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This paper is an online publication whidpdates the original version from August
2005. This version is updated using respondeedback and more recent research
findings.

Though the whole paper has been rewisitige following sections have undergone
significant revision: The Ipact of Conservation @ipns, Significant Reduction
Measures, Very Low Flush Toilets, Rairnea Collection, Grey Water Recycling,

Dishwashers, New Homes, and tbenclusion has also been updated.

ABSTRACT

Demand pressure on UK water supplies is expected to increase in the next 20 years
driven by increasing population, new hogsidevelopment and reducing household
size. Regionally and at town level migration will also affect demand particularly in
the South-East which is forecast to havearger than average growth in population
and house building.
The water demand moderating trends that ansidered to have the greatest effect on
UK consumption, in approximate order, are:

1. Metering

2. Low flush toilets

3. Normal showers

4. Efficient washing machines

5. Dishwashers

6. Cistern displacement devices (in existing homes with large cisterns)

7. Water efficient gardening measures @éay an important role in reducing

demand during critical drought periods.
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INTRODUCTION

The aim of this document is to reviewdacompare domestic water reduction options
with a specific focus on the UK. The rangecohservation devicesonsidered in this
report includes water efficiency, sufficignesubstitution, and reuse options. As well
as examining the effectiveness of each waéeing option this report also considers
the future uptake and effect on UK domestic consumption.

In the post-war period there has been adrm the UK of increasing domestic water
consumption both in per capit@and absolute terms. The main drivers of water
demand are increasing population, housgéhmimbers and reducing household size.
Additionally lifestyle factors related tgersonal habit and affluence are also
influential. Faced with fine water resources and the need to satisfy the requirements
of the water-shed the water sector nowcpares demand-side management as the
favoured strategy for managing water needs (UKWIR/EA, 1997).

Though demand reduction is generally deseaatross the whole of the UK it is the
south-eastern regions which have the gitaheed. The two reasons for this are
limited water resources and increasing hogiginessure. Water, resources are not
evenly distributed across the UK and theuth-Eastern regiongceive some of the
lowest rainfall in the country as well g®ossessing stretched abstraction resources
(Westcott and ODPM, 2003). Drought regtdns seen in 2005 have also occurred in
2006 during which six southern water comiganinstigated hosgge and sprinkler
bans before the onset of summer, fofethem on a company-wide basis (OFWAT,
2006). Compounding this are tfects that these regiorae also highly populated
and that housing demand is expected toeiase at a rate abotlee national average

over the next two decades (see table 1).



According to theGovernment Actuary’s Departme(®2004) the UK population is
forecast to increase by approximately 200,000 every year till about 2025. It is
estimated that half of this increas®@1000 people per year) will be driven by natural
change (the rate of birthsihg greater than deaths) whiltsie other halfs accounted

for by net migration (immigratiobeing larger than emigration).

The UK government intends to satisfy himgsneed by stimulating building in the
regions; theThames Gatewasgind M11 corridor proposals are examples. Over the
next two decades the East, South East bondon Government Office Regions are
expected to undergo a collective inceeas population of over 2 million people
(National-Statistics-Oftie, 2003). Though already amongst the most populous
regions in England, their percentage popafaincrease will be above the national

average (see table 1).

Table 1. Population projections for the English Government Office Regions
Government 2005 Population | 2021 Population | Percentage Absolute
Office Region (000’s) (000’s) change change (000’s)

North East 2,531.9 2,505.4 -1.0% -26.5

North West 6,820.1 7,030.8 3.1% 210.7

Yorkshire and 5,035.9 5,281.8 4.9% 245.9

The Humber

East Midlands 4,297.6 4,662.2 8.5% 364.6

West Midlands 5,341.8 5,578.7 4.4% 236.9

East 5,535.2 6,139.0 10.9% 603.8

London 7,475.8 8,244.8 10.3% 769.0

South East 8,166.0 8,910.4 9.1% 744.4

South West 5,063.9 5,600.7 10.6% 536.8

England Total 50,268.2 53,953.8 7.3% 3,685.6

NB. These projections are 2003 baghdtional-Statistics-Office, 2003)

Over the next twenty years the total numbthomes in the UK will have to increase
not only because of population enlargeimbat also to support the trend towards
smaller household size. Holsdd projections into the 2020iadicate that the East,
South East, London and South West will ungdethe largest absolute and relative
increases, see table 2. In these fograms approximately 2.5 million new homes are

forecast, an increase in housing stock of over 20%.



Interestingly the percentage increasen@w housing across England (18.2%) is far
larger than the population increase (7.3P@ever the total number of new houses is
about equal to the increase in population (approximately 3.7 million). This
equivalence reflects the fact that the migjoof new housingwill be for single
occupants. The average household size in England will reduce by nearly 10% from
approximately 2.42 to 2.20 persons between 2005 and 2021.

This increase in population and household8 impact water consumption. The
concentration of housing activity in theuth and east of England and the lack of
water resources mean that these regions tieveost urgent need for water reduction

measures.

Table 2. Household projection to 2021 for the English Government Office Regions

Government 2001 Household | 2021 Household | Percentage| Absolute
Office Region Estimate (000’s) | Projection (000’s) change | change (000’s)
North East 1,073 1,132 5.5% 59
North West 2,822 3,131 10.9% 309
Yorkshire and
The Humber 2,085 2,341 12.3% 256
East Midlands 1,735 2,052 18.3% 317
West Midlands 2,158 2,445 13.3% 287
South West 2,098 2,549 21.5% 451
East 2,259 2,750 21.7% 491
London 3,170 4,097 29.2% 927
South East 3,348 4,025 20.2% 677
England Total 20,750 24,522 18.2% 3,772

(ODPM, 2002)



THE IMPACT OF CONSERVATION OPTIONS

This analysis is intended to give an itation as to which conservation options will
have the greatest effaotmoderating domestic watdemand across¢hUK. Though
domestic consumption is likely to rise time medium term, conservation options still
play an important role in reducing the rate of increase.

The comparison considers the conservatmopact of each option on old and new
homes separately; this has been doseabse the household make up, water saving
features and regulation diffesignificantly between the tw Projected numbers of
new build and old housing stock are shown in table 3.

Table 3. Household projections forddand in 2021 Ased on 2001 baseline

New Build Homes Existing housing stock Existing housing stock
(built between 2001 - 2020) 1-2 Occupancy 3+ Occupancy

Will comprise around 18% of
households in Englahd
(>20% in the south eastern
regions)

Reduced from about 64% td Reduction from about 35%
52% of households in to 29% of households in
England England

(ODPM, 2002)

In this review water conservation optioae assessed from the point of view of UK
implementation, particularly with respect ttimate, national norms and practices.
The uptake and success of water congemwehave been asseed on a number of
factors:

1. Absolute and relative water reduction

2. Cost and ease of implementation and operation

3. Acceptability (social, legal, health)
The concept of ‘Water Demand ReductiontdPdial’ relates to the ability of a
conservation option to reduce consumptioraorational basis; shown in the tabulated
results in table 4. This h&een estimated as the prodatthe likely national uptake

of the device and its water saving performance compared to standard UK appliances



and practices. Thus for a water devicesitgnificantly reduce national water demand

it must save water and also be adoptea Isygnificant proportion of UK households.
Expected uptake has been estimated fijylyang a trend analysis based on current
popularity and considering the factors thaduld affect prevalence in existing and
new build homes (e.g. some options like water meters are mandatory in all new build
homes).

