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This paper documents the experimental results and energy savings estimate from an end-use 
and water metering study of a sample of 104 multi-family sites. These sites were treated with a 
comprehensive Domestic Hot Water (DHW) retrofit consisting of flow efficient 2.0 GPM 
showerheads, kitchen and bath aerators, tank thermostat setback to 130°F, and a tank wrap if 
necessary. These measurements were modeled by a regression model with variables for occupancy, 
setback degree, and delta flow at the primary showerhead. The model was used with actual measure 
installation records to extend the results of the study sample to the full participant population, in excess 
of 25,000 participants. The mean savings for the whole participant population at actual observed 
measure installation rates was 930 kWh per year per site. 

Introduction 

This analysis was designed to quantify the electricity and water savings resulting from a slate 
of water heating, space heating, and lighting measures targeted at saving domestic hot water and 
electricity in multi-family units. These savings were associated with a large utility program intended to 
serve multi-family customers. 

Since the program's inception, 26,656 Oregon customers received conservation measures for 
their electric water heaters. Water heating measures included water tank wraps, pipe insulation, low­
flow showerheads, and aerators. The thermostat settings were adjusted to 130° F, as necessary. 

The measurement and verification approach was performed in two phases. In the first phase, 
electric water heat consumption and water savings were estimated using detailed metering of a 
rep:r:esentative sample of 104 multi-family home electric water heater tanks. Once data were retrieved 
from the sites, a multivariate regression model for estimating savings and extrapolating the results to 
the rest of the program was constructed. 

The installed measures lowered water heating energy requirements through the following. 

• Tank standby losses and fixed flow end-use loads were reduced by lowering water 
storage temperature. 

+ Tank standby losses were reduced by improving tank and pipe insulation. 

+ Water heating load was reduced by lowering showerhead flow rates. 

+ Water heating load was reduced by lowering the flow rates at kitchen and bath sink 
outlets. 

At the outset, it was not clear that this program would have per site savings large enough to 
overcome the noise in water or electric billing data. Therefore, end-use metering on a representative 
sample was identified as the preferred method. However, an objective of the analysis was to establish 
water savings as well as electrical savings. This significantly complicates the metering task since, at 
each site, there were several water outlets to be metered. As a simplification, we opted to meter the 
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water heater tank to/oughp�t f}()w. In g!;!nerf!l, the .end-use water flows were at a temperatlire 'lower 
than the tank set point because .ofcoW w.ater:mixed in.at the point of.use. Further complieations' arise 
because ,tb,e .quaptity_ o.f Al��d cpl9 water is ,de,p.endenLen the tank set point temperature� which was 
��-g�cf �p���n..�e p�e.- .3.fld post�measurernent "ntervals. The water savings.portion ofjthls"estimate 
re!q.mred careful tumng o� �e Il!l:!t�nng_ methodelogy to account for tl;lnk set point <thanges. . , · - .. : . , ;:) ' , The mea�u.ren;iC?nt .an�1 �erifica.tion, method .:rep.orted· here is' ;intended fo proviae dired 
measurement of savings at a reasonable expense. It was designed to compliment a regulatory process 
that was stalled by various asswnptions of showertirne, user flow rates, etc. To· be"lcredible; 
measurement needed to get beyond the subjective assessment of showertime and flow setting and 
concentrate on an end-use measurement of pre- and post-total DHW.energy.; • ; . ·::. ·,, : -' .. · A' 

1 ;· ··r 9fh�!- tuqi�� ��ye f���ssed,on.�nd-usc;.e_qergy, but.none has been o a_.program;with the same 
measures. One of the mo�tJigorolW pri9r·st11die!!. (W�t�k 199.3.) l!Ses·hourly annual DHW electrical 
'1,�-��-e rpea:i.ur�lll�nts,1'fi,.is stupy pr(_)vide� measu.reIT\ents of tbcr ·��a.son.al cl,emaod· impacts as.well as 
tJie annua) energy LJnJ?.acts;,: JJi:i;f�rtun�te�Y.i s0I)le of tl:>.e rep11;1..cen.1ent .s�pw�rhead ·used in this study 
were 1 �orly m�tcbed to the sites,, �d s,ho1weq ,negative iS�vings. . Thi� s�dy .lJn,{,ierpredicts current 
practj�e spowe_r:head savings. Another.&tudy tha� direct.Ly meas,ured ,showerhead sav-ings is an impact 
evalu�Uon for Puget Sound Power and Light (SBW 1994). In this study, the end-use flows were 
measured by aµ ,,elaps�d flow metex,at the point of u�e. and it gives some insight as to the distribution 
�� �� . wate� ;use �y fi��r. triiC.1 ' �ere a&ajn, �� .replafe�ent ��o�e�,hea�s we:re nc,>�ally 2.5 GPM 
�d tliti. studr, Rf<?P;ap�f, ., lU)��rw�cijcteq 

