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This paper documents the energy savings observed for a program operated by the Eugene 
Water and Electric Board which provided duct sealing for mobile and manufactured homes as its 
principal measure. Billing data and associated mean outdoor temperature data on more than 400 
participants for one or more years pre and post was used as the basis of the savings estimate. The 
observed savings were used along with site treatment costs to estimate a levelized cost of savings of 12 
milts/kWh exclusive of utility management costs. 

Clear evidence of a mean gross pre-post Normalized Annual Consumption (NAC) savings of 
1258 kWh/yr. was observed with an error of +-150 kWh/yr., at 95% confidence. This study included 
80% of the participant population. Although the amount of savings were small relative to overall 
consumption, they could be clearly demonstrated in a plot of cumulative distributions. 

The savings analysis was based on the fitting of a single break point function to both the pre and 
post billing data vs. temperature, i.e., PRISM® heating mode only. Results were normalized for 
conditioned area at each site to allow for an area weighted aggregation of results. Results were 
presented as NAC savings in the city of program activity and in the form of a temperature function 
which allowed the results to be estimated for other climates. Results were equivalent to about a 13% 
improvement in duct delivery efficiency. 

The contractor used site pressure diagnostics (blower door and pressure pan) during the sealing 
process to detect sealing opportunities and to confirm job completion. The diagnostics played a key 
role in expediting program cost effectiveness by detecting at the outset sites with limited savings 
potential. 

Introduction 

Eugene Water & Electric Board (EWEB) initiated a unique program in January 1995 which 
focused on residential duct sealing. The new program, called Comfort S.E.A.L.™ (Stop Expensive Air 
Leaks), operated with simplified field protocols designed to identify duct sealing opportunities quickly 
and reduce cost. The program provided services at no cost to mobile and manufactured homes, a 
housing sector historically ignored, and, often, the housing sector of low-income residents. EWEB 
chose to design and fund its own program, rather than participate in the mobile home weatherization 
program offered by Bonnevi11e at that time. EWEB found that in this housing stock Comfort S.E.AL.™ 
provided higher savings at a cost substantially lower than could be achieved through weatherization. 
EWEB developed a unique and highly effective approach to marketing, delivering, and administering 
the program, which required no audit, no report, and no bid. Currently 20% of the homes are inspected. 

During the pilot phase, work was observed and inspected by trained EWEB staff in 1000/o of the 
homes. 
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Y• Since the completion of the Impact.Evaluation in·.Oct. 1997, more than·2000 manufacturedand:t 
mobile homes have participated in the program. It has provided a useful pilot for other partSiofthe . .,,.) 
residential housing market, and has since evolved to a fee based service for site built homes\ . : . ,, ·11h 

The objective ofthis program was to achieve cost effective,savings by ·sealing:duct;air leaks in 
manufactured homes. with el�tr_ic ht::ati:ng systems. rt:i� duct sealing effectiveness .was .venfied,on site.'.:.�\ 
by immediate pre- and post-retrofit blower door test;s.r'.f.he :u� Qfthe, l;>lo�er. dpqli � a,.dia,&I;1osti<;; tqol t 
provided an ��di1�J e 11CQ� ef(e,ctive��.ss.�et�r''. .. by.whicl:1���QnVact9rjud�ed:the effi9'1cy,ofhis 
duct sealing .cffoq� �.1lP ·e�epited .. manner .. Jhi� led tp.:a CQ�t effectiv.e re.�rofi� fqr ,the �oni;f(\.�tor , 
becau�� the blOW(ff1 d0,or measur�ments_ e�abli.�h,e<,1.th� ppiqt at which m.q�t ·of th.e duct sealiqg haq be� 
accomplished. B�Y.Oll.9.Jbat .ppint o�y .. :rna.rginal .a�r leakage. saving� were p9ssi�le &11d at; a. ste�ply, ... : . ; :<: , 
increasqig ley�l of �ffpr,t -1. , • .  -!·. ".:_ 1 ._ ; · • , ., :· ,: , . : •. , '., : .: · .-:_ :·. � :·::: ·'· ·. - i !,.,-,,: ·-· :·i :Ji: 
'-'" ·'· . ���e�d�prograw.proc,�ure�gav� p,recedence.to indoor air quality. Nq re�iden� w.� 
tr�t�_.if; th���, �_uld qe 1�. �qy�rse eff�pt. 00 int�rio_r mois�tfe_ re.tentiqn,. Or any backdf�g ;9f.. . , : ; ; r. �.�:;. :; 
combustion appliances. r., (.,];;·: ·� .· 1 

E�;had,two p� reaspns for: development of �s p�o�m. In the imrn.e4i11teJe� EWEB 
�.responding to cpstomer: need�. expresse<ljn,high bill <;amplamts and .requests for .. energy e�ciency / 
aµdjts; ��$ seopn4 reaS,Qn for prQgr;am, dctyelop�en� tpok a longer term perspectiv� .. ijW:FB �pes to.,,1; 1 
leverage the program developme�t effort by fra:{lChising the mature progrru,n. . , ,_ . . , , . ·: 1 ; . . • , : ,, _ . • • ,,1., 

; .. To delennine the effectiveness -of EWEFf S. �tepiate e��rt� the �ost impo�iµit rcr�H qu��� 
in the Imi)actEval�tjonwere: (1) Did the program ac,U(We cost effective savings?,And (2) I}id.the.progr,8:'P: 
respond t9 t�}cµ��er n�s?, To .�sess.the va\1,1e of the. pro� lu th� cuslomttr�, �e d��em_ijned the : : .. 
magnitµQ_e. of� �ergy sayings; .�d �titt)ate<;i a. leve� 90st of �vings from, biij�g data an4 from ���1:_,:nJ 
inspection data which substantiated and estimated measur.e life. Responding to. the lql).g�r:ter:m .gerswct,iye, . 
we expressed the ptogram savings as. a,temperature function so-that savin� Ui}Qtp.er1cliniat;��,q>�� ,be 
conf]dently estimat�. We also look�· at screening crit�a based on. �te dhigµostics. pr ptTI;>r bµfu:ig hi��ODY , 1 
which J)'light be used to increase ov�ajl ro� effectivel)ess of $e work. . , . , . ,. 

