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Executiveummary

Thestatistical malyses conducted as part of $hétudy have revealed that,

e across the entire production stoslof dishwashers and washing machiresenergy
rating increases it can be expected that water efficiency will increase as well;

e Dbetween energy ratings, therare significant differences imean water use with A
rated machines generally more water efficient tharradBed models; howeverit
must also be noted that some less energy efficient models do use less water than
some more energy efficient models, even when adjusted for capacity;

e within a singleenergy rating, there exists a wide spread in water use among both
dishwashers and washing machinésr example, for Aated dis\washers with 12
place settings (the most commarapacity the water consumption variebetween 8
and19 litres per cyd,

e amongthose models rated best oanergy, there are still several that perform less
than production stock mean water efficiency; and,

e capacity and energy use do not alone or together completely explain the variation in
water consumption other variablesalso affect waterconsumption which may
include technological design, cycle programming, and teiffie between less hot
water / lower temperatures / more rinsing water.

Analyses show thatreergy efficiency ratings areot a suitable proxy fowater efficiency
information because of the variation in water consumption between and within energy
ratings These findings support a furthatetailed look at options for addressing the water
consumption of washing machines and dishwashers, some of which afly lexamined in
this report:

weEliSyarzy 2F GKS . a! e 2 GSNI 9FFAOASY G t NJ

w expansion of Energy Saving Recommended;

w development of the Waterwise Marque,;

w promotion of the EU Flower Ecolabel;

w adjustments to the EU Energy Lab&ichas normalising etsumption and or adding

a water efficiency ratingand,
w introducing anew UK or EU Mantary or mandatory label.

It is recommended that anore detailed assessment of costs and bendbtsthese options
is carried out.

Based orthe findings fromthe statstical analyseand the brief examination of optiond is
alsorecommended that the water consumptioof dishwashersand washingnachinesbe
addressed, both in terms of technical efficiency and operational efficiency, to encourage
good (not necessarilyest) practice.

It is further recommended tha& rinse performance requirement be introduced alongside
any efforts to increase water efficiency so that acceptable performance of washing
machines and dishwashers is maintained.

In addition, it is suggeted that washedryers be examined in more detail once sufficient
data on water consumption is available. Because these appliances use water in the drying
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phase (as part of the condensation process) as well as in the washing phase,-drysher
use sigificantly more water than separatewashes and dryes. Therefore, here may be
considerable scope to encourage greater water efficiency amongst these appliances.
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1. Background

At the UK and EU levels mncerrs have recently been expressed over thiiture

availability of fresivater. Despite the floods of 2007, the droughts of 2005 and 2&@6
still remembered The sustainabilityof some current water abstractionsremain areal

concern particularly in light of predictedemographic, behavioural arddimate changes.

While household ater demandis currently @aound 150 litres per person per dag the UK
the Environment Agencgredict that total household demand will increadsy 12 percent
over the next twentyfive years Demand from agriculture and ingstry has shown a
overalldecreasehowever, the growth in domestic demand hassulted in anet increaseof
water demand Therefore, the past few years have seen an increasgaport for a twin
track approach in whichwater demand managemenis taken asseriously as the
development ofsupply side measures.

Management of household demand has long been targedédoilet flushing. Modern
cisterns are now much smaller than they were ten years ago, alitte4single flush models
can be purchased. Theraf®, the slice attributed to toilets has beenshrinking as a
proportion of the total water demand pie Other uses however, have not decreased as
significantly, with someises actually increasing in volume, such as personal washing
majority of an ind @A Rdzl f Q& ¢ stilh sStiblited $oYdiley Rishikgiand personall
washing but clothes washin@nd washing up are also significant siseogether accounting
for about20 percent of household water uggigure 1).

FIGURH. Typicalhousehold consumptioi.
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agency.gov.uk.

2 gaddressing the challenge of water scarcity &2 dz3 Kida Ay ( K Eurdpeahobddission | YA 2 Y E @
Communication to the Euraan Parliament and the Counciufy 2007.
http://ec.europa.eu/environment/water/quantity/scarity _en.htm.