I 
the, sav1 gs_. q.-��qq1a.�ep ":V!tb 't h,e, 1c�rnnt practl�e of 2.0 GPM 

replacement showerlieads. 
. ·- . 'c:J. ·'1 .,I : • 

The more typical type of impa.ct estimate invo ves an engineering estimate of savings from 
short�:..term site measurements and interview data. This approach was employed i.I.?-. a well known study 
of showerhead shavings for PG&E (Sumi, Miller & Proctor 1992). This study used a combination of 
telephone interviews and site flow and temperature measurements to synthesize a savings estimate, but 
this estimate did not directly measure the savings as in the Puget study''. Ai:tolhet estimate oftllis-typ��is 
found in an analysis of a showerhead program for SDG&E (Martin and Wiggins 1993). This study 
showed pre-retrofit flow rates in excess:of 4'GPM. · ' ' r. : ' • ' :, ·'• ·-
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j 1 11 1- Wat�r1 ,heater·· electrical and .water . ROnsuW-ption .w�re measured at . each site: The electrical 
consumption was re_s9r�e� with .a sma�l dab;\ }oiger th3;t r�corded the, '.c�ulati"e run time while 

cpr�11t. rf¥! t¥1?Hgfl_.t�e w_ater. heate�-.
.
wir ., This �-tip.1e me��ireqient·1w�s thy_ry _m,ultipli�,�y t�e 

l?B\".�F.�r.�w .... �Of�.thy water heater, whi�p ':'fas recorded ?Y ac� me�m:�ll1ent, d�i;ing ,the imtial site 
yj,1it. The installa"tj..oq. proce?ure was �o run the hot wa�er unt�l 

.
�he wa.te� he�te.r,,elements turned on, 

then measure the wattage usmg a clamp-on ammeter, such as the Amp-probe. . , , , 

At each site, a Wijter flow meter was. ins�lled on .the cold inl.et line to the water heat�' so that · ' � J ( ·. . . \ · ' t _ i · • , ' ' , I , . . . , · · , I � , • 

the amount of hot water used could be recorded along with kWh.conswnption. . . · ; . .. , , . � • • ' : '. • • •' � ,. ' J } • J .J -�: l ) J ' ,, . .,! 

At each site, staff recorded cold water temperatures from a cold water tap. One measurement 
per building was considered sufficient. Staff also recorded the hot water delivery temperature for each 
water heater. This was measured at a hot water tap near,the water heater. Finally, staff verified the . •:·.;:'' • , I · I ' 1'.' 

r . 
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shq,w£rhe.!!d and faucet aerator fl.ow rate reductions by measuring each sh·ower pre- and post-retrofit using � ·�M)..cr;qh Weir. ".Jhis measw·ement confi1med the. ch'ange in flow. ' 
' 

. 
• · . . .l:WP dif;(ereQ.t .tt:st�periods were analyzed, One iiJeriod of'apprdxirh.ately ·four weeks es.tablished t��1�M<?1ine�onsump.tion with"existing equipment. Jibe secontl period (also· approxin'tately fbur�weekS) established consµmption,following the installations ofifow-flow 'showerrreads, faucet aerators, 'ilA=ct W�r.:Ht18.ter Ins\llatiort Kits·(WHIKs) and thennostat at rest. This testing 'required tnre� site visits. 
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The specific site data collected::were:'1:: , . q ":,;c .; ;; •· �·11 ,'-L · ;fl• ,,- · 1:1Jr:'.·: o:· 

; '.lt.• ;�L .Demographic and<iderititioatiori data (these included 1lame, adcfress;''oc�u���? -r��en! 
�.1; ,, .; •

• ·.• ·, 'I- change ofpccupancy,'disfiwasher \!lse; and'Clothes washer'ti�e). l1 :J,;' . . J , <.\ • �: I .I 
GL ; 1 . . -�'.;;� :J Bot water use ·by measur-ing water flo\v t6" anti fuough the ti.' TheS� m:�ld�·;neli��­
">)L �- �.,:iJ " were.made.using a wafet-b'letednstallediarthetank1s'.cold water'ifii6t� -:1·''JC II" 

. -., · 

:Ji�:..-.?'')jf; Measurettients ·of the ·tank"s· inlet and o�tlet wat'er1tcimperatures=. TH�s�· wer� Jrl�de' by 
.r1 � :· ' . · r; measuring the fulFhot ari'd't614- ��Iy t�!llperatUres at outlets nearest the tahk att�r Ie;tting 
.1'.'·· '.�": ·! 1 the water run for at least a minute.' ' -�. ' •.-,. 

· : · ;r!'+ .'.) Water heater electric measurements. These were n\'e�ured by attathin� a' ���tically 
•;vi Ii) :: �� ifidueed' elapseei tiiiie meter1t9 'tlie electric wfr� strvti'i.gifi}e'. wfilbf1healei. These"�eter�, 

... " 
; .• ::· < 1.· vlere 'actuated.)hy 1thi· tiiaiige

· ·m · mag.netfo field· in'·wii"es cott��p' onCiir1� '·t6 .tile' fiot\�1alg� .. ' " "f;QI ,' • • I •  1"1�)' 

• 
heater elements' on and off stat�s. . . 

