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ABSTRACT

Demand pressure on UK water supplies is expected to increase in the next 20 years
driven by increasing population, new hagsidevelopment and reducing household
size. Regionally and locally migration will also affect demand particularly in the
South-East.
The water reduction trends that will vea the greatest reduction effect on UK
consumption are:

1. For new homes; metering and new effiaes in design andonstruction (e.qg.

low flush toilets, heatingnd plumbing efficiencies)

2. For established housing; metering and modern washing machines
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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 of each option and likely effect on UK domestic consumption.

In the post-war period there has been adra the UK of increasing domestic water
consumption both in per capi@and absolute terms. The main drivers of water
demand are increasing population, housgéhmimbers and reducing household size.
Additionally lifestyle changes related tpersonal habit and affluence are also
influential. Faced with finite water regrces and the requirements of the water-shed
demand side management is now the favoured strategy for managing the water needs
of the population (UKWIR/EA, 1997).

Though demand reduction is generally deseaatross the whole of the UK it is the
south-eastern regions which have the gstaheed. The two reasons for this are
limited water resources andcieasing housing pressure. gaeding water, resources
are not evenly distributed across the Uidahe South-Eastern regions receive some
of the lowest rainfall in the country asell as possessingrstched abtraction
resources (Westcott and ODPM, 2003). mounding this is thdact that these
regions are also highly populated and thatising demand is expected to increase
over the next two decades (see table 1).

According to theGovernment Actuary Departmetite UK population is forecast to
increase by approximately 200,000 every ydhabout 2025. Half of this (100,000

people per year) is estimated as natural chétingerate of birthdeing greter than



deaths) whilst the other half is accoeshtfor by net migration (immigration being

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 and London regions are expected to undergo a
collective increase in population of oventllion people (National-Statistics-Office,

2003). Though already amongst the m@stpulous regions in England, the

percentage increases in their populace wilhbeve 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)

In the next twenty years the total numb&homes in the UK will have to increase not

only because of population enlargement bsb @b support the trend towards smaller
household size. Household projections itite 2020’s indicate #t the East, South

East, London and South West will undergo the largest absolute and relative increases
in households, see table 2. In these four regions 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
This

about equal to the increase in population (approximately 3.7 million).

equivalence reflects the fact that the migjoof new housingwill be for single



occupants. Demographically the avexrdgpusehold size in England will reduce by
nearly 10% from approximateB.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 theevenost 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 consumption reducitigce across the UK. Though consumption is
likely to rise in the medium term, consenraatioptions still play ammportant role in
reducing the rate of increase.

The comparison considers the conservatmopact of each option on old and new
homes separately; this has been doaeabse 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. England household projects to 2021 based on 2001 baseline

New Build Homes Old housing stock Old housing stock
(to be built 2001 - 2020) 1-2 Occupancy 3+ Occupancy

Will comprise ~18% of
households in Englahd
(>20% in the south eastern

regions)

Reduce from about 64% to| Reduction from ~ 35% to ~
52% of households in 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 assged 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 Reduction Effect’ rigda to the ability of a conservation option
to reduce consumption on a national basis; shown in the tabulated results in table 4.
This has been estimated as the produaxplected uptake and device efficacy, this

determines the amount of water thatlilely to be conserved across the UK in



comparison to a similar uptake of startlgnon-conserving) déces. Expected
uptake has been estimated by applyingeadranalysis basesh current popularity

and the likely prevalence iaxisting and new build hoas (e.g. some options like
water meters are mandatory in all new build homes). Device efficacy is based on the
ability of the option to conserve wateompared with today’s typical devices,
assuming that water use behavioemains relatively unchanged.

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 effectlmdnging household numbers or changes in

behaviour (e.g. moredguent showering).