This analysis involved extending current uptake trends and does not factor-in
unforeseen or paradigm-shifting ocamces (e.g. consecutiwears of drought,
radical legislation). Theeduction effect estimation isased on current behaviour
norms and does not consider the effeactlmdnging household numbers or changes in
behaviour (e.g. moredguent showering).

Table 5 provides details of how device wataving estimations, used in table 4, were

calculated.



Table 4. Expected demand reduction effectwatier efficiency options based on their

performance and likely uptake inméuild and existing housing stock

Likely uptake by 2025

Approximate
Reduction in per

te

. Water
Current status person consumption
. . - : Demand
Option and uptake New Build Existing in a home compared .
factors Homes Homes to 2001 standard Reduct!on
: Potential
appliance
(Litres/person/day)
28% of householdg
Metering 2006/07 All Half /Most 15 Major
(regional variation)
. Regulatory
6 I|tre_ Flush standard since All Half 10 Moderate
Toilet
1999
Typical in new
Normal Flow homes though
power-showers areg Half-Most? | Some-Half 12-20 Moderate
Showers .
also becoming
more popular
Efficient >90% of
clothgs housgholds haye § Most Most 5 Moderate
washing washing machine
machines | (~8 year life cycle)
Dishwashers Lowpenetration Few-Some?  Some-Half 4-7 Moderal
Cistern
d|splac_ement Inexpens!ve and Not Fitted Some-Half 4 Moderate
device easy to install
(e.g. hippo)
Reduped flow| Very low Cl_Jrrent Few-Some Few 6 Small
basin taps penetration
Water Butts Penetration hard tg
(outdoor Some-Half | Some-Half ~2.4 Small
assess
water use)
Water A feature in future
Efficient Few-Some?| Few-SomepP ~4.5 Small
new homes?
Gardens
Relatively
Grey water expensive and Very Few- - _
Recycling complicated to Few? Negligible 5 very Small
implement
Rainwater Relatively
Collection expensive and Very Few- . _
(indoor water complicated to Few? Negligible & vengSmall
use) implement

Assuming 2001 frequency of use for each appliance
NB. Few ~ 10%, Some ~ 25%Half ~ 50%, Most ~ 75%

Table 5 explains how demand reductiofuesa in Table 4 were calculated.



Estimated Per Capita Water Savings

Table 5. Estimations of per capita water agsifor domestic water efficiency options

Estimated reduction in per
Option Comparedto person consumption in a
home (Litres/person/day)
4/2 litre Dual Flush Toilet Standard Toilet 20
. Non-metered average
Household Metering household demand 15°
6 litre Flush Toilet Standard Toilet 10
Normal Flow Shower Standard Bath 20
Normal Flow Shower Power shower 12
Full size Dishwashers Hand dishwashing ¢ 7
Reduced flow basin taps Normal basin taps G
Efficient clothes washing Standard efficiency 59
machines washing machine
Mini Dishwashers Hand dishwashing "4
Cistern displacement device Standard Toilet 4
Water Efficient Gardens Typical garden water ~4.3
usage (averaged over year)
Water Butts Typical garden water ~2.4
usage (averaged over year)
Grey Water Recycling Average per capita ~75
consumption
Rainwater Collection Average per capita ~75"
consumption (averaged over year)

@ Based on a 4/2 dual flush toilet (assuming 3 litrerage) compared to an estimated average cistern
size of 8.4 litres for South and Eastern Englangd@l and a flushing frequency of 4.2 times per day
(Herrington 1996)WRc(2006) estimated averaggstern size as 9.4 litres.
® From National Water Metering Tria{OFWAT 2000), figure based on a 10% reduction on average
2001 per capita unmeaaed consumption, see Metering section
¢ Figure based on a 6 non-dual flush toilet compared to an estimated average cistern size of 8.4 litres for
South and Eastern England in 2001 and a flushing frequency of 4.2 times per day (Herrington 1996).
d Comparison between a 5 minute 9.5kW standard shower using 4.6 litre/minute, a 5 minute power
shower using 10 litre/minute, and a standard batfiOofitres Environment Agency (2001j) figures.
The reduction figure represents the average daily saving that would occur if a 5 minute normal shower
were taken, instead of a power shower or bath, once every two days. A five minute standard shower
uses approximately 25 litres of tea, a power shower 50 litres.
® Dishwasher saving based on Stamminger et aQ4R8ssuming 4 washes of 20 litres compared with
20 handwashes per week of 10 litrathvan average household occupancy of 2.5
" Based orBREEcohomedigures, 12 uses per person per day, 1 litre flow for normal taps and 0.5 litre
for reduced flow taps.
9 Comparison betweeBRE Ecohomesvolume figure of 40 litres for a high efficiency washing
machine and 60 litres for a standard machine,iftgon (1996) frequency of use (4.3 per household
Eer week) in 2001and average household occupancy of 2.5 people per home (OFWAT, 2007).

Mini Dishwasher saving based on assumptiod afashes of 10 litres compared with 7 handwashes
per week of 10 litres for a single occupant home
" Assuming 1 litre displacement and an average thilshing frequency of 4.2 times per day in 2001
(Herrington 1996). Not#VRcfigures suggest a flushing frequency of 4.5 per person per day.
' Roughly estimated as half of the combined Herrington (1996) annual averaged microcomponent
quantities for lawn sprinkling (4.3 litres/head/day ) and ‘other garden use’ (4.8 litre/head/day) in 2001.
¥ Estimated as half the Herringt¢t996) annual averaged value o8 4itre/head/day for ‘other garden
use’ in 2001.
' Based on 50% reduction of 2001 per capita potable water demand, see Greywater Recycling sectio
™ Based on 50% reduction of 2001 per capita potable water demand, see Rainwater Coltkction an
Greenroof sections.



Significant Demand Reduction Measures

The tabulated results for each consgora option are shown in table 4. The

following conservation methods appear tothe most promising means of reducing,

or moderating, domestic water demand over the next 20 years.

Metering; the trend towards metering will continue, perhaps given impetus by
the increase in smaller occupancy households which stand to benefit
financially and default meter stallation in new build houses

Normal flow showers and low flush toitet These may be critical in the south-
east of England where subsiahtievelopment is expected.

Efficient clothes washing machines; the replacement of existing appliances

will increase the penetration of more efficient machines.

These options may also be significant, though their uptake and effect is less certain:

Toilet displacement devices (commonly called a ‘hippo’) are inexpensive and
easy to install. These devices are Iseted for installation in larger cisterns
which means they are only applicable in existing homes.

Dishwashing machines deliver greategiter savings in higher occupancy
homes. New homes, typified by small®usehold occupancies, will probably
realise smaller demand reductions by using mini models.

Water efficient garden practices; thouggrden usage is a small component of
annual domestic water demand thisage peaks during the warm summer
months. Garden efficiency measures can play a role in reducing demand

during critical drought periods.



A SIMPLISTIC ESTIMATION OF CONSUMPTION
CHANGE

This calculation estimates the impact on UK domestic consumption solely from
population and household building forecassuasing that current consumption habits
remain unchanged. This analysis givesmalicative figure for the possible change in
total domestic water consumption between 2001 and 2021.

According to theGovernment Actuary’s Departme(®2004) the UK population is
forecast to increase by approximat@@0,000 every year to about 2025. Housing
stock will grow at a faster rate, irm&sing by about 20% by the mid 2020’s (ODPM,
2002). This analysis congs the two major consumption groups; new build homes
and existing homes (termed ‘older’ homes).