· · "  
. .  J. ' 

. � . , l · .. y ·-\., · ·1 '..'.� • ·; t • 
Flow rate measurements (with a Micro Weii;) on the original and repla�enient 1-< , J , I ,. � •• • ••• , , show�rheads and faucets. .. .. ,.rr_,1!; 

. 'J.. j .:;:1;r��-�f:?.. • . .. ..._,. _ ,'· � 1°� ··'' '" ,' , D�ta O.e.aning.Jtnd Nor.DJalii�Jion-'1': ··r•1 
I' . ' , . I I. ·.- -�),t�·�-� • '.J-�H.tq.� '·, ... l 

1� .. :.i �J1_·1u1:r�:1.�J r!�J; . , . . 
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Data cleaning a normalization proceeded in the following steps • . , , P : ; :..· "t· ·:: 1:,, i,:"' h;; 
• Missing or inaccurate data caused by equipment failure were removed from the 

analysis. Data from periods of extended vacancy were also removed, .lO.:·)�t�.P'Pi�r. variances in the results, we removed cases deemed to be anomalous \ISing traditional 

• 
statistical methods 3:' '_V�ll as common sense. . . . . . : ; . ·: i , . . . f Data loss from the 1mttal sample of 104 cases vaned by the vanable"of mterest.··-PJil 
ex.ample, 72 sites had complete demographic and water usage da� and no majoi: _periods 
of vacancies. These ites ·cdrhposed th'e�bore "of this' e'valtiation. · ihe electrical bitime 
meters failed' a all but 3"4-fases'·que torf�tl:lu.i i�tallatfon procedures. _;· . if' -�· . ) . 

• .1 \� I .... · 
·, To I account for dB:lereh�es. uili the' le�gth :;; of monitorirt�/' e:onstitlipti"&,k :da�: w�re' 

·:·•i:. 1 . . i ,., ?''·calculated as an avera�'·K:Wh J)dr:Jaff6r each sit�. bat�'for each sii� 'we�e ' h6rl;b..�Hze}il 
:-. to . avetage i ruiii:uat inl�t temperatu�e "'bf !corrections involvmg' ' : ·measured1 wa 

I 0 - ""' •  -t, '"fli� I - r:f '�l . te�eer�tures. · . ..... . . ,
. . . . ,... . For each site and each measurement pei;iod, amotinWof standby and varfable .. con'Sdfuption were 

estimated using th_e following • : · 'uatio'i:i::i .;r � - ·;. '.. ;� ·''> ., ·:' , . .,. •· --'1.10 · . . 

:: ·t�:>r. 
• ,.. r . .  . " ea. ·····- ., � , . . .. . � .  J •. ., ' .. <- ; '' I ' ) ':" .  
• 1 "'i!-) :.J ' � :, 1, t It, \I : · f ' I.._; I ' .., I , ' ,) - .,. I • o. • \ ·.,,.. I • 1 f ' "' _. � - • "'  ' 

j!'�·� .o ·1 ;; . r·fhl .�-t�i� ; .1 ·.� . �· _ :..·i..t -: ..... --� ��.::J > · �>.b 1f.��;;';1 :;j l·-: ,. '1:;: :i;<:.r1·,>�; .. .£ .�.- .','1;b11.1.Jd ,':Ki 
,,dJ · i!;. !•\' ilc:t; · .,;i.�,.,_;\w�iJa;���;b�v� i�hl&�./,;�;n-1iwhfdli],:�,�b1. '�·:'_,if' '' ·;• '.'�� "f .·�.r,·f! . '' �j ;r{ ,.�;f)J,1 



where kWh/daytotal was the averag�kWh 'per daymeastired at thei site durlng eachh'iea'sliiement period. 
The kWh/dayvariable was computed as: , , 1 

8.33 BTU/degFgal 
kWhldayvariable = (Tou1-Tm•a>11red )•(Gal/day)* = --•=- ="==="=== 

. .:. . 3412 BTU/kWh·.:: .. 

