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Preface

In 2007, BRANZ completed the Water End-use and Efficiency Project (WEEP), which
looked to collect water-use data from 12 households in Kapiti (Heinrich, 2007). The
following year, the experimental approach was repeated for Watercare for 51 houses in
the Auckland Water Use Study (AWUS) (Roberti, 2010).

This project looked to build on these studies to collect new residential water-use data
from around the country using current data collection methodologies.

A separate BRANZ study report investigating residential water tariffs in New Zealand
(Garnett & Sirikhanchai, 2018) was also completed as part of this overall project.
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Abstract

There is limited information available on how water is used in New Zealand homes.
Previous BRANZ work has been restricted to small numbers of households in particular
geographical areas. This study invited participation from councils and water supply
authorities from around the country, and a widespread 66-household sample was
obtained.

The data collected for each household was the total water use collected at 10-second
intervals, which was complemented with an occupant survey and a detailed inventory
of water-using appliances and fittings from within the home.

With the water data being collected at a high rate, there is the potential that machine-
learning techniques could be used to estimate which water appliances and fittings were
being used within the home. Colin Whittaker, Teresa Scott and Kobus van Zyl from the
Department of Civil and Environmental Engineering at the University of Auckland have
been investigating this possibility and have reported on this in a separate report.

The median water use for the sample was 159 litres per person per day for winter and
231 litres per person per day for summer. The average water use over the winter and
summer periods was 34% and 26% respectively higher than the median water use due
to a number of households with high water use having an undue influence on the
average value.
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Residential water use, water efficiency, WELS, water end-use.
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Executive summary

This project looks to update residential water-use information with a nationwide
measurement of water use from households from around the country. Participation
was invited from all councils and water supply authorities. However, a number of
regions with larger populations chose not to participate while regions with smaller
populations were more likely to be included. A map of those participating is shown in
Figure 1. The regions with smaller populations also tended to have poorer cellular
coverage, and with other data collection issues (see Appendix B), the overall sample
size was smaller than originally planned with measurements completed from 66
households.

The average water use observed was:

e 213 litres per person per day for winter
e 292 litres per person per day for summer.

The distribution of daily water use is skewed with many households with higher water
use. A ‘typical’ household is more likely to be better represented by the median (middle
value when the values are ordered) than the average.

The median water use observed was:

e 159 litres per person per day for winter
e 231 litres per person per day for summer.

The median water use should be more routinely reported than the average water use.

The dataset includes measurements of water use at 10 second intervals and small
water flows. This high-resolution data allows post processing to be completed on the
data such as estimating the water end-uses present with the data (see Appendix A).

This end-use disaggregation was not able to be completed within this project but the
data has been passed on to Colin Whittaker, Teresa Scott and Kobus van Zyl from the
Department of Civil and Environmental Engineering, Faculty of Engineering at the
University of Auckland to investigate the potential to determine the end-uses from
advanced data processing.

A survey was completed by each household, which provided a range of information on
the occupants, their water-using appliances/fittings and how these appliances/fittings
are used.

Many respondents were not aware of the Water Efficiency Labelling Scheme (WELS)
star rating of their appliances/fittings. The appliance with the highest proportion of star
ratings known was the washing machine with 18% of homeowners aware of the star
rating.

The washing machine is an appliance type that has changed considerably since the
AWLUS study (Roberti, 2010) where less than 6% of households had a front-loading
washing machine. This project has seen the ownership of front-loading washing
machines increase to 36%. As front-loading washing machines can have much lower
water consumption than top-loading washing machines, this could represent a good
water savings potential.
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Less than 10% of the households had a rain tank of any size, so there remains a large
potential to increase the number of rain tanks present.

The amount of water used for outdoor irrigation can be large. Around 28% of homes
had a sprinkler system with these roughly split between automatic and manual
systems.

Did not paricipate
Participated

Figure 1. Map of the council and water supply authorities participating in this study.
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1. Introduction

Freshwater is plentiful in New Zealand by international standards. A water
management road map from NZIER (Kaye-Blake, Schilling, Nixon & Destremau, 2014)
reported that New Zealand has the fourth-highest per capita water availability among
OECD countries after Canada, Iceland and Norway. This is believed to be due to New
Zealand’s small population and the abundance of national water resources. However, it
has also been stated that “"New Zealand is fast discovering that freshwater is not an
unlimited resource ... most regions have at least one river (surface water) or aquifer
(groundwater) that is either fully or over allocated, or likely to become so” (New
Zealand Business Council for Sustainable Development, 2008, pp 3—4).