Table 4. Technology options for reducing water consumption and their expected effect on
new-build housing and existing housing stock

Expected Uptake between 2001 and 2020 UK Water

Option Current status and New Build 1-2 3+ Occupancy| Reduction
uptake factors Occupancy
Homes Old Homes Effect
Old Homes

Currently >20%
Metering household

penetration
Most likely in new build properties, includes the following:

All Some - Most | Some - Most Major

6 litre toilets All Few-Some Few-Some
Household Plumbin
Plumbing eﬁiciencigs Al Few Few Major
Efficiencies Efficient heating All-Most Few-Some Few-Some
system
Future Regulation Few - Most Few Few
New clothes| Currently >90% of
washing all households All All-Most All-Most Moderate
machines (8 year life cycle)
Dishwashers Lovpenetration Re-Some Few-Some Some Small
Reduced Future regulation?
Flow Showering becomeg Some Few-Some Few-Some Moderate

Showers | even more popular?
Toilet Flush .
Inexpensive and

Some-Most Some-Most Moderate

Reduction . Few
X easy to install
(e.g. hippo)
Low Elush Currently 6 litre
. future regulation All Few-Some Few-Some Moderate
Toilet .
could reduce this
Water Butts
(outdoor Future regulation Few-Some Few-Some Few-Some Small
water use)
Water Possibly a feature in
Efficient Yy Few-Some Few-Some Few-Some Small
new build homes?
Gardens
Rainwater Relatively expensive
C(_)Ilectlon and complicated to Very Few - Very Few Very Few Very Small
(indoor . Few
implement
water use)
Grev water Relatively expensive
y W and complicated to| Very Few Very Few Very Few Very Small
Recycling .
implement
Relatively expensive
Green Roof| and complicated to| Very Few Very Few Very Few Very Smal
implement

NB. Few ~ 10%, Some- 25%, Most ~ 75%



Significant Reduction Measures

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

following conservation methods appear tothe most important to account for 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

General efficiencies in new developments (e.g. reduced flow showers, reduced
‘dead-leg’ in piping, reduced leakagad low flush toilet). This maybe
critical in the south-east of Eragld where substantial development is
expected, particularly if this sffected by new building legislation.

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 device (commonlylled a ‘hippo’), these are cheap and
easy to install (take up in wehomes is not expected b@ great as they will
already be using reduced volume cisterns)

Reduced flow showers; these magcbme more popular particularly in
metered homes. Maximum flow showers may also be limited by new

regulation, as cistern pacity is currently.



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 givesralicative figure for the possible change in
total domestic water consumption between 2001 and 2021.

According to theGovernment Actuary Departmetite UK population is forecast to
increase by approximately 200,000 evesar to about 2025.Housing stock will
grow at a faster rate, increasingdiyout 20% by the mid 2020’s (ODPM, 2002).

This analysis considers the two mansumption groups; new build homes and
existing homes (termed ‘older’ homes).

New Homes

New build homes can be expected to be more water efficient for a particular
occupancy (see ‘New Housing’ sectiomchuse of new appliances and regulations.
As the great majority of new homes will bimgle occupant this estimate assumes that
all new homes will be single occupant (gexligrthe group with the highest per capita
consumption).

Assuming that single occupant households currently use 180 litres/person/day (a)
UK average consumption is appimately 150 litres/person/day (b)

Increase in homes (the majority of iasihwill 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 change in consumption ~ (a/b)*c*d = 0.8 * 18% = +17%



Older Homes
Older homes are defined as those that vierexistence before 2001. As the great
majority of new homes will be singleccupant the average household size in older
homes will remain 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 historiti@nd of increasing consumption. Also the
total number of older (pr2go01l) 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 fgiconstant in comparison to new homes.
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 are mostly singlecapant and thus having higher average per
capita consumption). However this does faator in changes in habit and lifestyle
that affect consumption behaviour and aéssumes 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.



POLICY AND REGULATORY EFFECTS

Statutory and advisory guidelines that ufhce domestic water use act at various
levels, from water company regulation dotenplumbing and appliance guidelines.
Legislation and guidance that affects watlemand and consumption is discussed
below.

The Water Framework Directive has bdeansposed 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 Act signifies that the UK government recognises that
reducing per-capita consumption is an appetprresponse 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.
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In the UK DEFRA (Department for Environment, Food and Rural Affairs) issues
water supply regulations which regulate nistic water use. The regulations
encompass domestic water appliances and plumbing practices; for instance the 1999
regulations restrict all new toilet cisterns to a maximum volume of 6 litres. Another
form that water regulations take is ghieimbing and appliancguidance notes issued
through theWVRASWater Regulations Advisory Scheme).