Gal/day was the average water flbw through the hot-Water tarik at the' �ite� 
To adjust for seasonal changes in incoming water temperatures, t�e _variable component of 

consumption for each site and each measurement period was adjusted 'using: , " ' ; ' 0 '': " · "· · · 

· ' \ ·· ; · " " · · ·- · ' I 1' '' · Tout-,T,. no/ ,. :41.:'�l.E.!1':>1 ;,,kWh!da'y • 
·,., =· kWhlday�10nd ''+'kWh1day;,,,,1a��"+" · "''' .- -

,_,,. " i·1 "'• '·) P • I , , .- r • Atfusted. � .. , , . . . . � ' .. r \ '· , t . t �, T ...... T , , , ' .. i ,(..., .. �,i' ,'•I" ' l �:; ,,;,_1, ,f .. · · '.? .: '� ··. ,'r , : · ' . . 1 "" • ·  .( .·. .  ''1·� ··' · :o'ul · measuri!J' ·- •  

, !�_iJ.:_.-..; f,-'l: 1:·)�H u� .·1: . •  1 ,!�· ,1 _, . t J· ;;,_;.:��.,, .... ·: ·· ···/., ,., .. ,· . 1.1 .. .. - � ,{ :J.:�\)'. i,: .. ·,.l�'.\', 
,wher�1'kWh.fdl'.!:YailJust )Wa$'1the Daily kiWh with1average arinual folet·watertemperature; kWh/daystandby 
was the Amount of kWh/day consumption due to· .standby. loss from the tank eomputed1 ,using. the 
equatj�J1;. k\V;h/dayvariable wi;w, lhe Variable .ammmt: of coruswnption, Tout wai:; the Delivered hot water 
�emperature mea;;.ured: &t the , site during each measurement period,. TnonnaI was the Normah\verage 
annual cold water temperature.1, ,a.net Tmensuredwas. the Measured;cold water. teniperatw:e at the site 

, _c,luring ��Qh m_easur.�nient periQ,d� , . · : . , , . . - . . , , . 1 • 

, , The -'!ldjqstment for_ temperature· applied , only· to the , variable portion .. of. the." o.bserv.ed 
, �on�µmption...Jtwas corrected_ only for the .change in.the inlet water temperature's difference be.tween 

hot and cold. 
;j ' l • f • r ; �., : ' ·" j • J \. 

Estimation of Annual Electric Savings 
,, ' 

At each site, seasonally adjusted average annual variab�e savings were calculated as: 
'J •I '" 

i . 
Installation of the water heater insulation and temperature reset primarily affected standby 

:0.d.osse�. Annual 1s�yings Jm; i}:).sulatio11. meast�es instal,l�d wen; separcited a.s: ·;., . l :_, , . , . 
· : , .. - 11. , 

/J.kWh.,..ulaton = (kWh/day,1and'-• -kWh/day•landby ) * 365 I � -

Similarly, annual savings for "".a«;r saving measures (mainly for showerheads) were computed 
by disaggregating the change in vanable kWh into fixed :flow· fuld flow· reduction savings. Daily 
savings associated with fixed flows wefe 'C'alcUlated as: 

. . - · . . .8.33.BTUldegF;gal 
/J.kWh/da u . ' = FXT*(T · -T ·'·)*Gal/day*' _,_,_ · ·  

--'fa�dpow \ outp,. . ou/f'!MI 341 2 BTU/kWh 
J j .  - ' ' ,:.\ ' 

\ \ ,, �,'.-' ', , :• .. ::-'.'�1· . 1  L . . ·. > . i1· :,. : : ," :-·. " ,1 .i 1· . !.�,' , · 

where FXT was the fraction of the hot water tank flow to fixed flows, such as dish and clothes 
washers. Calculations were based on the assumption that FXT, the fixed flow, wa_s 35% 9fth� pre-flow 
rate in gallons per day. 

· ' · .- ' ,. ' 

I•._,, J • _,1 ';'-. " ..--., i'�'. \ ' ,,-j ,,; .'' ·;"• -.•J; 1 '  ' '' 1 "
, .

: ; : 

This corresponded to the cold water temperature between 4/25/96 to 515196, or the temp�ratl,lr,� ,t'!ke� ?� ��. 1first 
visit. 
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Annual saviµg� as�ociated with the flow reduction �:were calculated as: 

llkWhnow . = (llkWhldayvarlable - llkWhldayjlx ·' ) * 365 J' r�ctJon f! �floi.• 

Total annual site saving$ were calculated by adding these three savings components: 

��Jf.�1oial ;� llk��j(&<Wlalio� ;� fl��;�(ued110�; �!/�kWhflaw,;.cuo• 
I Ji:··:· f}{_ J ..... -�-!h:· ·-,,:·i: . .. : .. : ·�;._ff' • ., ··� .. f.,•.I �l·· Ci ... i ·,.; �.· . Estimation of Annual Wa,t�r �av��gs , .;'·�; , .,.�-,;r� r: -.i·: .·>.:· :· 

'· 

' I '... '• -- . 