Older Homes

Older homes are defined as those that werexistence before 2001. As the great
majority of new homes will be singleccupant the average household size in older
homes will be higher, and possibly constant.

There are opposing consumption pressures on older homes. Increasing water meter
penetration and improving appliances acteéduce consumption in homes; however
this is counter-balanced by the historit@nd of increasing consumption. Also the
total number of older (pr2001) homes decreases witime as they are either
knocked down or converted into new homéshis estimation assumes that the total
consumption of older homes will remain near constant.

New Homes

New build homes can be expected on avetagee more water efficient than older
housing for a particular occupancy (seeeviN Housing’ sectin) because of new

appliances and regulation.



As the great majority of new homes will be single occupant this estimation assumes
that all new homes will be single occupdgénerally the groupvith the highest per
capita consumption).
Assuming that single occupant households currently use 180 litres/person/day (a)
UK average consumption is appimmately 150 litres/person/day (b)
Increase in homes (the majority of i will be single occupancy) = 18% (c)
[see table 2]
Water efficiency factor of new homes (pamed to existing stock) ~ 0.8 (or 80%) (d)
[see ‘New Housing’ section for more details]
Proportion changein total domestic consumption ~ (a/b)*c*d = +17%
Net Effect
This simple estimation suggests that talemestic water comsnption will increase
by approximately 17% between 2001 and 20Zhis is driven mainly by the increase
in new homes (which on average havevde occupants and thus exhibit higher
average per capita consumption). Howevés tloes not factor ichanges in habit
and lifestyle that affect consumption hHawiour and also assumes that the total
consumption of established homes will remain the same.
Across the UK average household occupandy reduce and this is likely to have
two effects:

e Average per capita consumption will increase

e Average household consumption will decrease
This estimation does not take into account radical and unforeseen developments (e.g.
water price hikes, efficiency drives, sewadrought events @) which may, or may

not, lead to greater water efficiency.
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POLICY AND REGULATORY EFFECTS

Statutory and advisory guidelines that ufhce domestic water use act at various
levels, from watershed and waterngmany regulation down to plumbing and
appliance guidelines.
The Water Framework Directive was tsposed from EC law in 2003 and is
administered by th&nvironment Agencin England and Wales. A major theme of
this legislation is river basin managemenhere consumption activities in a supply
region are carried out in a manner thasusstainable and sensitive to the needs of
‘downstream’ stakeholders. Demand-sidenagement is implicit to the concept of
water-shed management and the legfmha signifies that the UK government
recognises that reducing per-capita cornsiion is an appropriate response to
satisfying future water needs.
The 2003 Parliamentary Water Act regulabessiness practices across the UK water
industry, which underwent privatisation in 198Bhe Act is notable in that it compels
water companies to:

1. Increase competition

2. Pursue sustainable water resources

3. Further water conservation

4. Pay more attention to consumer concerns
The role of water companies in the futurettod industry is critical, for the Act makes
them responsible for ensuring sustaieablperations and by extension managing
customer expectations and water behaviour.
In the UK DEFRA (Department for Environment, Food and Rural Affairs) issues
water supply regulations which regulate niestic water use. The regulations

encompass domestic water appliances and plumbing practices; for instance the 1999

11



regulations restrict all new toilet cisterns to a maximum volume of 6 litres. Another
form that water regulations take is ghleimbing and appliancguidance notes issued
through theWRASWater Regulations Advisory Scheme).

EcoHomess an environmental assessment method developed BRE€Building
Research Establishment Ltd) (2005). Thmevides guidance tassess the overall
sustainability of a house during developmamd accupation. Water efficiency is one

of the environmental measures of the assessment. The assessment is intended to
promote sustainable design and constomcti However the scheme is voluntary and
allows flexibility as to which criteriaare included in an assessment. Though the
EcoHomestandarddoes not compel developershuoild water conservative homes it
has been recognised as a leading initeafior sustainable housing practices by the
DCLG. In the consultation pap#?roposals for Introducing a Code for Sustainable
Homes’(DCLG, 2005) the holistiEcoHomesapproach to sustainability is advocated
as a compulsory housing standard. The glbaison paper also suggests an average of
125 litres/head/day as a per capita comgtion target for newly built homes,
compared with an average 2005 England and Wales consumption of 151
litres/head/day (OFWAT, 2006).

A parallel initiative is that of the Blyor of LondorOffice (2006) which has proposed

an essential water standard for new homeactoeve 110 litres per person per day in
its Draft Supplementary Planning GuidanceThis would be achieved in all new
housing through the installation of water eiéint devices and harvesting rainwater for

gardening purposes.

12



SOCIAL FACTORS

The phenomenon of varying water consumptiakes place in an arena of changing
socio-economic factors. The general inceeaSper capita water consumption in the
post-war period has been driven by antwer of social factors, notably:

¢ Increasing general standard of living and affluence

e Declining household occupancy

¢ Increasing population

e Generally ageing society
These factors affect water demand, but #itear affects changwith time. Society
can be viewed as a set of generatiogeups, each having a specific average
consumption at a particular point in timelhe affect of a particular generation’s
consumption at a specific point in time is a function of:

1. population size at that time

2. habits and attitudes (to water upedctised at the time of interest

100%
920% - 70+ yrs

80%
70%

60% - 44 - 56 yrs
50% -
40% | 31-43yrs

Population

30%

20%
10% 0-17yrs

0% 1 T T T T T T T T T
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Year

Figure 1. The projected age distribution of the UK population, 2000-2050 (Rees et al., 2005)
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UK society is forecast to become an ‘oldsociety driven by declining fertility and
decreasing mortality. Results from modadliwork carried out at Leeds University
are shown in figure 1.

Generational habits and attitudes involveiabtrends and people’s intrinsic needs,
which can increase or decrease demand. Social trends are the most complex of the
two elements involving the interacting efts of policy, economy, social values and
technological factors on popular habit&€ducation and informien initiatives are
significant elements, depending on their papty and efficacy. Social trends
influence decisions such as buying cars artivating gardens, and these items affect
domestic water use. Exampecial trend factors, sonfeom researchin Holland, are
shown in table 6. The long term course dfigbtrends and theeffects are difficult

to predict, but substantive data on tn&é®nds allow inferences to be drawn.

Table 6. Examples of Social Trend Factors (established and hypothetical)

Factor Effect
Increased affluence and standard of livjigcrease of water using appliances in the
in the post-war period home (numbers and type)

Women entering the labour market

(Wijst and Groot-Marcus, 1999) Women spend less time at home

Nutritional changes Changing food preparation methods and
(Wijst and Groot-Marcus, 1999) faecal composition.

Later Childbirth & fewer children Smaller households

Young people prefer showering to Showers generally use less water than
bathing (Achttienribbe, 1993) baths

Increase in multi-generational househo|ddharing of water for some purposes

Perceptions about public vea potability | Increasa bottled water sales

The effect of social trendsan be seen in historical cno-component data. In an
analysis of per-capita camsption for the South and East of the UK between 1976
and 1991 (Herrington, 1996) a numloé observations were made:

e WC water usage reduced fra@6.0 to 25.5 litres/person/day

14



e Personal washing (from 33.5 to 46.5 kifgerson/day) and clothes washing
(from 13.5 to 21.7 litres/person/day) remeted the majority increase in total
consumption

Between 1976 and 1991 per-capita consuonpincreased by 21%rom 121 to 147

litres per head per day). This significanaibe is driven by underlying social trends

e.g. the increase in shower and washing machine ownership and their more frequent
usage.