EcoHomess an environmental assessment method developed BRE€Building
Research Establishment Ltd) (BRE, 2005). The assessmavitigs guidance to
assess the overall sustainability ofhause from both developer and occupant
perspectives. Water efficiency is ord the environmental measures of the
assessment. The assessment is intended to promote sustainable design and
construction. However as the schemevaotuntary and allows for flexibility as to
which criteria are included in an assessha@md as such does not compel the housing

industry to build wateconservative homes.
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SOCIAL FACTORS

The phenomenon of varying water consumptikes place in an arena of changing
social and economic factors. The generatease of per capita water consumption in
the post-war period has been driven yanber of social factors, notably:

¢ Increasing general standard of living and affluence

e Declining household occupancies

¢ Increasing population

¢ Generally ageing society
These factors affect water demand, but #itear affects changwith time. Society
can be viewed as a set of generational groegsh having a specific consumption at a
particular point in time. The affect @ particular generation’s consumption at a
specific point in time is a function of:

1. population at a particular time

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

100%
90% -
80%
70%
60% - 44 - 56 yrs
50% -
40%
30%
20%
10% 0-17 yrs

Population

31-43yrs

0% 1 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 ‘®idsociety driven bydeclining fertility,
decreasing mortality and midian trends. Results frormodelling work carried out
at Leeds University are shown in figure 1.

Generational habits and attitudes involveiabtrends and people’s intrinsic needs,
which can work for or againsgtater conservationSocial trends are the most complex
of the two elements involving the intetang effects of policy, economy, culture 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
water use. Example social trend factors, sémmm research in H@and, are shown in
table 5. The long term coursésocial trends and theiffects are difficult to predict,
but substantive data on these treallisw inferences to be drawn.

Table 5. 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 use remained largely unchanged from 36.0 to 25.5 litres per head per day
e Personal washing (from 33.5 to 46.5) and clothes washing (from 13.5 to 21.7)

represented the majority increase in total consumption

13



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

litres per head per day). This significanacbe 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 6.

Table 6. 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 perspectivitades are significant factors regarding the
analysis of water consumption. New aities to water use will affect demand in the
future, one possible social shift is towsurtthe ‘Soft Path’ (Pinkham, 1999) shown in
table 7. This outlines a change in paradigm regarding the role of water in society; it
also suggests that changes in puétitudes and values are necessary.

Table 7. Paradigms of water use

Old Paradigm New Paradigm
Human waste is a nuisance Human waste is a resource
Stormwater is a nuisance dBinwater 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)

14



An aspect of consumption behaviour tise popular conception of what water
represents; one view is ah people in the UK gendha consider water as a

commodity rather than a social and eamimental resource (Environment-Agency,
2004b). Moreover, public engagementwater reduction maybe harder to achieve
now that municipal stewardship of thedustry has been replaced by private
ownership. However, dramatic and effee reductions in water consumption have
been achieved in privatised water regions. Between 1991 and Q@@e&nhagen

Energy the water utility supplier to the Dah capital, affected a 20% reduction in

per capita consumption from 164181 litres per day (Napstjert, 2002).

15



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 Pagd 6
Toilet Flush Page 22
Other Toilet Technologies Page 22
Reduced Pressure Showers and Taps 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 31
Heating Systems Page 32
Water Conservative Gardening Page 33

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. Also all
homes built since 1989 have water meterstalled by default. Moreover, new
occupants of a house with an installed wateter are not normally able to pay for
their water at an unmea®d rate (uSwitch, 2005).

Water meters are now found in over 20% of English and Welsh homes (see table 8).
The Environment Agenclias set water meter penetration targets of between 60-90%
of households by 2030, however there is cameer to whether water companies will

be able to meet thi&nvironment-Agency, 2003).

16



Table 8. English and Welsh homes with water meters

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
Analysis of domestic consurtipn monitor (DCM) records fronYorkshire Water

carried out atLeeds Universityhas shown that households on metered tariffs are
typically smaller water consunger This is true in both absolute (per household) and
relative (per capita) tens. Metered households’ had an average consumption of 214
litres per day (sample of 263 household$jor the unmetered sample the average
household consumption was 318 litres gay (sample of 758 households).
An analysis of the differences between metered and unmetered homesofihire
WaterDCM records suggest that teeed households tend to have:

e Smaller household sizes (1.97 people per house compared to 2.56 in

unmetered homes)
e Older average age (by approximately 10 years, see table 9)
e More water using applianceer-household and per-person

Table 9. Age distribution in metered household sample.