Demand for freshwater is increasing for a variety of reasons. Other than hydroelectric
generation, irrigation is the main consumptive use of freshwater (Booker & Henderson,
2019). It has been subject to strong growth in part due to a change of pastoral farm
that has seen a 69% increase in dairy cattle from 1994 to 2015 while seeing a 41%
decrease in sheep numbers (Ministry for the Environment, 2017). The total national
irrigated land has increased by around 70% between 2002 and 2017 with the total
irrigated land in Canterbury and Otago comprising close to 80% of total national
consents (Ministry for the Environment, 2017).

1.1 Background to residential water use

Residential water use is supplied by both council and council-controlled organisations.
Currently, central and local government are involved in an extensive three waters
consultation process,* which will review how drinking water, wastewater and
stormwater are supplied throughout the country.

Water New Zealand undertakes the National Performance Review annually, which
reports on drinking water, wastewater and stormwater services provided by the various
council or council-controlled organisations. The 2019-2020 National Performance
Review (Water New Zealand, 2020) indicated that water use had increased over the
proceeding 5 years and that a total of 5.6 x 108 m3 of water was supplied in 2019/20.

Pressures on residential water use are likely due in part to an increase of overall
population. New Zealand’s population grew 17% from 1996 to 2012, driving a 10%
increase in urban land area (Ministry for the Environment, 2017).

This report does not focus on a supply-side response to these pressures but instead
looks at quantifying water use for residential users. Measuring water use at an
individual household level may assist with understanding some of the issues for
residential water demand management, which is briefly discussed in the remainder of
this section.

1.2 Opportunities for better management

The New Zealand Water Efficiency Labelling Scheme (WELS) was updated in 2017
(Ministry for the Environment, 2019) and looks to provide water efficiency information
to consumers at the point of sale for washing machines, dishwashers, toilets and
urinals, showers and taps.

1 www.dia.govt.nz/three-waters-review

BRANZ
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This information is presented in the form of a label (Figure 2) that is similar to the
energy rating labels used for electrical appliances. This label is either affixed to the
appliance or attached as a double-sided label. This labelling scheme is closely aligned
to the scheme that runs in Australia.

x

The more
* stars the more
water efficient

WATER

RATING

Water Consumption

litres per minute
‘When tested in accordance with AS/NZS 6400
Mains Pressure

Figure 2. Example of a WELS label.

The building industry has a key role in enabling good water demand management.
Plumbers install and often specify or recommend the major water-using devices in the
home such as the toilets, showers and tap fixtures (Conder, 2008) and therefore have
the potential to set the overall water efficiency of the home. These choices are subject
to a number of trade-offs (most notably cost) so making them visible would be
beneficial. Some examples of increasing the visibility of the water efficiency choices
may be to leave the WELS labels on toilets, washing machines and dishwashers in a
new home. This would make the new homeowners aware of the level of water
efficiency of these items. Another way would be to undertake an environmental rating
scheme such as Homestar? to recognise the water efficiency features of the home.

In addition to water efficiency, reducing the water drawn from the water service
provider can also be achieved by the householder using rainwater harvesting or by
maximising the use of water via greywater recycling (Conder, 2008).

The New Zealand Building Code does not provide any information on what good
performance is and only sets a minimum performance level (James, Saville-Smith,
Saville-Smith & Isaacs, 2018). Having information available on the water efficiency of
the building would be beneficial as well as programmes to encourage higher levels of
water efficiency.? Previous attempts to limit hot water use (primarily motivated by
energy efficiency) were abandoned when the public was not supportive of the added
regulation (Pollard, 2010).

Water metering and volumetric charging are common water demand management
techniques. Water metering is now present in more than half of all New Zealand homes
(Water New Zealand, 2020), and a variety of pricing mechanisms are in place (Garnett
& Sirikhanchai, 2018). The beneficial experiences of implementing water metering and
volumetric charging for a number of councils have been documented frequently (Water

2 www.nzgbc.org.nz/Homestar
3 www.branz.co.nz/sustainable-building/up-spec/water-management/
4
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New Zealand, n.d.; Lawton, Birchfield & Wilson, 2008; Stewart, 2009; Controller and
Auditor-General, 2018). Once water meters are in place, greater levels of water
management are possible. This can be from external parties that could compare water
use between households, which could allow for the use of social norms to encourage
water conservation (Schultz et al., 2016). The water-use information could also be
used by the occupant to help them understand their own usage and potentially help
them identify leaks.