. .· 

Data from 104 sit�s.,·were .. s£re�ned forJ�yc�p!\Ilcy ch�ges pre- to post�retrofit. All remaining 
sites with complete water measurements 'pre' and post were"selected as the\vater flow measurement set 
(72 sites). Some data reconstruction was necessary to fill missing dates and decimal point errors . 
. ·1hniii?..,(G.;Water flow-measurements .were·made with1measurement interials,.Of30 to 40 days·.'-·Tue'se flow 

:me�surementswer.eri01malized to gallonsperday.: .. 1,1· · [' ;·:, ··' '. ,:·.i'; · 
_, ; . ·' - :.<r :�.'/" 

1":c.. 1, Water flow sa-vings· were not normalized for seasonal' vatiability�"As previous :rrionitoring 'did 
not:::·derilonstrate significant seasonality for .,the·1 amount ,of hot water :consumed (ODE;··'1987), 
programmatici results were the mean of estiinated annual saviilg.S fur all 'sites. ' '> i' ,_ n 

These water flow measurements were made at the tank and, therefore, were intennediate water 
'"·flow . .measurements, as ,_nonheatad water· consuniption was .ruso�irred'uced. TJie.�meas'Urements were 
cons·otidated with water inlet and· outlet; temperature measuiements for - use in estimating lehergy 
savings or water savings. 

' 
-- . 

Gross flow savings were first corrected for tank outlet temperatures from pre- to post-period 
using the equation : ·�:· .::;, . : _, 

." , , { ,- j :1 .� • • I 

6.jga//daycorrecll!d = FXT * (l -
. , . 

· ' ·, p ·,. . l •· l .'�•�I ji_ ;" 
,\)'r . •>\ •'P' 1 1{) • �·· 

where FXT was the Fixed.flow fraction assumed to b� 035*'f1. f1 was the"'Pre-retrofit flow in gal/day, 
and f2 was the Post-retrofit flow in gal/day. 

! ' ,, 
The portion of the totaFcotr�cted '.change· in ·iWateiti-'1lse• that-i� 1attributableito::the ·program was 

calculated: : : , .1• '·• ,.. ,. 

. , . - ..... 

. •· 
I" •• •• 

where T fixture was the· water delivery temperature at the fixtqre (assumed to, be l OS ° F). (This was 
intended to be the weighted average of the shower · and· bath water temperatures. This was not 
measured but rather assumed to be within the human comfort zone of 100°F to l 10°F.) 
•'It.)< ) I.fl 

' 
·�· : i . . ., 

. 
· ... ; . ·i'l ?�:� 

• of! Analysis �e�'iiltS":"1 ' !,?, ·i .. :. : �. ;i .J ' '. :  .!:s 
·:,.-� i· :�-; 0 !fr;r� ni. ':.·· 

The normalized seasonally corrected measurement data were-reviewed--and aggregated- in 
Fi�ures 1'.thto'llg'-h 3:'' · 

.. ,, �1'· ' >•·' r� ';�·u1 -"1-,,,,·:; 01�'! 
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Figure I summarizes the water measurement results. The Daily DHW Consumption of Figure 1 
normalized ?istribution of daily !lverage water usage. The,re is a clear-cut reduction between the pre 
and post penods. · i, 1 • , • · ,, 

But note that this mean reduction is only 6.37 gallons per day. It is important fo note that this 
tank flow reduction is at the tank discharge temperature, generally l 40°F or higher. The flow reduction 
at the fixture is larger d�e to the mixture with cold water. After site-by-site corrections for pre- and 
post-tank discharge temperatures, the fixture flow reduction is estimated to be 16.9 gallons per day . 

. . 

Figure l� \Watet. Flow�t Tank 
• t . ' ·' ... 
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.. .f . . 
The mean Pre and Post' usages ·and saVir\gs in gal/day are: 

PRE POST SAVINGS 
Mean 40.99 34.61 6.37 

Std Dev 23.55 20.80 10.41 
+!- 90% confidence 4.57 4.03 2.02 

Figure 2 summarizes the measurements of daily variable DHW energy use. In tq!s flgure, the 
average daily variable energy use is presented in the form of a normalized distribution showing the per 
site variable energy use varying from about 2 kWh/day to 20 kWh/diiY· 

-

This is also 1a clean-cut shiftrin this distribution between pre-,.and post-retrofit showing a mean 
savings in variable energy use of2.04 kWh per day. · .. · 1 1 • .. 

Variable savings were disaggregated into two components: fixed flow and reduced flow 
savings. Fixed flow savings solely resulted fro� red�cing t�e hot water temper�ture to water for end 
uses other than showetheads and aefator:..-iflstalled faucets. Reduced flow savings W((re baused by a 
reduction uf the vulwm:: of waler used. hr the µµu�ehol<l. Both savings could be calchlated using the 
previously cited equations with 3.5% of the water· flow assumed to be going to fixed-flow appliances. 
Fixed-flow savings were estimated at 0.28 kWhlda'y, or 103 kWh annually� and reduced flow savings 
from installed showerheads and aerators were calculated at f75: kWh/day, or.640 kWh annually. 
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Figure 2 .. DHW Draw Energy ! ,'i• . 
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0 0.1 0.2 _ O.'.\ / -'04' ' d.s-1'-1' 0.611'.: 0:7 {).8 0.9 
J•rachon of sample wilh lower consumpl1on 