Intrinsic needs are significant for certagmoups of water users (e.g. the elderly,
disabled and households witthildren) in these casesater use is moderated or
dictated by practicabnd physiological regeements. Examples of intrinsic need
(from research in the NetHands) are shown in table 7.

Table 7. Examples of Intrinsic Needs

Intrinsic needs

Factor ExampleEffect
Physiological & Age Older people use the toilet more often
requirements (Achttienribbe, 1993)

Women bathe more often than men

Gender preferences (Achttienribbe, 1993)

Households with childrewash clothes more often
(Wijst and Groot-Marcus, 1999)

Domestic requirements

From a historical and social perspectiétades are significant factors that affect
water consumption. With regard to sacinfluences Sharp (2006) proposed three
dimensions of response that governs individual water use behaviour, these are;
passive or active disposition, motivation égher individual or common need, and
whether water is perceives a right or commodity.

New attitudes to water use will affect demandhie future, one possible social shift is
towards the ‘Soft Path’ (Pinkham, 1999) shoin table 8. This outlines a change in

paradigm regarding the role of waterarmgenerally more sustainable society.

15



Table 8. Paradigms of water use

Old Paradigm New Paradigm
Human waste is a nuisance Human waste is a resource
Stormwater is a nuisance dBtnwater is a resource
Build to (satisfy) demand Manage Demand
Use water once then discard Reuse & Reclamation
Grey infrastructure Green infrastructure
Centralisation Decentralisetteatment
Collaboration = Public Relations Collaboration = Engagement

(Pinkham, 1999)

An aspect of consumption behaviour tise popular conception of what water
represents; one view is ah people in the UK gendla consider water as a
commodity rather than a social andiveonmental resource (Strang, 2004) in
(Environment-Agency, 2004b). Moreover, bfic engagement in water reduction
maybe harder to achieve now that mypetistewardship of #hindustry has been
replaced by private ownership. Howeverardatic and effective reductions in water
consumption have been achieved in gtised water regions. Between 1991 and 2000
Copenhagen Energyhe water utility supplier to the Danish capital, affected a 20%

reduction in per capita consumption frd®d to 131 litres per day (Napstjert, 2002).
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DOMESTIC WATER REDUCTION OPTIONS

This section reviews each of the major retthn options which cabe applied in the

UK. The reduction optionsonisidered are listed below.

Metering Pagd7
Toilet Flush Volume Reduction Page 21
Very Low Flush Toilets Page 22
Waterless Toilet Technologies Page 23
Reduced Pressure Showers Page 23
Baths Page4
Rainwater Collection Page 25
Green Roofs Page 26
Grey Water Recycling Page 27
Washing Machines Page 29
Dishwashers Pag#l
Regulating Domestic Water Flow Page 32
Heating Systems Page 33
Water Conservative Gardening Page 34

Metering

Since April 2000 most customers in the UK have been able to ‘opt’ for a free water
meter (these household are often termedaiofst). Though optants have the right to
revert back to an unmeasured tariff within a year the meter remains installed.
Additionally all homes built since 1989 have water meters installed by default and
new occupants of a house with an installed water meter are not normally able to pay
for their water at an unmea®d rate (uSwitch, 2005).

During 2005-06 water meters were instaliadapproximately 28% of English and
Welsh homes (OFWAT 2006b) which has been achieved from a low base in the

middle 1990’s (see table 9). TRavironment Agenclgas set water meter penetration
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targets of between 60-90% of households by 2030, however there has been concern as
to whether water companies will be atdaneet this (Environment-Agency, 2003).

Table 9. Water meter take upEnglish and Welsh homes

Year % of households metered

1996/97 8

1997/98 11
1998/99 14
1999/00 17
2000/01 19
2001/02 21
2002/03 22

(Environment-Agency, 2003)

Characteristics of Metered Households
Households on metered tariffs are typicaipaller water consumers, during 2005/06

the average metered per capita conswnpitn England and Wales was reported by
OFWAT (2006a) as 136 litres per person per clampared to the unmetered figure of
151 litres. Metered homes also have a lower average occupancy in all English and
Welsh water companies; in the period 2005/06 the average occupancy of metered
homes was 2.1 people compared with 2.5 people for unmetered (OFWAT 2006a).
Research reviewed yKWIR (NERA, 2003) examined the propensity for consumers
to switch to metering and concludedtisuch households were typically:
e Motivated by financial gain fm metering (i.e. lower bills)
e Single or two person households; thesedpenore likely to swich than larger
households
e Faced by an increase in their unmeastnédeven if the expected gain from
metering was the same
e Detached households were found to roere likely to switch, even after

compensating for the effect of higher unmeasured bills
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There is evidence that meter uptake l@aselationship withwater conservation
awareness, for exampfouthern Watem the UK reported that metered customers
were significantly more likely to posse water butts and displacement devices
(Environment-Agency, 2004c). Metering ynalso encourage better water use
through a number of motivationaechanisms (Van Vugt, 1999):
e Altering the reward structure, suchathit becomes adwageous to reduce
water consumption
¢ Increased personal efficacy througk #bility to monitor consumption
e Paying for the amount of water usaihforces personal responsibility
e Metering promotes trust that others walso act responsibly i.e. what others
pay reflects their water responsibility
e If metering is considered a generallyrfecheme it may encourage other water

conservation initiatives

The Effect of Metering
Probably the best indication tife effect of universal metering in the UK is that of the

National Water Metering Trials The trials, which operated between April 1989 and
March 1993, involved the metering of 48,0pfbperties on the Isle of Wight and
comparing their consumption with thaff the largely unmetered population of
neighbouring Hampshire. The analysed results were publish&bimpern Water
Servicesin “Water Consumption on thelésof Wight 1988-1997” and reported by
OFWAT (2000). The results suggest thativersal metering could realise a 10%
reduction in annual average consumptione $tudy also identifak that metering had
reduced peak demand during warm periods by about 30% and the use of external

meters also contributed to adtection in distribution leakage.
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Metering has an important role in develagpiprice-elasticity in the domestic water
market. Similar demand reductions to tNational Water Metering Trialsvere
obtained from an analysis of consuroptimonitoring of several thousand households
in the UK between 1996 and 200MERA, 2003) which calcaked that the effect of
metering resulted in an average 9% reduncin consumption. This figure varied
between 2 and 14% depending on the voluimetharge; yielding a price elasticity
estimate of -0.14.

A survey of 1,000 Dutch families in the 1990’s found domestic price elasticity
difficult to correlate though its effect was not doubted (Achttienribbe, 1998).
Establishing and measuring elasticity in the short term is difficult because of the low
bulk cost of water compared to the ‘up-froost of water effiagnt investments (e.qg.

a new washing machine). In the longer ténere is an expectatn that elasticity will
take effect as appliance replacement leadgetrerally more efficient devices to be
preferentially purchased.

Once a meter is installed there is somelevce that water saving measures become
self-reinforcing withan observed 0.2% reduction gonsumption occurring each
month in a UK household survey: howeube longevity of this effect was not
established (NERA, 2003). Analysed talafrom eight consumption monitors
identified a downward trend in consunggtiover at least 36 months following meter
switching (Environment-Agency, 2004a)The analysis found no evidence for a
“bounce back” increase in consumption. Regay the pre-disposition of optants the
research identified a reduction in congiimn between 8 and 11 percent during the
two year period mceding switching.