Under 10 10 to 54 years | Over 54 years Total
years % of age % of age % Occupants
Metered
Households 6.8 38.7 54.6 517
(n = 263)
Unmetered
Households 11.4 57.5 311 1961
(n =758)

17




This has been reinforced Hindings fromEssex & Suffolk Water'$0 yearStudy of

Water Usecharacterised optant households$iaging average oapancies of 1.8 and

a rateable value of £288; opposed to @ 250 for non-optants (Essex&Suffolk-
Water, 20037?).

The analysis of th& orkshire WateDCM survey highlighted a relationship between
socio-economic status and water metering, see figure 2. From the sample of 1,021
households, water meters were more likelthiree of the ‘top’ fourcategories, whilst

metering was less prevalent in the three ‘lowest’ categories.

35

30

25

20 ,,—| |_ @ Metered Group

% m Unmetered Group
15

0O UK awerage

10

O e O . O
. N N O w9
Q & N §F
S = e
RS SN

ACORN Category

Figure 2. ACORN profile of metered androetered Yorkshire Water DCM survey group
compared with 1998 average

The effect of bias is hard to estahlisvith this survey though the number of
households was fairly large. The profileroétered households is interesting and one
explanation is that metering is an opttaken up by households whose children have
left home; this may explain the anomabf lower consumption occurring in

households with a greater number of water appliances.
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Research reviewed bYKWIR estimated that compulsory metering would reduce
typical household consumption by 10 to 158ad that peak demand would also be
attenuated (Baker and Toft, 2003). Thepgansity for consumers to switch was also
examined and optant households were typically:
e Motivated by financial gain &fm metering (i.e. lower bills)
¢ Single or two person households; thesefpenore likely to swich than larger
households
e Faced by an increase in their unmeastniéideven 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

The Effect of Metering
Metering has an important role in develagpiprice-elasticity in the domestic water

market. An analysis of consumptiononitoring of 8,000 households in the UK
between 1996 and 2001 calculated that thecefdf metering resulted in an average
9% reduction in consumption (Baker andfff@003). This figure varied between 2
and 14% depending on the volumetric charge; 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 thoughits effect is not doubtedAchttienribbe, 1998).
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 temtdeof participants to behave in a manner

they consider ‘desirable’ to the surveyaytd in the Copenhagenrvey is not clear
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however the company has overseen @rerall 20% reduction in per-capita
consumption between 1991 and 2000.

Establishing and measuring elasticity in the short term is difficult because of the low
bulk cost of water compared to the up-fronst of water effi@nt investments (e.g. a
new washing machine). In the longer teimare is an expectation that elasticity will
take effect as appliance replacement caunav and generally more efficient devices
to be purchased.

Water saving measures seem to be seiforcing with an obsrved 0.2% reduction
in consumption occurring each month in the 8,000 household UK survey: however the
longevity of this effect was not&blished (Baker and Toft, 2003).

Analysed data from eight consumptiononitors identified a downward trend in
consumption over at least 36 montfdlowing meter switching (Environment-
Agency, 2004a). The analysis found nadewce for a “bounce back” increase in
consumption. Regarding the pre-dispositiof optants the mearch identified a
reduction in consumption between 8 and fddrcent during the two year period
preceeding switching.

As metering becomes more prevalent passible that this will be accompanied by a
general increase in econarally grounded water conscismess. The reductions
reported byUKWIR would probably take place in aenario of compulsory metering
(Baker and Toft, 2003). The danger of thisidasion is to expedhat water savings
practised by low users who opt for meteriade carried over to the whole population

with compulsory metering.

Water Use Motives in Metered Households
There is evidence that meter uptake l@aselationship withwater conservation

awareness, for exampf&outhern Watem the UK reported that metered customers
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were significantly more likely to posse water butts and displacement devices
(Environment-Agency, 2004c). There is evidence that metering encourages better
water use through a number of motivational mechanisms (Van Vugt, 1999):
e Alterating of the reward structure, such that it becomes advantageous to
reduce water consumption
¢ Increased personal efficacy througk #bility to monitor consumption
e Paying for water use reinforces personal responsibility
e Metering promotes trust that others walso act responsibly i.e. what others
pay reflects their water responsibility
¢ If metering is considered a generallyrfecheme it may encourage other water

conservation initiatives

The Effect of ‘Late Adopters’
Involuntary and late optant meter custas should not be expected to become

‘worse’ water consumers than if they had remained unmetered. On balance the
evidence suggests that as a group thvdly exhibit decreasg water consumption
motivated by financial gain, though this edf is likely to bewidely divergent in
uptake and practice.