Collected data from water meters at sub-hourly intervals using data loggers or as part
of an integrated smart meter allows for a much-enriched analysis of water use to take
place (Cominola, Giuliani, Castelletti & Rizzoli, 2015). This could include examining the
overnight usage for signs of leaks, the comparison of usage during weekdays and
weekends and, where the data collection is sufficiently resolved, data on individual
water-using events leading to identifying the end-uses present within the home (see
Appendix A).

Currently, knowledge on how water is being used in New Zealand homes is limited.
There have been few data collection projects and only limited numbers of households
included in such studies. As data collection technologies improve, there will be
increasing opportunity to collect more-accurate water data from more households and
to improve the overall understanding of residential water use.

BRANZ
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2. Previous studies

2.1 New Zealand household water-use studies

In the mid-2000s as BRANZ was completing its first detailed study of energy use in
New Zealand homes (Isaacs et al., 2010), there was interest in undertaking similar
studies with a focus on water use in homes.

In 2005, Beacon Pathway was planning the NOW Home, a demonstration home that
would include many sustainability features (Bayne, Jaques, Lane, Lietz & Allison,
2005). The home was designed with water-efficient appliances and low-flow fittings
and also included a 13,500 litre rainwater tank, which was integrated into the
household plumbing. This home would be occupied by a regular family and would be
instrumented to measure the water-use characteristics of the home.

The initial intention for the measurements was to record the total water use drawn
from the council supply as well as the water supplied from the rain tank. As the house
was under construction, the ability to place additional water meters into each water
line was reasonably straightforward, enabling the recording of all the water end-uses
individually. These meters were generally within the roofspace of the NOW Home. The
meters were wired back to a data-acquisition system, which recorded the 24 water
uses at 1-minute intervals.

The results of the NOW Home are published in several reports by Beacon Pathway
(French, Heinrich, Jaques, Kane & Pollard, 2007; Pollard, French, Heinrich, Jaques &
Zhao, 2008).

Currently, Watercare is working with Fletcher Living to develop a pilot water efficient
home called the 1.5-degree home.* This pilot will look to achieve MBIE’s water-use
target of 75 litres/person/day (Ministry of Business, Innovation & Employment, 2020)
using a variety of monitoring and water-saving technologies.

2.1.1  WEEP — Kapiti Coast

While data from a single home can be instructive and provide interesting insights, the
value of end-use data projects is magnified when multiple houses are included in the
sample. The first multi-home study of water use conducted by BRANZ was the Water
End-use and Efficiency Project (WEEP). This project studied 12 residential homes on
the Kapiti Coast (Heinrich, 2007).

The measurement approach used for the NOW Home was not suitable for use in
WEEP. Placing water meters into existing water lines would be very time consuming,
expensive and a major inconvenience for the homeowners.

A review of international approaches to water end-use studies (Heinrich, 2006) led him
to look to instrument each home with a well-resolved water meter (34.2 pulses per
litre) and to record the water use at a high time resolution (10 second intervals) during
selected winter and summer periods. Specialised computer software (Trace Wizard)® is
then used to pattern match characteristic appliance water-use shapes with the
resulting overall water-use curve determining the end-use breakdown of the water use.

4 https://www.linkedin.com/posts/watercare-services-limited imagine-tracking-your-carbon-
and-water-footprints-activity-6917660144969416704-7590/
5 https://aquacraft.com/data-downloads/trace-wizard/

6
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The Trace Wizard program was able to resolve the total water use into a variety of end
uses including indoor taps, showers, washing machines, toilets, dishwashers, bathtubs,
outdoor irrigation and leaks. End-use classification is discussed further in Appendix A.

In the Kapiti study, the maximum water use per person was higher in summer than the
maximum use in winter, with on average an additional 35 L being used per person.
However, indoor water use for summer was nearly identical with the winter indoor use,
with the main difference being outside usage. During summer, outside usage
accounted for 22% of the total water usage — three times the amount used during
winter. The majority of outside usage was for irrigation. However one household out of
the 12 surveyed was responsible for 57% of the total irrigation water use. Graphs for
the distribution of the summer and winter water use are shown in Figure 3 and Figure
4 (Heinrich, 2006).

Leaks Tap

3% 12%

Outdoor
22%

Shower
22%

Bathtub .
2% —

Dishwasher
1%

Washing
Toilet machine
17% 21%

Figure 3. Summer water end-uses from Kapiti.