As metering becomes more prevalent it is possible that it will be accompanied by a

general increase in economically-ground&dter consciousness. The reductions
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reported byUKWIR would probably take place in aenario of compulsory metering
(NERA, 2003). There is dger in expecting water wags practised by low users

who have pre-opted for metering to demonstrated across the whole population
under compulsory metering. However, ihwttary and late optant meter customers
should not be expected to become ‘worse’ water consumers than if they had remained
unmetered. On balance the evidence suggests that as a group they will exhibit
decreased water consumption motivated hgricial gain, though this effect is likely

to be widely divergenn uptake and practice.

South West Watehave reported that householdscently switching to metering
between 2003 and 2004 had demonsttatan average 15.2% reduction in
consumption (Lawrence, 2004). From OFWA2004) figures it is calculated that
during this period approximately 41% $buth West Water'silled households were
paying on a metered tariff. This demonstrates late switching households can still
effect significant reductions. Though their consumptiostilsgenerally greater than

the overall average for metered householdggssting that the laten household opts

for metering the smaller ¢hwater reduction it will demotrate after it has done so.

Toilet Flush Volume Reduction
Toilet flushing constitutes typically one-thiad the water use in a UK home. In the

past UK toilet cisterns have generallged 9 or 7.5 litres per flush, the 1999 Water
Regulation by-laws have limited all newlysialled cisterns to 6 litres (WRAS,
1999a) and 6 litre cistern toilets are nowneoon in new housing. There are also
toilets on the UK market which flush at below 6 litres. In addition ‘dual flush’ toilets
allow users to select a reduced flushwadl as full volume flush depending on the
material to be washed away, and these oreascan translate to a greater than 20%

reduction in daily water use (ironment-Agency, 2001i).
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Cistern displacement devices (e.g. “hippos” and household bricks) reduce the flush
volume. This simple measure has bedmeaded to reduce toilet water consumption

by 10-15%. However the efficiency of tlikeish is also reduced and it should be
verified that any consequedbuble flushing (caaed by an inabilityof the reduced

flush volume to clear the pan) doesn’t Igadincreased overall water consumption.
Also, installation should be checked tesare there is no leakage from the cistern.

Water can also be conserved with a delayed action inlet valve in the cistern.
Unmodified cisterns waste water unnecessas\they begin to refill during the flush
operation, thus more than the original votumf water is used. The delayed inlet
valve prevents this by starting the refill only after the flush operation has ceased.
Estimated savings per flush wighseven litre cistarare 1.4 litres &-bar pressure to

3.5 litres at 10-bar compared with unmoelficisterns (Environment-Agency, 2001i).

Very Low Flush Toilets

Though all new toilet cisterns must not exceed 6 litres, it is possible for toilets to
operate below this and smaller volume cisteare available on the UK market. The
Propelair toilet technology has deonstrated flushing atuch lower volumes by
employing pneumatic air pressure to assistfibish process. In prototype form it has
undergone trials at th&/Rc headquarters in Swindon and demonstrated effective
operation using 1.5 litres per flush (Butl@Q06). This volume is a quarter of the
current maximum cistern limit and approximately one sixth of the estimated average
UK flush volume (=9 litres) (WRc, 2006). terms of use the only major difference
between this toilet and normal toilets is ttre lid must be closed before flushing can

take place.
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Waterless Toilet Technologies
Waterless and vacuum toilets could reglaverage domestic water consumption by a

third (saving approximately 50 litres perrpen per day) by removing the need to use
water in a toilet. In terms of installati these are not economically competitive with
conventional toilets; an exception is in peri-urban and rural locations where
composting toilets are advantageous becasthe lack of sewage infrastructure.
Also, vacuum toilets are of a technical complexity that makes them impractical and
expensive for domestic housing.

Though usually associated with officesdapublic buildingsurinals do have the
potential to reduce domestic water conption. Traditional urinals with water
flushing must be installed correctly otheravthey may actually use more water than a
sit-down toilet (Environment-Agency, 2001g)Waterless urinals also exist with

various methods of water congative blockage and odour reduction.

Reduced Pressure Showers
Approximately 20% of UK domestic watds used for bathing and showering

(Environment-Agency, 2001j). Water usage in showers is very dependent on user
habit and preference. A ‘tygal’ shower session is esiated to use a third of the
water and energy as a bath howevermpawer-shower can usenore water in 5
minutes than a typical bath. Thus watéicient showering caibe achieved through
measures that reduce the showering time and water through put.

Thermostatic mixing valves enable preferveater temperatures to be selected more
swiftly than with separate hot and colgh$a The advantages are two fold; less water

is lost at the start when the temperature is being selected and a user is more likely to

stop the shower when applying shampoo.
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‘Water saver’ showers simulate the effedta power-shower but without the high
flow rate. This is achieved by creatingdi water droplets or by aerating the water
flow, these showers can operate at flowsaiebetween four and 9 litres per minute,
approximately half the consumption of a power-shower (Environment-Agency,
2001)).

The performance of various flow rate steyw/ is compared in table 10. Though all of
the non-power ratings use less water over 5 ragthan a standatzhth it should be
noted that showering moreften (particularly in a power shower’) may increase
overall consumption.

Table 10. Shower flow rates

. Ultra-low 7.2kW 9.5kW "Water "Power
Description : . " "
water use electric electric saver shower
Flow rate 1.5 I/min 3.5 1/min 4.6 I/min 4-10 I/min 12 + I/min
Limited Mains Mains
Application non- UK UK pressure pressure
PP household | domestic domestic water or water or
application pumped pumped
Usqally Better Power
- perceived as shower feel,
Comment | Atomising comfort
poor cold feet
than 7.2kw )
performance possible
Water use
for 5 minute| 7.5 litres 17.5 litres 23 litres 20-50 litres 75 litres
shower
% of
70-litre 11% 25% 32% 28-71% 107%
bath

(Environment-Agency, 2001))

Baths

Bath volumes depend on their shape and sikalern baths typidlg require at least
60 litres of water. Veryarge baths can rega over 300 litres and the Water Supply
act of 1999 requires that an int®n to install a bath of gater than 230 litres must be

notified to the water supply company (note: average daily water usage is

24



approximately 150 litres per person). Mfausage can also be generally reduced

through good bath insulati@s hot water “top ups” amot required as often.

Rainwater Collection
Collected rainwater can be employed fordmar purposes such as gardening and car

washing, it can also be used inside the &dor toilet flushingand clothes washing
(advantageously the softness of rainwater reduces detergenteneguis). It is
estimated that in Germany 50,000 domestiowater systems are installed annually
by commercial providers (Environment-Agency, 2006)

However the benefits of rainwater collection are limited by the following:

1. Rainwater collection and some of henefits are seasonally unmatched e.g.
the summer months of greatest needtlaegtimes when rainfall will be at their
lowest levels.

2. Water collection is determined by climate, roof size and storage capacity.

3. The microbial hazards present in rainwater limit its use within the home.

The simplest form of collection involves channelling rainwater from the roof via
guttering to water butts for storage. Thdlesded rainwater is only fit and available
for outdoor or use, however this argement has the following benefits:

1. The potential to reduce water cangption of a UK household by about 6
percent (Environment-Agency, 2001b)

2. Reduces the load on the storm water rthge system, with the potential to
increase ground water peradton and reduce storm flooding

Further reductions in conmption can be achieved by using rainwater for non-potable
indoor tasks; however this requires arioatated water management system and a

separate non-potable water supply systethe house (see Green Roofs section).