--�sorted pre-retrofit -+- matched posl-retmfit.__ sorted post-retrofit 

The mean kWH/day variable-�.nergy and savings are shown below 
in kWH/day: · 

·· 

- -

Mean 
Std Dev 

+/- 90% confidence 

PRE. 
8.08 
4.98 
0.97 

POST . SAYINGS 
6.05 /• 2.04 
3.75 
0.731' 

2.28 
0.64' 

, , F-igure 3,, Tank Standby Energy ' 
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, Figi.µ-e �-, summariz��. $�· measurements Qf daily standby energy use. This· figure shows a 
·'.riq�alized di$tribution of daily st�9PY.}�nergy w.ith'daily standby energy.varying from -1.5 kWh/day 

lo· 5 kWh/day. There is a clear �ft in these distributiops between ·the pre- and· post-retrofit data 
shbwing a mean daily standby savings of0.69 KWh/day. " , . . 

Surprisingly, the distribution in Figure 3 shows negative standby savings for several sites, 
whic� i_s imP.?S�ible for a � main��n.ed w�er.1lhW! .�ts su.rrouµdings .. J'h� im,plfr:ation for these 

. ··��dfrlaf ous c'a.Ses. is tlial more· thermal energy emerged from �e �� tliap '$e e}ectrica l energy input to 
the tank. The larger of these negative standby losses is too large to be attributed to measurement errors 
alone. It is more likely attributable to a process error that characterizes the inlet temperature to all sites 
in a building from a singl� -����wement .ut .the .. sitc nearest the water inlet to the building. The otht:r 
sites in the building, on' differynt� floors. ;anq ilt. le�t l OQ feet from the primary water supply, are seeing 
inlet water preheated a few degrees-by its passage through the building walls. However, this hypothesis 
was not -verified.-Assuming that this errot was due-to -a persistent. cause, comm6n to both the pre- and 
post-measurement intervals, then the effect of the error will be minimal bec11;use the savings estimates 
are based on differences where the ·error will be cancelled out. 

,,, ' '' . ' . ' . ' . 
!J'otal savings . were estimated at 995 kWh per treated site. Measurements also showed average 

water savings of 6, 169 gallo� per year at each-site, as in Table 1. 
; I - � 

- .. J 

T�bJ� J.. MonitOred Progr�m 's'�viri'gs of the Analysis Sam�le 

Electric Energy Savings- ., kWh Per Day - - Annual kWh Percent ofTotal 

'Fixed Flow Savirigs 0.28 103 10.4% ' 
Flow Reduction Savings 1.75 640 64.3% 
Sta11dby Sa�i.11gs .. I ·•• i' '' 0.69 I 25,2 ... l : I : 25.�'.Y� 
Total Electric Savings* 2.73 995 100% 
water sav.ln�s - . 

· "C�alions Per D�y ' 'Annual '<�al ions 
Total Water Saving� 16.9 6,169 100% . . .. . '.! :;.!).1.. .. . - ·, 

. · d!i · i..ii Totalsaviligs�Yierf parti�oned in.d'the stan�6y a'rld fl�w�te1ated coinpohents'Jci(ihe 34 sjtes with 
11 _ · ; ,;., 0-1. metered ele'ctric data: The average' standby savings monitored in ihe''.l4-'site sample was as'sumed to 

.. ,.. apply t!).the full 72-site study sample. Program standby savings fonne� the cllfference between pre­
and,post�period standby electricity consumpt�on . "· �., ' ' ' . . . 

Extrapolation of Findings to All Program Participants 

Several multivariate regression models were constructed to extrapolate the estimated energy 
savings for the measurement sample of 104 sites to the full population of program participants. 
Essentially, the purpose of the regression model was to correct notable differences in the mean setback 
temperature and occupancy observed in the full population. 

The model with the best fit to the measurements is executed in two steps: 

(1) Step 1: Estimate Pre-Draw model. The Pre-Draw in kWh/day was estimated using: 

PreDraw = a + p 1 Occupancy + p2 TempRise 



" where Pre-Draw was the pre-retrofit draw of the water heater in kWblda)i/Occupfil19Y 
. was ·the number. of occupants in: the household, and TempRise wa$ the ClifferJnce 

. ; 1 .> r h�. ·.· ! '::;r •.between inlet and outlet water temperatures. (Model results were as follows: a �  ::5,S,6 
t • • ,, • , 

? '-l l f_J; 

P1 = 3.os, and fh = o.091 .) 
· · • 

. 
· 
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,.� •• '\ I , ' ' � � �tep Z.; E._$tbiia.t� Savings Model. '!he.average LikWh/day was estinlated usmg: ;. 