Outdoor Leaks Tap

9% 4% 13%

Bathtub
3%

Dishwas her\.

1%

Shower
27%

Toilet
19%

Washing
Machine
24%

Figure 4. Winter water end-uses from Kapiti.

2.1.2 AWUS - Auckland

Having obtained a small number of households in Kapiti with end-use data in the WEEP
project, various Auckland water agencies, including Watercare, sought to undertake a
similar study with a larger sample based in Auckland. BRANZ was contracted to roll this
out as the Auckland Water Use Study (AWUS) with a total of 51 households selected.
Graphs for the distribution of the summer and winter water use are shown in Figure 5
and Figure 6. A detailed report was produced for Watercare and the six local network
operators, and a summary and discussion of the study was given to the SB10
Conference in Wellington (Roberti, 2010).

7
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Leaks Tap

OUTDOOR  26% _ j9¢;

Shower

26 4%
Bathtub 26.4%
1.4% —

Dishwasher,
1.4%
Toilet
16.7%

Washing
machine
21.3%

Figure 5. Summer water end-uses from Auckland.

Misc  Outdoor Leaks
Bathtub_0.4% g% 2.2%

1.7% ;Fap
Dish 15.6%
washer
1.3%

Toilet
17.5%

Washing

machine 32.8%
22.7% )

Figure 6. Winter water end-uses from Auckland.
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3. Methodology
3.1 Objectives

From the previous studies of water use in New Zealand, a number of issues were
identified.

Having measured water-use data alongside the characteristics of the home and
occupants is key to informing how water is being used in the residential sector. While
water supply authorities can readily install water meters and the associated data-
collection equipment at the property boundary, additional information on the property
(section size, size of garden, building footprint), the water-using appliances (numbers,
types) and the occupants (number of household members, ages, income) enriches the
data considerably but requires a specific data-collection process.

Currently, the number of households that have had water end-use monitoring has
been small with limited national representation. End-use studies have only been
undertaken in Kapiti (Heinrich, 2007) and Auckland (Roberti, 2010).

Having water data recorded at multiple times per day for extended periods of time
allows usage patterns to be examined such as the nature of overnight usage or the
differences between weekday and weekend usage.

These studies have highlighted the importance of outdoor irrigation, but the
measurement approach for both studies was to only take a snapshot view of water use
in @ summer period and a winter period. The understanding of outdoor irrigation would
benefit from longer periods of monitoring where the duration of the watering session
could be examined for a range of households.

The role and nature of non-useful water-use events (leaks) within homes is not well
understood. These can take many forms — background low-volume events,
progressively increasing events, which may take time to be noticed, or high-volume
events following significant breakage of pipes, which may not be readily apparent.

3.2 Study approach

Collecting measurement data from houses is a long and expensive process. There is a
persistent trade-off between the level of information collected about a single household
and the number of households than can be included within the study. More information
can always be collected from an individual household with more equipment, longer
occupant surveys or detailed inspections from assessors, but this will limit how many
households this could be applied to. Conversely, if a very large sample is used, only
broad measures of water use and occupant characteristics can be considered and the
findings will be more non-specific.

To deal with these scale issues, this project sought to have a multi-level approach. A
large representative household survey would be matched to council metered water-use
data. This large sample was not a focus for the project, and with the difficulty in
obtaining consistent water-use data, this level of the project did not proceed. A smaller
sample would use the survey information alongside daily metering that would be
installed, and a targeted sample would use the survey information alongside high-
resolution metering (recording changes of volumes of less than 30 mL) collected at
very short intervals (10 seconds) to allow for end-use estimates to be made.

9
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A large cost for measurement projects is the instrumentation and data collection
associated with them. Often, a limiting factor for the reuse of the equipment is that
various meters or sensors need to be installed by specialists
(plumbers/electricians/gasfitters) and is generally time consuming.

This project was a departure for BRANZ in that it sought to partner with water supply
authorities who would purchase appropriate metering and engage with a data provider
who would supply water-use data from these meters that would then be shared with
BRANZ. BRANZ would combine the data, provide feedback to the water supply
authorities and provide a collective report.

Having the water supply authorities provide the metering was intended to share the
costs of the project but would also provide the water supply authorities with equipment
that they would be able to reuse or redeploy as they saw fit.

Unfortunately, this approach proved to be problematic and had major ramifications.
This caused much effort to be redirected into equipment management and data
cleaning. This resulted in major variations to the scope of the project. In order to
provide more insights into water use, rather than detail what went wrong within the
project, the narrative of project issues encountered is provided in Appendix B rather
than within the main body of this report.