25



A recent example of rainwater harvesting in the UK isMiileennium Greerhousing
project; the overall winner of thEnvironment Agencyater Efficiency Award in
2003 (Environment-Agency, 2003a). This depenent of 24 homes is supplied with
non-potable rain water (for washing machirtedet flushing andyardening use) from
underground storage tanks. €Be storage tanks receivdlected rainwater and have
an 18 day supply capacity; if the tank vokibecomes low they are automatically
filled by potable mains water. The development also incorporates water efficient
devices such as shower units, dual flustet® and aerated tapsThis development
has reportedly shown a 50% reduction in mains water consumption.

The non-potability of rainwater is underlinbg analysis which has demonstrated that
coliform concentrations do not decrease siggntly during storage and may actually
increase. Poorly designed water tankseh&#een observed to develop coliform
concentrations greater than 24,000U3¢er 100ml (Diaper et al., 2001).

The UK Rainwater Harvesting Associaticemd Environment Agency2006) claim
that using rainwater forlanon-potable domestic applitans could reduce household
water consumption by around 50% (whicbrresponds with t performance of

Millennium Gree, with payback periods of diween 10-15 years” (UKRHA, 2004).

Green Roofs
Green roofs are an alternative form @inwater collection. They involve the

cultivation of roof based reed-beds whidlef rainwater, which can then be reused.
Green roofs offer a number of benefithich include; home insulation, storm water
management, sound reduction, air quality amckoclimate effects (Peck et al., 1999).
This technology can be takenstep further by coupling i a grey water treatment

system within the home to also recycle indaaiste water. Thigvolves pre-treating

grey water before filtering it through the roof reed-bed, the resulting water (made up
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of treated grey water an@inwater) has a lowurbidity and pdtogen count and is
suitable for non-potable indoor water use (Shirley-Smith, 2001). It is suggested that
this water be tinged with a green dye to help ensure that it is not confused with
potable water.

Compared to other water reduction measggregn roofs are elaborate and relatively
expensive, and are uncommon in the UK aspnt. For a grey water recycling green
roof the cost saving from reduced wadepply was estimated as £70 for a six person
household in 2001, approximately one-thirdtleé annual water bill (Shirley-Smith,

2001).

Grey Water Recycling

Reusing water from sinks, baths and shewsuld reduce domestic water usage by a
third (Environment-Agency, 2001c) and reseasciggests that less than 5% of total
domestic consumption need be of potable quality.

Recycled waste water (grey water) wouldimhabe used for tiket flushing, though it
can also be used in washing machinagiél cycles only) ad outdoor purposes (e.g.
car washing and non-edible plant watering)here is also the additional benefit of
reduced sewage volumes caused by the reduced through-put of water. Liu et al.
(2007) reports that a typical home prods enough grey watdéor the purpose of
toilet flushing.

Grey water requires treatment to be fiir non-potable re-use inside the home,
especially if stored for any length of tineefore use. The health risk is mainly
associated with faecal material carried avaétegr human washing, this risk increases
with household occupancy as the probabitfyan infected indiidual rises. Grey
water has been observed to contain up tbfaécal coliforms per 100 ml with the

potential to increase in number 048 hour period (Ron et al., 1999).
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The size of grey water storatgnk thus represents a traot-between health risk and
efficiency i.e. enlarging storage volume increases grey water re-use capacity but also
lengthens the average storage periodeceRt research suggests that smaller sized
storage capacities, with a grey water rejpsential of 60% oless may represent the

best re-use performance against watealityu arrangement (Liu et al, 2007). An
earlier study on grey waterosge considered a tank dfcubic metre (1,000 litre)
capacity to be adequate for a wide ramferousehold occupancies (Diaper et al.,
2001). A mismatch between grey water gt capacity and consumption will lead to
sub-optimal water saving, and the consuoptiabits of a household will affect this.

Table 11. Conceptual analysis of risk from grey water re-use

Lower Risk Intermediate Risk Higher Risk
Population Small populqtion Large population
(single family) (multi-occupancy)
No body contact Some contact Ingestion
Exposure (sub-surface (WC flushing, (drinking)
irrigation) bathing) 9
<1 Virus per sample >1 Virus per sample
Dose-Responsg <1 Bacteria per >10° Bacteria per
sample sample
Delay before Immediate re-use Re-used within Re-used within days
re-use hours

(Dixon et al., 1999)

Consideration of the risk analysis irbka 11 led the researchers to advocate grey
water re-use for toilet flushing withisingle family households without minimum
coliform regulation (Dixon et al., 1999). @mpared to communal re-use single family
application is more sociallgicceptable and has a lower llealsk however it is also
more costly to implement.

Commercial experimentation with grewater recycling h& occurred in the
Netherlands. The compatyydron Midden Nederlanthtended to develop an urban
area of 30,000 homes supplied with communal grey water (Environment-Agency,

2003) supplied from a treatment plant gaying coagulation and filtration. The
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project built initial housing wh separate drinking and grey water supply. To begin
with both of these supply systems wded with potable water, during which
connection errors were discovered. Durihg second phase treated non-potable grey
water was supplied, but it was then disagede“that a few connections were mixed

up” (sic) and that some people had beenstigg grey water over a number of weeks.
Additionally in 2000 a virusNorovirug was detected in the grey water supply.

The project came to the conclusion that these errors and mishaps were inevitable and
that the cost of ensuring acceptable biatagsafety would make grey water supply
unfeasible. The project came to an end and the Dutch government has since banned
piped grey water distribution.

The complicated plumbing and the variabilifywater use make grey water cascading
unrealistic compared to cheaper and easiep#&yate reduction alternatives. Terpstra
suggests that this scheme is probably measible in an apartment block or district

scale, achieving economies of sc#dr treatment and storage.

Washing Machines
In the UK washing machines use approximately 14% of domestic water

(Environment-Agency, 2001a). These appd@s have achievea high penetration

with a machine present in 93% of UK holskls in 2002 (National-Statistics-Office,
2002). The historical performance of a l@taf washing machine is shown in figure

2, the values suggest that almost a twadth@duction in waterequirement has been
achieved over the last 3 decades with modern machines using less than 50 litres per
wash (note: average per capita constmnp is 150 litres/person/day). Water
regulation during the 1970’s ddeen identified as a dew for appliance reduction

innovation (Grant, 2002). Currently England and Wales the 1999 Water Supply
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Regulations limits all new horizontal axis stang machines to Zitres per kilogram

of wash load (WRAS, 2001).
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Figure 2. Water used Boschwashing machines for 5kg hot wash (Grant, 2002)

The uptake of more efficient washing machines is dependenthe “appliance”
lifetime (estimated at 8 years for washimgchines) which is the average number of
years of appliance use before replacemerCurrently the cost saving made by
switching prematurely to a water effieit washing machine does not cover the
purchase cost.

It should be noted thatdditional water savings being ldeved by new models of
machine are tailing off. Efficiency ialso dependent on good habit, for example
running a washing machine at full load&ood water habits maybe most effectively
encouraged through educational andremmic means (e.g. water metered price-

elasticity).
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Dishwashers
Properly used, dishwashing machines areemmater efficient and can wash more

effectively than hand washing. Reseacearied out by Stammingest al. (2004) at
Bonn Universityreported by théMarket Transformation Programme (200&)ggest
that dishwashers consume less water than hand washing when washing more than 4
place settings (of 12 items). The study estadahat dishwasher’s used 20 litres of
water for each wash and that hand waslymgcally used over three times as much
water to clean a full dishwasher load. Aduhally, a very wide range of water usage
was observed in the study group during hdisthwashing, in some cases using more
than ten times the amount of water used by the dishwashing machine.