South West Watehave reported that householdscently switching to metering
between 2003 and 2004 have demaistt an average 15.2% reduction in
consumption (Lawrence, 2004). This demaatsts that late swithing households can

still effect significant reductions. Though their consumption is still generally greater
than the overall average faretered households; suggestthgt reductions diminish

with the later the later the decision to opt for metering
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Toilet Flush Volume Reduction
Toilet flushing constitutes typically one-thiaf 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). Water efficient t@ts use even smaller volum&kich can potentially reduce

the average daily water usage in a tofi@m 50 to 20 litres per person (60%
reduction). In addition ‘dual flush’ toilets allow users to select a reduced flush as well
as full volume flush depending on the matettabe washed away, this can translate

to a greater than 20% reduction inlgavater use (Environment-Agency, 2001i).

Cistern displacement devices (e.g. “hippos” and household bricks) reduce the flush
volume by about 3 litres, approximately ardhof a typical flush. This simple
measure has been estimated to redumaesehold water consumption by 10-15%.
However the efficiency of the flush is alseduced and it should be verified that
double flushing doesn’t lead to increasedter consumption. Also, installation
should be checked to ensure there is no leakage from the cistern.

Water can also be conserved with a geth 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 with a sevine cistern are 1.4itres at 3-bar pressure to 3.5 litres

at 10-bar compared with unmodifietsterns (Environment-Agency, 2001i).

Other Toilet Technologies
Waterless and vacuum toilets could reglaverage domestic water consumption by a

third (approximately 50 litres/person/day) by removing the need to use water in a

toilet. In terms of istallation these are not economically competitive with
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conventional toilets; an exception is in peri-urban and rural locations where
composting toilets are advantageous becatig®or sewage infrastructure. Vacuum
toilets are also of a technical complexibat 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 and Taps
Approximately 20% of UK domestic watds used for bathing and showering

(Environment-Agency, 2001)).

Water usage in showers is very dependaentiser habit and preference. A ‘typical
shower session is estimated to use a iifithe water and energy as a bath however a
‘power shower’ can use more water in 5notes than a typicddath. Thus water
efficient showering can be achieved througdasures 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.

‘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,
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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
them use less water than a standard basiotild be noted thahowering more often
(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 3.51/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 sikmlern baths typidlg require at least
60 litres of water. Very large baths caaguire over 300 litres (note: average daily
water usage is approximatel$0 litres per person), alsee Water Suppglact of 1999
requires that an intention to install a bafhgreater than 230f¢s be notified to the
water supply company. Water usagealso generally reduced with good bath

insulation as hot water top upse not required as often.
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Rainwater Collection
Collected rainwater is ideally employed fautdoor purposes and is preferable to grey

water for gardening purposes, particlylafor uncooked vegetable cultivation
(WRAS, 1999b). Rainwater can also bdvantageous for washing purposes, it's
softness reduces detergengugements. It is estimated that in Germany 100,000
rainwater systems are installed annuallygiag from individual homes to industrial
organisations (Environment-Agency, 2004c)

Typically rainwater is collected on the raaid transferred via guttering to water butts
for storage; this arrangement has the following benefits:

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

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

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

1. Rainwater collection and its benefits are seasonally unmatched; the summer
months of greatest need are the time®mwkhe water butts will be at their
lowest levels.

2. Water yield is determined by clinggtroof size and storage capacity

Further reductions in coamption can be achieved by using rainwater for non-potable
indoor tasks; however this requires aroatated water management system and a
separate non-potable water supply systethe house (see Green Roofs section).

A recent example of rainwater harvesting in the UK isMiileennium Greerhousing
project; the overall winner of thEnvironment AgencyVater Efficiency Award in
2003 (Environment-Agency, 2003a). This depenent of 24 homes is supplied with

non-potable rain water (for washing machirteslet flushing andyjardening use) from
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underground storage tanks. €Be storage tanks receivdleated 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 flush toilets and aerated taps. Data for this
development has shown a 50% ret¢hrcin mains water consumption.