% Waterwise(2006):
http://www.waterwise.org.uk/reducing_water_wastage_in_the_uk/house_and_garden/save_water_at home

.html.
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2. Research questions and structure of report

It is generallyaccepted that individual demand can be reduced by utilising modern
technology andencouraging behavioual change. Waterwise estimate that water
consumpton in the home can bereducedby about onethird through retrofit and simple
behavioual adjustments The typical components of domestic demand that are found in
homesoften differ significantly from the consumption of best available componenggi(

2).

FIGURR. Water consumption of typicalersuswater efficient products.
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Toilets have been targeted for a long while through retrofit programnties distribution of
cistern displacement deviceand the development oflegidation; personal washing is
beginning to be addressed through the promotion of water efficient showerheads and
shower timers In contrast, vashing machineand dishwashers have received much less
attention.

Therefore, this report will look at the wateronsumption of washing machines and
dishwashers.Washerdriers are brieflyaddressed (&ction 5, but since Waterwise do not
have access to a complete database of these appliances, -dapth analysisvas not
undertaken

This report first examines whethdhere is a need to address the water consumpsiar
washing machines and dishwashers, with particular examination of the relationship
between energy efficiency and water efficiencyihe report then considers options for
addressing the water consumptiarf these appliancesdocusing particularly on labelling.

The role of and succesgfailures of labels in influencing consumer behavioare not
examined, as an extensive collection of literature exists on this topic, which is beyond the
scope of thiseport.

The EU Energy Label is dealt with superficially. Praises and cribiciies label, particularly
of test standardshave not been examined idepth. Please refer to the work of the Market
Transformation Programmi®r more information®

* Waterwise (2007).
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Detailsof the databases used for anafgsare presented in Appendix 2

3. Present situationand trends

The waterconsumptionof washing machines and dishwashers has dee@as recent
years(figure 3). Dishwashers manufactured in 2005 used 30 percentwedsr than those
made in 1990 The water consumption of frorHoading washing makines has been
reduced by 76 percent since 1970, from Bk per kilogramn 1970 to 13.6 I/kg in 1990 to
7.2 l/kg today

FIGURE 3Trends irenergy and water consumptin of Bosch und Siemens Hausgeram)liancesef

Dishwasher Washing machine
e
per cycle
Y B
-
hod
Energy Water nergy Water
1990 1.6 KWh 201 0.26 13,6 |
141
2006 1.0 kWh (10 1 with 0.17 7.21
sensors)
Difference
-30%
- 34 OAD = 35 "/0
- 47%

The water and energyconsumptionsof washing machineand dishwashersvere already
decreasingefore the introduction of the EU Energy Label; however, it is generally accepted
that the EU Energy Labeontributed to a steeper trendline toward greater energy
efficiency. As energy use was driven down so, too, was water -uges relationshipis
explored in section 4.

3.1  Washing machines

Over 2,200,000washing machinesre sold in the UK every year&les are expected to
increasealong withthe projected increase ithe number of householdsWhile penetration
of washing machines hasmaired steady at about 80percent of households this
percentage maylecreaseslightlyas more people may move toward washerdriers (section

®See, f or BNyWRsEmMggy and pefformance test methodologies for domestic washing machines an
washer dryeis  Htp://www.mtprog.com/spm/download/document/id/585

® Otto, Ruminy and Mrotzék & ! & & S & & WBofimental impakctfoihouSeholdppliances Appliance
Magazing(April 2006: http:// www.appliancemagazine.com.

Page3 of 48



Watemand energgonsumptions of dishwashers and washing machines September 2008

5), whichcurrently account for 15 percent of householdsOn average, &lothes washing
machine igeplaced once every? years’

The Waterwise database containges 260 washing machine modélsat were availableon
the UK maket in 2007 representative obver 25 brands(appendix 2.1) Wash capacities
varyfrom 3 to 10 kilograms, with the most common |Iadking5-6 kg.