The MTProg (Market Transformation Pragnme, 2006) comparison of hand and
machine dishwashing backs the findingé Stamminger and recommends the
increased uptake of dishwashers to desgeaater consumption. In its comparison
study MTProg suggests that in the UK typigadround 63 litres of water is used to
wash 140 items by hand, dishwashers recatirmost 20 litregrepresenting a water
saving of nearly 70%)Moreover water saving increzseven further (to around 85-
90%) when compared to washingder a running tap (~150 litres).

As dishwashing machines usually use a fixed volume of water regardless of the
amount of washing, unlike hand washing, they atrtheir most efficient when loaded
full. However the Market Transformation Programme identified the following
barriers to take up: appliance cost, péred consumer doubts about water and energy
efficiency, and availale space in the home.

The potential for dishwashers to reduceltdtamestic demand is constrained by their
low penetration, 28% of all UK householitis2002 (National-Statistics-Office, 2002)
and estimated more recently by MTPR@P06b) at “around 27% of households”

compared with approximately 50% in Gemgaand the Netherlands. The slow rate of
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dishwasher take up suggests that they alikalyto be a significant demand factor in
the medium term.

It is hard to determine how popular distsliang machines will be amongst new home
occupants the majority of whom will bengile or two occupast(and likely have a
lower daily washing quota) and may also lalek& space to fit the appliance. Smaller
dishwashing machines are available (dawra capacity of 4 place settings) though
they tend to be less water efficient thatl Bize machines they still remain more

efficient than typical hand washing.

Regulating Domestic Water Flow
There are some advantages to regulatinggmiow (i.e. limiting the maximum flow

rate in water supply pipes). The benefits depend on the usage and the water-
responsibility of the user, for example flow regulation to showers will probably
reduce consumption, whilst for baths thisllwmot be the case. Generally flow
regulation is most beneficiah areas of high water pressuor in habitations with

poor water use habits; though the Environtmegency has considered figures of 25-
30% reduction in tap water rylae overly optimistic (2001f).

Leak detectors reduce water loss durimgleak and ordinarily will not reduce
household consumption. The detectors wayrknonitoring water flow in pipes; when

a flow begins a timer is started, if the fla@ntinues past a set time the flow is cut off.

Heating Systems
Water and energy efficiencies are oftsymbiotic because heating and plumbing

systems are interconnected. Fairly simpkating efficiency échniques can also

reduce water wastage, this includes;
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¢ minimising the length of hawater pipes between theipts of heating and use
will reduce the amount of water drawff whilst waiting for warm water (the
‘dead-leq’)
e hot water pipes should be placed above cold ones to reduce heat transference
e insulating long pipes prevents heat loss
Mains pressure heating tends to use more water than gravity fed systems because of
their higher flow rate. In areas diigh mains pressure architectural advice
recommends the fitting of pressure redigcivalves to reduce flow (WRAS, 1999a).
Appropriate mains pressure systems @eliver efficiency savings, see table 12.

Table 12. Mains pressure heating efficiency measures

Measure Water saving Other advantages
Small-bore pipes Reduced dead-leg pgaun hot (or cold) more quickly
Tap aerators lllusion of more flow Eliminates splashing

rLess than a bath Feels like a power-shower due to

Low water-use showe
water pressure

Reduces waste wherFlow to each outlet is balanced,

Flow regulation taps left running shower temperature stabilised

(Environment-Agency, 2001k)

These improvements will be most prevalent in some new build homes as it is
economically more advantageous to fit thésgng the building o& home rather than

to retro-fit into an existing home. It gossible that some of these efficiencies may

become mandatory in the future, which would affect subsequent home building.
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Water Conservative Gardening
In the UK the proportion of water used fgarden watering is relatively small, the

Market Transformation Programme (2007}ireates that 4% of annual total UK
domestic demand is used for outdoor purposesthe UK wide regional variations
exist in garden water use in part calibg regional differences in rainfall.

In the UK during non-drought yeagarden use is not a priority to address. However
garden reduction measures have a significantribution to make&luring dry periods,
when garden watering usually becomes npevalent. In the UK the proportion of
water used for garden purposes has eenvn to approach 50% of domestic uptake
during the driest months (Environment&wgy, 2001b) - at a time when it should be
used be to satisfy more necessary needs and to prevent drought.

Water efficient gardening seeks to create or enlarge low water use zones in a garden
(see table 13), ‘xeriscapings the ultimate practise dhis where drought resistant
plants are selected on the basis of rthrmmpatibility to the local climate and
environment.

Table 13. Water efficient garden measures

Measure Comment

Plant selection Choose plants that cawise short periods of heat and drought

Tilling and adjusting ta pH of the soil teencourage deep roots

Soil improvement and optimum growing conditions

Lawn maintenance Mowing tall and freaputly, proper nitrogen fertilisation

Mulching Conserves soil moisture

Use soaker or drip irrigation; most effectively done early in|the

Irrigation : , -
morning or in the evening

Shade and hard

surface reduction These reduce ‘hot spots’ leading to increased water evapornation

Ensuring plant health, judmiis pruning and refraining from

Maintenance fertilizing during drought periods

(Schrock, 1999)
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NEW HOMES

Newly built homes are more sustainable donstruct and inHat than previous
generations of housing stock. This Hmeen driven by modern regulation, housing
innovation and market factors; for examplenew houses in the UK are now metered

by default.

All new build homes are subject to currardter regulation (e.g. i&re toilet cisterns)

and their expected water efiency can be estimatedhawvn in table 14. Moreover,

by applying optimum water saving optionse(itoilet, shower, bath, washing machine
and dish washer) the likely performanceaoivater efficient new build house can be
estimated, this is also shown in table 14. The water efficient figure suggests that a
further 25% reduction in water consunggptican be achieved without significantly

affecting water use habits.

Table 14. Household water usearslard versus water efficient

Water use Water Efficient New Standard
Componenf' Standard New Build Build Vs Water
Efficient
Volume Per capita | Volume Per capita | Water use
per use | consumption| per use | consumption| reduction
(litres) (I/h/dy* 3 (litres) (I/h/dy*® %
Toilet 6 28 17 39
Shower 45 25 30 17 32
Bath 85 30 80 28 7
Taps (Internal - 12 - 107? 177
Washing 60 13 40 9 31
machine
Dishwasher 20 8 15 6 25
Garden - 6 - 57 17
Overall
Sub-total * - 122 - 92 2504
(I/person/day) reduction

'Component ownership levels are assumed constant for all types of new build

“Assumed average household occupancy of 2.5

3Frequency of use assumptions developed frors¢@nario approach to water demand forecasting
(Environment Agency, 2001)

“Excludes other non-specific uses that collectively may approximate to an additional 20 I/h/d
°Rainwater collection or grey water recyclingud halve toilet and garden water consumption,
resulting in 81 litre/person/day

(Environment-Agency, 2003)
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Innovative housing development centred ostamable design can deliver impressive
efficiencies. BedZED(Beddington Zero Energy Delepment) in South London is a
housing development which employs numeraificiency measures including 4/2
litres dual flush toilets, recycled rainwater toilet flushing, and leading efficiency
washing machines amongsthets. Figures published bBioRegional (Lazarus,
2003) suggest that total per average pertaapater demand is in the region of 91
litres per person per day. This performance is even more impressive when the
component of collected rainwater water, estied at 15 litres per person per day, is
subtracted which yields an average pegriteapotable demand of 76 litres per day.
Moreover this 50% reduction on averad& potable consumption may have been
achieved with no requirement on the partBefdZEDoccupants to alter their water

use behaviour.