The non-potability of rainwater is underlinbg analysis which has demonstrated that
coliform concentrations do not decrease iggmntly 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 Associatiaclaim that using rainwater for all non-
potable domestic applications can reelthousehold water consumption by “around
50%” (which correspondwith the performance d¥lillennium Greeiy with payback

periods of “between 105 years” (UKRHA, 2004).

Green Roofs
Green roofs are a more sophisticated fafmainwater collection. They involve the

cultivation of roof based reed-beds whidltef 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
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.
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Compared to other water reduction measgregn roofs are elaborate and relatively
expensive, and are uncommon in the UK at present. For the grey water recycling
green roof the cost saving from reduceater supply was estimated as £70 for a six
person household in 2001, approximately onedtbf the annual war bill (Shirley-

Smith, 2001).

Grey Water Recycling

Reusing water from sinks, baths and sbmsvhas the potential to reduce domestic
water usage by a third (Environment-Aggn2001c). Additionally research suggests
that less than 5% of domestic congion need be of potable quality.

Recycled waste water (grey water) wouldimhabe used for tiket flushing, though it

can also be used in washing machinegiél cycle only) andutdoor purposes (e.g.

car washing and restricted gardening). There is also the additional benefit of reduced
sewage volumes caused by the reduced through-put of water.

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 avaétgr human washing, this risk increases
with household occupancy as the probabitfyan infected indiidual rises. Grey
water has been observed to contain up tbfaécal coliforms pe100 ml with the
potential to increase in number 048 hour period (Ron et al., 1999).

Regarding grey water stge a tank of 1 cubic metr(1,000 litre) capacity is
considered adequate for a wide rangéaisehold occupancies (Diaper et al., 2001).

A mismatch between grey water storage capacity and consumption will lead to sub-

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

Lower Risk Intermediate Risk Higher Risk
Population Small populqtion Largg 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-Response <1 Bacteria per >10° Bacteria per
sample sample
Delay before Immediate reuse Re-used within Re-used within days
re-use hours

(Dixon et al., 1999)

Consideration of the risk analysis irbla 11 led the researchers to advocate grey
water reuse for toilet flushing within single family households without minimum
coliform regulation (Dixon et al., 1999). @mpared to communal treatment single
family application is more socially accepla and has a lower health risk 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) from a treatment plant employing coagoih and filtration. The project built
initial housing with separate drinking andegrwater supply. To begin with both of
these supply systems were fed with ptaalvater, during which connection errors
were discovered. During the second gehdreated non-potable grey water was
supplied, but it was then diseered “that a few connectiomgere mixed up” (sic) and

that some people had been ingestingygwater 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 biaabgsafety would make grey water supply
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unfeasible. The project came to an end and the Dutch government has since banned
piped grey water distribution.

Research in the Netherlands has propased optimal grey water re-use can be
achieved through ‘cascading’ (Terpstra, 199@ascading exploits the potential for
waste water to be reused more than once in a domestic environment. This scheme
involves water being classified dependent on its qualiipws in table 12). Class |

water is the potable water sugal to the home, class waterigimildly dirty, class Ill

iIs more so, whilst class IV is heavily contaminated. Using the class scale it is
conceivable that some water can be reugetb three times before being expelled to

the sewer (e.g. bathing, then washing maeimitial cycle and tén toilet flushing).

Table 12. Water quality and use for domestic purposes

Eunction Input Water Output
Class Water Class

Bath/Shower I Il
Washbasin I 1]
Washing Machine (Initial cycle) Il Il
Washing Machine (Final cycle) I Il
Washing up (Hand) I \%
Food Preparation I IV
Toilet [l I\

(Terpstra, 1999)

The complicated plumbing and the variabilitfiywater use make grey water cascading
unrealistic compared to cheaper and easieptyate 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 holiskls in 2002 (National-Statistics-Office,

2002), a figure not foreseen taltee in the future. Thedtbrical performance of the
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Boschbrand of washing machine is showrfigure 3, the figures suggest that almost
a two-third reduction in water requiremdrds been achieved over the last 3 decades
with modern machines using less than H@4i per wash (note: average consumption
is 150 litres/person/day). Grant suggebtst water regulation during the 1970’s was
a driver for appliance reduction innovati@@rant, 2002). Currently in England and
Wales the 1999 Water Supply Regulationsitémall new horizontal axis washing

machines to 27 litres per kilogramh wash load (WRAS, 2001).
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Figure 3. Water used by Bosch washing machines for 5kg hot wash (Grant, 2002)

The uptake of more efficient washing madsns dependent on the appliance lifetime
(estimated at 8 years) which dictates ifglaeement rate. Currently the cost savings
made by switching prematurely to a wagfficient machinedoes not cover the
purchase cost.