Meanwater consumpion for 6 kg machinewas50.20l/cycle §3=4.93, with a meanwater
efficiency indeXof 8.37I/cyclé kg S3=0.89).

Meanwater consumptionoverallwas54.08l/cycle §03-8.29 with a mean water efficiency
indexof 8.44 |/cyclékg (SB=1.15). Median water consumptiorwas 53.00/cycle and the

median water efficiency index was 8.4Bcyclékg. Figures 4 and Sllustrate the

distributions of water consumption and efficiency in th@07Waterwise database.

FIGURE 4. Histogram: water efficiency of FIGURES. Histogram: water use of
50 washing machines 70 - washing machines
60 -
z 2
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g 20 o
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& & A P of Ofb o > QS 5 & > G’ b‘b «“’ @
I/cycle/kg I/cycle

Thereal water and energy impacts of washing machines are hea8ly i y RSy i 2y
behaviours (section 6).

3.2 Dishwashers

Around 600,000 dishwasherare soldin the UKevery year sales are expected to remain
stable over the nextew years. @ly about 28 percent of UK househololwn a dishwasher
and penetration isnot expected to increassignificantly anyime soon The penetation of
dishwashers in the Uis well belowthat of other European nationgor example 60 percent
of householdsn Germanyown a dishwasher Reasons often cited for low penetration in
the UK includehe lack of space in homeperceptions of high puttase and running costs

" 6BNWO5: Assumptionsnderlyingthe energy projections fodomestic washing machingss a I NJ S G
Transformation Programme (2008ittp://www.mtprog.com.

8 |bid. Other sources indicate 9 years.

° The water efficiency index was obtained by dividing total water consumption perbgyalash capacity, to
obtain litres consumed per kilogram (or place setting) washed.
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and theview amongst householders that they do not have enough dishegashto justify
the purchase® The typical lifespan of a dishwasher is approximatélyears™

The Waterwise database contaimser 260 models ofdishwashig machine that were
availableon the UK marketn 2007 representative ofabout 30 brands. Wash capacities
vary from 6 to 15 place settings (PS), with the most comyatcurringcapacity being 12
PS

Mean water consumption fod2 PS machines was 14.82ycle §D-2.29, with a mean
water efficiency index of 1.22 I/cycle/PSE0.19.

Overall, mean water consumption wag.10l/cycle SD-2.11]), with a mean water efficiency
index of 1.22 l/cycle/PSS(-0.2]). Overall nedian water consumption was 14.0@\cle,

and the median water efficiency index was 1.22 l/cycle/PS. Figures 8 and 9 illustrate the
distributions of water consumption and water efficiency in @07 Waterwisalatabase.

FIGURE®6. Histogram: water efficiency of FIGURE7. Histogram: water use of
dishwashers dishwashers
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In general, the use of a dishwasher may be more water effitfent washing up by hant.
In practice, lowever, the water and energy impacts of washing up are heavily dependent on
the individualdza S NB Q 06S8dkidn @ furthezidplores behaviour.

4. Water consumption and relationship to energy consumption

The statistical analyses conducted as part of this study have revealed that,
e across the entire production stocks of dishwashers and washing machmesergy
rating increases it can be expected that water efficiency will increase as well;
e between energy atings, thereare significant differences imeanwater use with A
rated machines generally more water efficient tharradBed models; howeverit

19 6BNWO7 Assumptions underlying the energy projections dishwasheré Barket Transformation
Programme(2008):http://www.mtprog.com.

M bid. Other sources cité yeas.

12 6BNW16: A comparison of manumashingup with a domestidishwashet Barket Transformation
Programme (2008nttp://www.mtprog.com.
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must also be noted that some less energy efficient models do use less water than
some more energy efficient atlels, even when adjusted for capacity;

e within a singleenergy rating, there exists a wide spread in water use among both
dishwashers and washing machinésr example, for Aated dishwashers with 12
place settings (the most common capacity) the waterstonption varies between 8
and 19 litres per cycle

e amongthose models rated best oanergy, there are still several that perform less
than production stock mean water efficiency; and,

e capacity and energy use do not alone or together completely explaindhation in
water consumption other variables also affect watezonsumption which may
include technological design, cycle programming, and teiffie between less hot
water / lower temperatures / more rinsing water.