• • 
"J • ;..i ; • ·. . 

i I · '•' - ; • · - : 
- ·  ll·kWhlday == .. ·a +·J1 1:r:el)ra"tl( + J2 ti.T-·+ J33�pcc�pcntcy + �4 A:1;fo��::·��· '"'�1; '; 

. .. ' 
' 

. � 

I . -- - . -

' ";., - :�; :; .· ! · ;, ·, ..., , . �- �· , . \· · �< -" r ;� 
where AT. ,.was the-.temperatute ' reduction · (setback) · ·and Mlow was ··the ·change in 
s�q,�ef�7ti4,Jlo�}1� �a�p�� J?eF ,��I}»�r::.Ihe;ll}Rd�l �rn".ided ,a g�)(),d. ov�nµl fit �th � 

: �; . of p. 7�. Ail vanal;>,les, . ��cept At').9w,);had . s1gmficant ;�tests , _(detruls provided m 
Appendix: .C).; ,figure 5 displays the 1estimated• model (actual versus predicted saving 
values). (Model results were as follows: a· = -0.47, IH '== .040, 132 = '0�0392, �13= -0.41 88, 
and p4 = 0.0058.) 
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l: F�gure fr:- Saving� .·�1lode.1 I 
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-4 -2 0 2 4 

. Aciual �.avin_gs, k�h/day .. , · 
� I · , '. 1 • · I · ' . . . ,.. . I , � , 

6 8 

' "' ,.......,.., .. ...,_ , ... ;..... . .,. _  .... ... ; . ; Inserting �verall program averages 'into the regression resulted in savings of 2.43 kWh per day, 
or 889'kWh/year·, 

· 

. . . ' 

. :me. regr8faion l!}Od�J�.:bnl� .pr-0vi?ed - ��9-inates ofrthe vaif.� . le s��i:qgs and
_ 

no._
t.}i,iF standby 

savmg . . The av�rage .. s�9-by)��avmgs.. pf •252" ICWhLday computed 'fcl the measuremeni -�pl,ep was 
assumed to apply to the population. This was then-��q�d Jo �� flmy_savin� e.stimate o'f1889:fo obtain a 
total ofl ,14,1 kWh/day f9ith� population�Table 2.displays fl disaggregatio�·f�i:_ the popul_!1_�<?n sa�ings 
based on th�\p-etC"eiltage ·q saxihgs distribution obtrumed from the study sample. ' . 

1-- he I>Qpulaf on's aver,ane water savi.11gs were ·deeme� to -R,e equ·al. t!fthe-·�ample's (6,:169 annual 
gallo� pefp�cipant). 

P : .. ·" .. . . . .  _.. 

· ., 
. 

., y 

., 
� • I 

' 
...... � .. - . 

' ,-

Table 2. Program Population Savings by Type 
,; . ,; � ' ; �) ' ,  l d ' 

' '  , Electrlc Energy 
: c: i. ' ''0" S_avinhs · . . . . . 

I 
Fixed ·�1ov?sav1rigs · 

' -

Flow Reduction :Savings. , . :  . ; . 
. .  §�mt.by s�ving�, . ·- · ,. 
Total Water Heating Savings 

- . -��t�r S�vlngs 
· ::y6tal Water-Savings .. 

- -
II  :!u i  

J 

Percent of 
Total .-' 

10.4% 
. � .'· . � .. ' ' 64.3% 
. 25.4% 

1 00% 

---
: •·. : • \--: .  10'0%' 

I 
. J •  .. • 
' lj . - \ , , . . ,.... . 

' 
I '  

·� 

" 
., 

Annqal P�puJ��on 
· _kWh ��vlng� 

-

. ' 
. .  

103 
786 

- -

. . ,252 
1 ,  141 

Annual Gallons_ 
·' · 

6� 169 

' 
I 

. . ' 

,�.i_ -.'· t . 1 1i: �;J ��1t:. 1·1 · t;.. n1L 1 1 .1 ; r_. : i ' ;.·../ �. • .r r ..  ' · ,. .. ,1.ff1··1! = � · · ' ' . �.:. . p • � 

l�e�e ?tinra�. �� -
.�;ti,�al���: fr��j���?�\�t �:�7 �W..�9�;'. a!lfl ·�".'e;��� tempe;ature setb�c.k of 1 0° F was 

estunated fi'orti. the� am�\� and assumed to apply t� the pop�la�10�. A surve.r.. of pro_gram part1c1pants revealed 
�!t�ocu· �tifhyerfi��'�:-U� As4 pait'{i'fflii$ proje:Ct, labo*ory tests wete perfoll11J;d. on the .1 04 showerheads 
replaced. These tests revealed that under typical water pressure conditions, the average water flow was 4.48 
gpm. (This was slightly lower than the 4.8 gpm measured on-site for the regression sample;) With a final flow 

:1 1·1 J 1_;i-:: :rate ·Qf.2'.JPfll>�the ;4flo.w1for extrapolationwas .aSsuined to be 2.2S- gpm. · , - , , ,  l · '  : : · :  • , ,; : : : : : : 1 1 :  · 
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1 • ,  /, ·; " ' ' · 