The absolute reduction in water used for clothes washing in the UK is offset by the

increase in the number of washing machiaed the frequency of washing. Also it
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should be noted that additional watewniegs being achieved by new models of
machine are tailing off.

Efficiency is also dependenn good habit, foexample running a vehing machine at
full loads. Good water habitaaybe most effectively enaaged through educational

and economic means (e.g. water metered price-elasticity).

Dishwashers
Properly used dishwashing machines are more water efficient and wash more

effectively than hand washingThe research carried out BRbnn Universitysuggest

that dishwashers consume less water than hand washing when washing more than 4
place settings (of 12 items) (Environment-Agency, 2004d). The study estimated that
dishwasher’'s used 20 litres of water fach wash and that hand washing typically
used over three times as much wébe an optimum number of items.

The low penetration of dishwashers, 2&f¥oall UK householdsn 2002 (National-
Statistics-Office, 2002), and slow rate of take up suggest that they will not be a
significant factor in medium term wateonsumption. Moreover UK census figures
show that dishwashers earless common in smaller households - the types of

households which will become maguesvalent in the medium term.

Regulating Domestic Water Flow
There are some advantages to regulatingemiow (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 thiglwot be the case. Generally flow
regulation is most beneficiah areas of high water pressuor in habitations with

poor water use habits; figures of 25-30%duction in tap water maybe overly

optimistic (Environment-Agency, 2001f).
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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;
¢ 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 mwaiger 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 13.

Table 13. 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

Low water-use shower Less than a bath | Power shower effect due to pressure

Reduces waste wherFFlow to each outlet is balanced,
taps left running shower temperature stabilised

Flow regulation

(Environment-Agency, 2001k)

These improvements will be most prevalenhew build homes as it is economically
more advantageous to fit these during thiding of a home rather than to retro-fit
them into an existing home. It is possitiiat some of these efficiencies may become

mandatory in the future, which walibffect subsequent home building.
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Water Conservative Gardening
In the UK the proportion of water used fgarden watering is relatively smafputh

West Watercalculates this at 6.6%, inomparison in the US thEnvironmental
Protection Agencyguggests that during the graygiseason some households use 75%
of their water supply for outdoor purposes (EPA, 2000).

In the UK during normal years garden usenet a priority to address. However
garden reduction measures have a significantribution to make&luring dry periods,
when garden watering becomes more peval In the UK the proportion of water
used for garden purposes can approach ®®%omestic uptake during the driest
months (Environment-Agency, 2001b), at mdi when this should be used be to
satisfy more necessary nseghd to prevent drought.

Water efficient gardens seek to create damge low water use zones, ‘xeriscaping’ is
the ultimate practise of this where droughtstsit plants are select on the basis of
their compatibility to the local climatand environment. Relevant measures are
presented in table 14.

Table 14. 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

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

Ensuring plant health, judmiis pruning and refraining from

Maintenance fertilizing during drought periods

(Schrock, 1999)
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NEW HOMES

Newly built houses are more sustainablectmnstruct and inHmt 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 curravdter regulation (e.g. i&re toilet cisterns)

and their expected water efiency can be estimatediawvn in table 15. 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 15. The water efficient figure suggests that a
further 25% reduction in water consungptican be achieved without significantly

affecting water use habits.

Table 15. 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/d)*® (litres) (I/h/d)*3 %
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 2505
(I/person/day) reduction

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

“Assumed average household occupancy of 2.5

Frequency of use assumptions developed frors¢énario 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 recyclinaud halve toilet and garden water consumption,
resulting in 81 litre/person/day

(Environment-Agency, 2003)
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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 for their house type.
However new home water consumption magilified by future water regulation.
A study of the estimated wateeduction in UK homes usinBATNEEC (Best
Available Technologies Not Entailing Exasve Costs) options came up with the
following descending list afeductions (Grant, 2002).