The following sections detdihdings for vashing machines and dishwashers

Note that the mandatory ELEnergy Labebnly recognises A t& ratings TheA+ and A++
ratings used by some manufacturers have been created through a voluntary industry
agreement and though they may be used iomotional materials they are not displayed on
the EU Energy Label. Refer to section 7.2.2.2. for more information.

The statistical analyses used in this report take A+ and A++ manufacturer claims to be valid,
in order to differentiate washing machines ymnd the A level, with which the market is
currently saturated.

4.1  Washing machines

Analysis of the 2007 Waterwise database of washing machines revealed that 43 percent of
the variance in water use is explained by the variance in capéatye §. It was also
found that46 percent of the variance in water use is explained by the variance in energy use
(figure9). These findings are both expected since larger volumes of clotrootd require

more waterto clean effectivelyandabout 80 percentfl Y| OKAy SQa Sy SNBHe@
attributed to the hot water wash phas€. Thus, water use is expected to increase as
capacity increases, but is expected to decrease as energy use decreases.

13 Op cit 6.
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FIGURE 8. Relationshop between water use and capacity of washing machines
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FIGURESY. Relationship between water use and energy use of washing machines, not
adjusted for capacity
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When adjusted for capacity, 26ercent of the variationn water use is attributed to the
variation in energy use (figure JGuggestinghat one or moreother variables influencéhe
water and energy efficiencies of washing machind@fesanay include technologydesign
and programme durationthe precise saorce(s) of the unexplained variation was not
examined.

Pagel2of 48



Watemand energgonsumptions of dishwashers and washing machines September 2008

FIGURE 10. Relationship between energy use and water use of washing machines,
adjusted for capacity. Equivalent energy ratings are also indicated.
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A comparison of theelationship betweerwater use and energy use amongsbdels with a
capacity of6 kgalso revealed wide spread in watezonsumption(figure 1). ANOVARHR3,
92) =9.18p< Q01 Y R ¢ gosthéc®analysaevealed that the water use of those 6
kg machines withan energy consumption of 1.14 kWh/cycl®2.861, SD= 5.25)was
significantly different from that of 6 kg machines that consume 1.02 kWh/¢4&d 61, SD
= 3.73) Because the number of models in other energy consumption grewgsslow,
comparisons were not possibl&Vater use variecgdven amongst those modetsf the same
specific energy consumption.

FIGURE 11. Relationship between water use and energy use among washing machines
with a 6 kg capacity
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It was found that as washing machines achieve betteeral energy ratings, theoverall
water efficiencyof the machiness also likely to improve.

There was a significant effect ehergy rating on wateefficiency(l/cyclgkg); K3, 258) =

20.39,pf ndnmP {LISOATFTAOLf &3 dziéf A8 moder§752 Q& LJ2 .
I/ cycldkg, SD= 0.16)wassignificantly p < 0.01) lower than that of A+ (9.18D= 0.91), A

(9.13,SD= 1.08) and B (9.68D= 1.49) models. The A+ models consumed significantly less
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water than A models. B rated models, on the atlmand, did not differ significantly from A

or A+ rated models, but did differ from the A++ models. This discrepancy can be attributed
to the low sample numbernE3) of B rated machines in the 2007 Waterwise database.
Results of the analysédsllow:

Descriptives- Water Use (l/kg/cycle)