Population savings per treated units still had to be adjusted for participating customers who did 
not receive all the program services� . Th_e total •. percentage installing each measure are shown in 
Table 3 . The distribution of measures was obtained from the 3,000 randomly selected participants.3 

As old showerheads were removed and low-flow showerheads were installed, persistence was 
not a conce¢. Water he�ter ta.Dk wr;ips were only removed in three cases (approximately 2% of 
respondents) . · . .  :� 

Adjusting the sav�ngs estimates to reflect· the observe,d percentage of measures ins�led, the 
average per site annual savings· from water measures :w..as 787 kWh per participant (Table� 3). Water 
savings were · only associated with homes installing f).ow me�sures, and the adjusted .sa ings were 
4,855 gallons per year. · · .. · 

. · - · ;•· 
However, of the 26,656 program participa11ts, only 9:2.7% had electric water heat'and were 

eligible to receive the water heating measures. Adjusting the average savings for ;  electric DHW 
produced average electric· only savings of730 ·kWh (787*0�9�(). · · · 

Table 3. Calculatiori of Savings 

Avg Annual 
Water % Installing 

-· 

Population 
Category Measures '. Measure Savings (kWh} 

-� 
temp set B.ack 60:8% ·i 103 \ '  ·. 

,- -
' •  Avg'.AdjusWd : Annual Savings Per 

. . 
Participant (kWh) : 

. , · 63 .; ; I , : 
. . · .

� 

Fixeii 'flO'l!J 

Fiow Reduction Showerhead� Aerators 7;8,.7% I .  . , ' 
Sta11dby Jank Wrap ' 41 .6%· . ' ' .L . .  : 
All Water Measures All · " . .  ' '·' ' NA'-

' 
Showerhea'ds/Aerators '· 

; 
Water savings ' , , ,  78.7% . 
(gallons per year} 

' 
. . 

' " 

I 
. . 

786 
252 " 1 . 1�1 . . 

6,1El9 

' 619: : ; ,, :..,, .. 
. 105 

. , ' ?87 ._··;):' "  . 

} 
4,&55 

Perspective on Results 

Table 4 compa�b� the te�ulis of tJµs work �ith other rec�ht W.��k.: ·N�te that �11 of the studies 
employ slightly diff�rehtiexperimental ap�r��c��' aha involve differentpr.9grani,�!��ents. 

! ' , IY· . � · ' 

3 

Savings 
Estimate {kWH/yr) 
(date} : 

Warwick - 3!�: 1993 

. , . , .. .  I 

� . .
. .  • • f l  

•I ' I 
II 

. ·· -- -- . 
Table 4. Comparison of Gross Savings Estimates · · · 

- · 

-· • - - . •. I • --� . 

• 

• 

•• 

. .  
- . 

. , . comments' ' . 

.. . - · 

. .  " I 

Field testwffh DHW end use mea5ureme6ts at 71 sites. Measured results of 545 
kWH/yr/sits were c0rrected for 80% of full installation and 86% electric DHW saturation to 
give 37 4 kWH/yr for comparison to other results. 
No kitchen or bath aerators were used, and there was not therm()stat set�ack, and 1_4% . 
of sites were retrofitted with a 2.5 GPM i11stead of a 2.Q GPM head . Thjs resul� will\ under5tate the savings attributed to· ttie P�&L. �i11gle-family prQQram , . .. . . . , · , . > , - .  · · • I ·I  . , \., • f I ..i • • Ie,�� penoi:! was ap,proximately 1 ye<;1r pre/post �o expllcit recognition.of oa,:upancy . 

. . ' �I I I , J 

� .' , 1- . I , , _; I J , I '  " • f : : � ' 1,� 
An auxiliary �art· of this i�pact .evaluation consisted of a telephone, survey to refine the population 'estimates for 
the occupancy and fuel type. 
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sow 1995 939 • Syntheses based on survey data and test results from other studies, Puget, SCL. 
• Survey data from this study provides the basic installation rate and electric/gas data used 

in subsequent studies. 

+ This study produces high results because of slightly longer shower duration and higher 
flow change than used by others. 

• This study attempted to use bench flow data on approximately 1 ,000 participant 
showertieads. The high preflow rate from bench tests increases the sensitivity to the 
assumed throttle rates and shower times that came from small or unrelated samples. 

Odoe/Opuc 347 + Synthesis based on survey data and Delta T flow tests at showerhead. This is not an 
(1996) independent estimate of savings but a "common sense· check on prior savings estimates. 
Unpublished + Occupancy variations are implicit in shower duration assumptions. 

PP&L 513 + Synthesis based on survey data and negotiated input values. 
(1997) + Ca lculation structured similarly to ODOE/OPUC estimate. 
Unpublished 
Current Work 434 - • From field test and regression model fo� multifamily participants with same flow treatment. 

529 • Adjusted for differences in single family and multifamily population and delivery 
mechanism. 

+ Data interval is approximately 1 month pre and post. 
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