¢ Reduced flush WC (saving 36 litres/person/day)

e Kitchen Sink (saving 16 litres/person/day)

e Washing Machine (saving 11 litres/person/day)
Grant reports that it is possible that ®ohome to reduce water consumption by 49%

(from 150 to 76 litres per person/day).
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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 flushing (10%) (Southgialia-Water, 2003); these figures are a
complete contrast to those of the UK (see table 16).
The figures in table 16 suggest strong watensumption similarities in western
countries. In particular:

e Toilet flushing consumes approximbta third of domestic water

e Showering and bathing consumes apgnately a third of UK and Dutch

domestic water supply, in North America it is a quarter

Table 16. Domestic water usage comparison between countries in recent years

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

Toilets 35 31 27 29.1 33.3
Showers <15.3 5 36 28.6 15.6
Baths 20 15 6.7 6.7
Washing Machines 14 20 13 19.0 25.6
Tap 24 9.9 15.6
Dishwashers 15.7 1 17 0.7 2.2
Other 4 7 6.0 1.1

Total 100 100 100 100 100

Note: Domestic leakage values have not bebtained for the UK and Netherlands. US
figures suggest 10% leakage (GVRD, 2004)

1 (Environment-Agency 2001a — )
Anglian WaterSoDCon survey of domestic consumption 1993-98 (POST, 2000)
(Napstjert, 2002)
1995 Sample of 2,000 fal@s (Achttienribbe, 1998)
Figures originally fromAmerican Water Works AssdGVRD, 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

o o M w N
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Table 16 shows similarities in percentageexaise 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 yil@tplanation for national differences in
water consumption (e.g. the high US figurei@shing machines maybe attributed to
the prevalence of ‘top-loading’ washenghich consume more water than ‘front-
loaders’).

In California it is estimated that per capita domestic consumption can be reduced by
40% solely through updating inefficiemppliances and reducing leaks (Pacific-
Institute, 2003), the quantified results afeown in Table 17. &&rly half of this
reduction (approximately 0.5 cubic km) che achieved tlmugh upgrading toilet
cisterns. Reduced flow showers and nmmadeashing machines promise the next
greatest absolute reduction in water consumption.

Table 17. 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

NB Defined as “Best Estimatef Additional Cost-EffectivaVater Conservation Potential”
(Pacific-Institute, 2003)

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
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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. Thdinese 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 progressive watariffs in 2005 with the likely

effect of raising prices byaarly 30% (Environment-Agency, 2004b).
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CONCLUSION

The future social pressures on UK watensumption are cleanew house building,
reducing household sizes, and rising poparatvill act to increase total consumption.

In the face of this there are water reduction strategies and trends which will have a
role in moderating demand in the medium term, these are:

Metering across all housing

Efficiencies in new homes; driven by modemore efficient stadard appliances and
possibly by housing regulation.

As household occupancies reduce theaoptif metering will become economically
advantageous to an increasing number of households. Metering is already the default
option in some regions and in new homdde trend towards increased metering is
not forecast to reverse.

In new housing developments (e.g. ThanBseway) modern housing efficiencies

will reduce the increase in per-capita consumption caused by decreasing household
size. This is driven by improving hdog standards, home design innovations and
more efficient appliances. This includdgagent toilets, reduced flow showers, water
efficient dishwasher and washing machinesiuced leakage, plumbing and heating
system efficiencies, and efficient gardens.

In established housing stock the followiwgter reduction measures are expected to
be the most effective (and popular):

Modern efficient washing maches (through natural replacement)

Metering (economic advantage)

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

‘Water saver’ showers (high prevalence and convenience)
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The uptake of reduction measures sucplambing efficiencies, cistern replacement,
water efficient gardens and dishwashers are not expected to be as common in existing
homes, primarily because of castd lack of immediate return.

The prevalence and improving efficiencywashing machines means that they will

be a major factor in reducing consumption as they are replaced by newer machines.
However, the low penetration of dishwashand their low savings mean that they

will not significantly reduce water consumption.

Domestic water recycling schemes (both gamg green) are not expected to have a
major impact in reducing water consumption in the medium term because uptake will
be limited. Their cost and technical implemtation being substantial, this includes
green roofs. For similar reasons vacuamd composting toilets will not achieve
significant uptakes taffect national demand.

Water butts can be expectedbecome more prevalettowever the small proportion

of UK water used for outdoor purposesans that their contribution to reduced

consumption will be slight and probably negligible during dry periods of the year.
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