95% Confidence Interval for Meai

Std. Deviation | Std. Error Minimum Maximum
Lower Bound  Upper Bound
B 3 9.6900 1.49007 .86029 5.9885 13.3915 8.67 11.40
94 9.1281 1.08459 11187 8.9059 9.3502 6.50 12.00
A+ 126 8.1870 .90797 .08089 8.0269 8.3471 6.14 10.60
A++ 39 7.5177 1.01315 16223 7.1893 7.8461 6.25 10.00
Total | 262 8.4422 1.15193 .07117 8.3021 8.5823 6.14 12.00

Levene Statistic

Test of Homogeneity of VariancesVater Use (I/kg/cycle)

1.321 3 258 .268
ANOVA- Water Use (I/kécycle)

Sum of Squares  df Mean Square F Sig.
Between Groups 90.433 3 30.144 30.392 .000
Within Groups 255.898 258 .992
Total 346.331 261

(I) Equivalent
Energy Rating

(J) Equivalent
Energy Rating

Mean
Difference (1)

Post Hoc TestsMultiple Comparisons Deperdent Variable: Water Use (I/kg/cycle) Tukey HSD

Std. Error

95% Confidence Interval

Lower Bound

Upper Bound

56191
B A+ 1.503@ 58180 .050 -.0014 3.0075
A+ 2.17231(%) 59670 .002 6293 3.7153
B -56191 58410 771 -2.0723 .9485
A A+ .94110(*) 13573 .000 5901 1.2921
A+ 1.61039(%) .18969 .000 1.1199 2.1009
B -1.50302 58180 .050 -3.0075 .0014
A+ A -.94110(%) 13573 .000 -1.2921 -.5901
A+ .66929(*) .18249 .002 1974 1.1412
B -2.17231(%) 59670 .002 -3.7153 -.6293
A+ A -1.61039(*) .18969 .000 -2.1009 -1.1199
A+ -.66929(*) .18249 .002 -1.1412 -.1974

* The mean difference is significant at the .05 level.

Homogeneous SubsetsVater Use (k/l/cycle)} Tukey HSD

Equivalent Energy Rating

Subset for alpha = .05

1 2
A++ 39 7.5177
A+ 126 8.1870 8.1870
A 94 9.1281 9.1281
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B 3 9.6900

Sig. 411 133 .565

Means for groups in homogeneossbsets are displayed.
a Uses Harmonic Mean Sample Size = 10.595.
b The group sizes are unequal. The harmonic mean of the group sizes is used. Type | error levels are not guaranteed.

There is arunusual clustering of machines at the boundaries of eperdings(figure 10)
This clusteringnay demonstrate lte influential role that theEU Energy.abellingscheme
hashad on machine design, encouraging manufacturers to desigordier to meetthe next
better energy rating. Given theigh tolerancethat is allowed bytest standardsor the EU
Energy Labekhe clustering may alsde indicative ofa need to tighten testing standards
and enforcement'**

It is also important to note the wide spread in water efficiency amongst models ofiine s
energy effieency (figure 1D Thisspreadcannot be explained bgifferences incapacity or
in energyusealone;other variables must also be influencimgter consumption.

One of thesimplestways to reduce energy use is to alter the hot water wash phase, which
al02dzyia F2NJ GKS YIF22NARGe 2F | YIOKAYSQa
amount of hot water used or by reducing the temperature of the hot water. Both these
options may result in an increase in overall net water use, as more water may be nieeded
the prewash or rinsing phases. These traufés may explain some of the variation in water
use among models with the same capacity and energy @ber likely variables affecting
water use may be technological design and cycle programming.

Testingof five Energy Saving Recommended washing machines revealed that two models
used more water on the 40°C cycle than on the 60°C cycle, and that the other three models
used about the same amount of water regardless of cycle temperafure.

Severalvariables mfluence the consumption of washing machines. Since energy use is of
more interest to manufacturerbecause othe mandatory EU Energy Label, the effects of
these options on water use may not necessarily factor into the production of a washing
machine:the wide spread in water use amongst washing machines of the same capacity and
specificenergy consumptiordemonstratesthis unintentional effect Some manufacturers
may be increasing cold water use in order to make up for the decrease in hot water use,
thus meeting energy efficiency requirements at the expense of water efficiency.