The forecast increase in new build homes is a major factor in increased water
consumption. Crucially the majority of these will be single occupant and these
households typically have the highest-papita consumption. However new home
water consumption maybe mollified by future water regulation and building standards

(DCLG, 2006) which may set water consumption design targets.
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WATER REDUCTION IN OTHER COUNTRIES

It is instructive to look at water reductiomeasures in other countries; however socio-
economic and environmental differences fteean that reductiopriorities are not
universally transferable from one countryatmother. Western Australia is an example
where a recent survey identified that 46%domestic water was used in the garden
and that showering (16%) and washing machine (13%) consumption were both
greater than toilet flushinfl0%) (South Australia Wate003); these figures are a
complete contrast to those of the UK (see table 15).
The figures in table 15 suggest strong watensumption similarities in western
countries, in particular:

e Toilet flushing consumes approximbta third of domestic water

e Showering and bathing consumes appr@ately a third of UK, Danish and

Dutch domestic water supply, in North America it is a quarter

Table 15. Domestic water usage comparison between countries in recent years

Water use UK?! Denmark | Netherland$ | US/Canada
% % % %

Toilets 35 27 29.1 33.3
Showers <15.2 36 28.6 15.6
Baths 20 6.7 6.7
Washing Machines 14 13 19.0 25.6
Tap 9.9 15.6
Dishwashers 18.7 17 0.7 2.2
Other 7 6.0 1.1

Total 100 100 100 100

Note: Domestic leakage values have not bebktained for the UK and Netherlands. US
figures suggest 10% leakage (GVRD, 2004)
1 (Environment-Agency 2001a — )
% (Napstjert, 2002)
% 1995 Sample of 2,000 fafigs (Achttienribbe, 1998)
“ Figures originally fromAmerican Water Works Assq&VRD, 2004)
> ‘Bathing’ figure estimated as 20%, it is assumed that this does not include shower
consumption. Thus shower consumptimaximum is the upper value of the water
balance difference.
®  Dishwashing is 7.7%, for both tap and dishwasher (Environment-Agency, 2001a);
this is added to the ‘Tap’ total because this is the likely majority
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Table 15 shows similarities in percentageewaise for toilet ash personal washing,
generally the Northern European countrea® more similarto the UK. North
America with a larger per capita consumption still shows some similarities.
Indigenous habits and practices are the Yiletplanation for national differences in
water consumption (e.g. the high US figurei@shing machines maybe attributed to
the prevalence of ‘top-loading’ washingaohines which consume more water than
front-loading models).

Copenhagen Energythe water supplier to the Danish Capital, recorded swift and
sustained consumption reduction (from 10®®litres per capita per day) over a 4
year period in a controlled test of approately 500 residents (Napstjert, 2002). To
what extent the Hawthorne effect (the temdeof participants to behave in a manner
they consider ‘desirable’ to the survey) played in the Copenhagen survey is not clear
however the company has overseen @rerall 20% reduction in per-capita
consumption between 1991 and 2000.

In California (USA) it is estimated thaier capita domestic consumption can be
reduced by 40% solely through updatingfiiegent appliances and reducing leaks
(Pacific-Institute, 2003), the qutiied results are shown ifable 16. Nearly half of
this reduction (appramately 0.5 cubic km) can be aelied through upgrading toilet
cisterns. Reduced flow showers and nmmadeashing machines promise the next
greatest absolute reduction in water consumption.

Table 16. Quantified reduction optis based on California in 2000

Estimate of conservation Estimate of Reduction in
Measure - :
(million cubic meters) current use (%)

Toilets 518 57

Showers 148 24
Washing machines 136 33
Dishwashers 16 46

Leaks 284 80

Total 1,102 40

(Pacific-Institute, 2003)
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In the USA generally, theEnvironmental Protection Agencyecommends the
following reduction measures inlagion to ‘equipment’ (EPA, 2004):

1. Repair all leaks

2. Install ultra low flow toilets ouse a cistern displacement device

3. Install low-flow aerators and showerheads

4. Purchase a high efficiency washing machine
The above are in order in which they areelistwhether this reflestpriority or public
acceptability is not clear.
China, which has a rapidly increasing ecogoamd levels of affluence, faces the
prospect of major consumption increases. Tlhinese Standardisation
Administrationhas enacted a compulsory standard for cistern volumes limiting them
to 6 litres instead of #h normal 9 or 12 (Environment-Agency, 2004c). Beijing
authorities are expesd to introduce progssive water tariffs in 2005 with the likely
effect of raising prices byaarly 30% (Environment-Agency, 2004b).
In Australia a water efficiency labelling scheme is mandatory for new water using
appliances, this applies to showers, tap equipment, toilets, washing machines and
dishwashers (WELS, 2006). This allows teraefficiency to be easily compared
between products when casters choose products and weik a similar manner to

energy efficiency labelling which is alpgd to retail appliances in the UK.
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CONCLUSION

The future pressures on UK wateonsumption are clear; new house building,
reducing household sizes, and rising popafatvill act to increase total consumption.
In the face of this there are water reducstrategies and trends which have a role in
moderating demand in the medium termnder some scenarios total domestic water
demand can be reduced however if curngater use habits continue demand will
increase, and become less sustainable.
As household occupancies reduce theaoptif metering will become economically
advantageous to an increasing numbehaiseholds, and on balance it is expected
that metering will lead to reduced hobsekl consumption. Metering is already the
default option in some regions and in new homes. By the end of the 2020’s the
majority of UK homes will be metered.
In new housing developments (e.g. ThanBteway) modern housing efficiencies
will reduce the increase in per-capita consumption caused by decreasing household
size. The major demand moderating factmes default metering, ilets (regulated to
a maximum of 6 litres), normal flow showers and modern efficient white goods. In
addition improved plumbing and heating will also contribute.
In existing housing stock the following arapected to be the have the greatest
combined effect in reducing natial demand, in diminishing order:

e Metering (economic advantage)

¢ Non-power showers (high @valence and convenience)

e Cistern displacement ‘hippo’ (low cost and simple installation)

e Modern efficient washing mactes (through natural replacement)
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In existing homes the replacement of toiletgsh modern efficient models would
reduce their demand significantly though the @teeplacement islow and hard to
assess.

Across all homes the use of reduced flow basin taps could be a significant demand
reducing factor though their uptake has been very low over recent years. Water
efficient gardening can play an importaake particularly in reducing demand during
drought periods.

However with these measures uptake is diffithassess because of the “barriers” of
initial cost, lack of mmediate return and novelty.

The prevalence and improving efficiencywéshing machines means that they will
be a significant factor in reducing conguiion as newer efficient machines replace
old ones. Though dishwashers can saveemia comparison to hand-washing their
low uptake means that they probably will not significantly reduce UK water
consumption.

Water butts can be expectedbecome more prevalettowever the small proportion

of UK water used for outdoor purposesans that their contribution to reduced
overall consumption may bslight though allied with water efficient gardening
practices they may be important demdaeducing factors during dry periods.

Though domestic water recycling schemexl aainwater collection for internal
household use promise considerable savingsusehold potable water use they are
not expected to have a major impactéaucing national water consumption in the
medium term because of limited uptak&heir cost and technical implementation
being substantial, this alsacludes green roofs. Faimilar reasons vacuum and

composting toilets will not achieve sigmiéint uptakes to affect national demand.
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