool of water end-use consumption (especially outdoor which is highly

variable) based on a range of variables including climatic conditions. Additionally, future
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work will target longer time scales and a larger sub-sample of homes during peak demand
days, to establish greater certainty on current peaking factors and diurnal hourly patterns.
Such smart metering and end—use analysis research can provide data to underpin more
accurate demand forecasting models, and facilitate the optimisation of pump and pipe
infrastructure planning and design. Essentially, the technology allows a paradigm shift

towards just-in-time (JIT) pipe network modelling and infrastructure design.
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