Furthermore, the analyses of washing machines reveal that rttst energy efficient
models are not always the best terms of water efficiency Qrganisations providing advice
to consumers wishing to buy a water efficient washing machine often athasen energy
efficient model will likely be water efficient. This is true: an A++ or A+ ndumen at
randomis likely to be better than an-Ar Brated model; howevereven anongst the A++

“There is a 15 percentlerance allowecbn measured energy consumptipor 10 percent as an average of

three retests if measured consumption is greater than stated value plus 15 percent.

1> 6A review of the range of activity throughout Member States related to compliance with the EU Energy Label
regulations in those countrigsENEG2007): http://www.anec.org/attachments/ANEQR&TF2006-ENV
008%20(final).pdf.

'® Market Transformation Programme, personal communicat@®07)
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and A+ models there are several that are well below the mean water efficiency of the
washing mabine production stock (figure 32 There is a good chance thah &+ orA++

SYSNHe NIGSR YIFIOKAYS YlIe y2i ®OESFHOSNASRBXFA

better than production stock meafrepresentative of best practice.

FIGURE 1ZFigure 10 with production stock mean indicated. Those models that are on ar
boundary receive the higher rating.
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In general, as the energy rating of a model increases so, too, will its water efficiency;
however, as the above analyses hashown there is still a wide rangen water
consumption- even amongt those models with the same capacity asgecificenergy
consumption Therefore, there is scope tencourage greatemwater efficiencyamong
washing machines. This is particularly the case for the production marketvhsla, since
water use varies significantly aceenergy ratings and capacities.

The need to address the wataseof washing machines is discusdadher in section 6.

4.2 Dishwashers

It was expected that analyses of tR@07 Waterwise database dishwashers would result
in similar findings to the washing machines; however, tiés not the case. It was found
that the relationship betweerthe capacity PS)and the water use [/cycle) of dishwashers
wasvery weak Only about 3 percent of the vatian in water usecould be attributed to
the variation in capacity (figure 13
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FIGURE 13. Relationship between water use and capacity of dishwashers
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There wasa stronger relationship between the water use and the @yeuse of dishwashers
(figure 14. About 12 percent of the variation in water useuld be attributed b the
variation in energy use.

FIGURE 14. Relationship between energy use and water use of dishwashers,
not adjusted for capacity
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When adjusted for capacity, about 25 perceftthe variation in water use waesxplained by

the variation in energy use (figuré)g but, when the water use and the energy use of 12 PS
models was examined, is was foundthhere was a much weaker relationship between the
two variables: only about 5 percent of the variation in the water use of 12 PS machines
could be explained by the variation inengy use (figure 16

FIGURE 15. Relationship between water use and energy use of dishwashers,

adjusted for capacity
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FIGURE 16. Relationship between water use and energy use among
dishwashers with a 12 PS capacity
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All this points to the finding thatlike wasing machinespne or more variables other than
capacity and energy use hawestronginfluence over the wateuse of dishwashers. These
may includetechnolodcal design and cycle programming, as well as twifie between
water use energyefficiency andwashperformance. The relationship othese variableso
water use was not explored in this study.

There is a wide spread in water use argahe Arated models (figure 17), partly because
there is also a wide spread in energlhe vast majority (96 peent) of the dishwashers in

the 2007 Waterwise database amated A for energy. Whereas ¥oluntary Industry
Commitment for washing machines has led to the marketing of models rated A+ and A++,

which are not official EU Energy Ratings, there has beenimdas commitment for
dishwashers.

Therefore, there is a walspread of energy uses amongaied models, leaving scope for
energy and water improvementsA t-test showed that the water efficiencyl/cycléPS of
A-rated machines was significantly betteverallthan that of Brated machines (t (18) =
13.88,p <0.01) It is likely that this spread may tightéarther if the EU Energy Label is
revised to include better than A ratings.

FIGURE17. Water use of dishwashers by energy rating, adjusted for capacity
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