A detailed high-resolution sample of around 300 households was desired. The
population proportions of each water supply authority were considered, and
appropriate sample size breakdowns for each region determined, as shown in Table 1.

Table 1. Regional breakdown for the intended water-use sample (sample size),
surveys returned (surveyed), houses instrumented with high-resolution meters
(instrumented) and those that provided some reliable data (with data).

Region Sasrigzle Surveyed Instrumented | With data
Auckland 86 98 26 26
Canterbury 47 25 11 9
Wellington 39 71 6 4
Waikato 31 17 3 2
Bay of Plenty 21 42 12 10
Otago 15 4 2 2
Hawke’s Bay 11 0 0 0
Nelson/Tasman/Marlborough 10 8 0 0
Manawatu/Whanganui 9 29 7 7
Taranaki 8 23 11 2
Northland 7 16 4
Southland 6 2 1 0
Gisborne 3 6 0
West Coast 3 0 0 0
Overall 296 341 86 66

An additional 300 households were intended to be included in a companion sample

that would use water data on a daily basis. The collection of daily data by the main

data provider was not successful, and while some data was available from the other
data providers, this level of the project was not investigated further.

10



Study Report SR469 Residential water use in New Zealand

3.3 Sample selection

The selection of houses was completed in conjunction with the local water supply
authority. Information on the participation rates is not available as only successful
participation details were collected.

Surveys were completed from households within a total of 29 of the 65 water supply
authorities. A regional breakdown of this is shown in Table 1. Some of those surveyed
intended to participate in the daily metering sample, thus the total number surveyed
exceeds the desired sample size.

Where the selection only involved a few households, an ad hoc selection process may
sometimes have been applied. For example, as new metering had to be installed at the
site, households were sometimes selected from those properties for which pipes or
metering were being replaced. Alternatively, some households may have come to the
attention of the water supply authority for other reasons such as concern about their
water use.

A survey form was sent to the household to self-complete and return. The survey
covered a broad range of topics. It looked to identify how much water the household
used and the water-using appliances (toilets, showerheads, baths, taps, washing
machines, hot water systems and dishwashers) within the home, identifying some of
their important characteristics. The survey also asked questions regarding the size of
the property and the areas taken up by the house and garden as well as how the
outdoor areas were irrigated. Basic demographic questions were asked for the
occupants of the home as well as the ownership status and household income. The
survey forms used are shown in Appendix C.

As the survey was self-completed, the quality of the replies varied. Many questions
were not answered as intended, and many parts of questions were skipped over. The
first question of the survey asked householders to estimate how much water they
thought their household uses each day and how this estimate was made, and provided
six lines for an answer. This could seem quite intimidating to a general respondent
with the large amount of space suggesting that a thorough answer was required. For
areas where water metering was undertaken, this was often completed with
information from the rates/water invoice with little discussion. For areas where there
was no water metering, the answers were more varied. Some made estimates that
were quite unrealistic, and often the question was not answered. Previous surveys of
attitudes to water use suggest that New Zealanders do not have a sense of how much
overall water they use or which uses are important (Ministry for the Environment,
2009).

From the surveyed households, 86 households were instrumented for high-resolution
water metering. Many of the remaining survey households instrumented for daily water
metering did not participate further in the study (see Table 1 for a regional breakdown
of these instrumented households).

A number of issues from the instrumented houses meant that data from only 66
houses was able to be used for this report. Again, a regional breakdown of these
households is shown in Table 1.

While it was intended to have all of the houses with survey data complete the survey,
a number of the households for which high-resolution water metering took place did
not complete the occupant survey or could not be matched to a survey response.
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Overall, 57 households completed both the survey and had high-resolution water
metering undertaken on their homes (Figure 7).

As the study looks to relate water use to surveyed factors, the survey analysis for this
report is restricted to the 57 households that also had water-use data available.

Did not participate
Surveyed

Surveyed with hi-res metering

Figure 7. Map showing the council areas participating in this study. The purple areas
show the councils that included the installation of high-resolution water metering
while those in blue involved surveying only.

The data from the surveys was entered into Microsoft Excel using a flat structure.
Responses for some questions that expressed a range for a value were imputed with
the mid-point of the range to allow for quantitative analysis to be undertaken. For
example, a range was often provided for the number of showers taken per week.

The responses for certain questions also included a variety of units even if a single unit
was requested. For example, the sec