' �. 
Analysis. Methodology . . . , . · · · : , ; · · ! . 
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•:' . ..i We used the PRinceton Scorckeeping Method (PRISM®) (Fels, Kissock & Maur.ean 199�):to 
weLther nonruilize·the consumption data to remove 'noise'. due to the weather which.could inflqel)ce ; , 
consumption before or after treatment.· The'. difference between consumption before an:d after treatment 
represents the energy savings due to the program. 1 �, •<;, 1 

Review of the initial model results demonstrated that PRiSM® was not robust with regard to 
disaggregation of components. That is, the nonnal variation of customer behavior'fotroduced., ·. : :' ,., · .• . < .i 
considerable "noise" into the regression model. In selecting the best regression equation, PRISM® can 
easily ·ehbse to change the balaftce temperature in order to accomplish minor improvements m tlte 
regression fit. In a few cases: random noise in the data would lead PRISM® to specify a model with r',,, 

:Wbgica1-amounts ofspace'heat�ng. Alt.houghPRlSM® provides a good comparison ofNAC, the ·l 
estimates ofbaseload and space heating components were poor. '' '_ '':ii,,,., 

AccordiQg to building phys�cs, one would not expect that the Conifott -S:E.A.L.n" treatment .· , - " 
would affect 'th� balai'J.� 'temperature:- If the" thermal shell of the' building is not treated and die occupant 



behavior does not change, the balance temperature should not change. Energy savings from the 
treatment should. be'. apparent as savings in the space heating component. In a few exceptional cases, the 
Comfort S1E�A·L:™ treatment may have decreased the amount of passive infiltration by repairing large . 
air leaks. In these. cases, one might expect the balance temperature to change. •) , 

·: ·-.,1!.Wedetermit;red that·there was a logical range foFthe balance temperatute. Accordingly, we 
constrainedJthe�FRISM® models and martutlly reviewed the firsfl20 plots and output to assure that 1. 
PRISM® sttppiled a·reasonable coiiSumpt1ort mode1tE J� ·w � �: >t \ ·· ·" >.:r . 

-· 

·; � i i>rograrrllnatiC' ihtp�t on comumptiori was' eValuated-using1a 1ratlitimial quasi-experimental l .. , 
design. The'desrgn oofupares the participaritsto"a:-similai but -Ul'it'feated group:'Tlie non-participants 
were dtaW'n from �fpool offiltilre program participan 'sto reduce self-selection bias that may affect ... � 
estimatec.tSa.vings: Use offtitili'e participants· ofietM ·another befiefit sinee the obtiiiding-audits or site 
characteristics collected in a later year could be applied to the comparison group ill an earlier year. Todi 
confihtl siriillBH y ofthe1tonil>arison group totlle;;freated gi'ot.tp·liHhe baseline (preJ.freatment) year, we 
examined�e'ciullulative'aistributions of consumption parameters fOrbbth·groups, a:nttfoufid!t�eni t(f'1 
be similar. .n c,y -:1. :icp·'.' -:;m1;· 

::·.-; The ·arifilysi�'usea a standard pte/p�t cross Sectional ·c'5nsuriipt1on (billing) ah8:tysts. Th� 
weatHer no'hniliz'ed�al consumption (N"AG) ·before·the'treatmeiit' eitablisliea 'a:baseline, ·which was 
then comp�-t\"�d:fwetillier noirifitlized; eonsuni]5tion�lifterlhe tr�afinent. "'fhe·<lifference 1n oonsumption.s 
detennined gross savings. That is: Gro'ss 'savingS,;; NAE(pre) - NAC(p6st). :: JU ·., · -. · · . i �!.'.F'" _,1;;;; 
,: >JiJc:�Gtoss savin�'�:w�re deterniine<i:f6r the c�mfjarisorfgtedp :in'fhe�same way. The' }j1lrticipant 

sa�g!h:ouid'then be cortebted for any coi:isUinption change ·appar�nt'in the comparison group. The 
results represented.'net 'saviri.gs·attnbutabf e' to'.the pr6gram. This difference of differert&es;appro'ach is 
traditionatly used in DSM evaluation to "net-out" savings due obly t6·the treatment; Reslllts·%Yere' 
repcWtett in tenris·or-thciaverage savings p�r dwelling urut.:r;. ,•d ' !.•''' �,::. . ..; .. ,_, )� �i· . . :-�· '� 

-We·rCViewW1 regression i;esults for •at1· cases vilth a poor regression fit (R2,..;: • 7) of�outlying s :i" 
resulfk·and cibfihecr outliers as thbse·cases e11:eeeding'two standatd-ooViafions based on annualtsavingso., 
per square foot. The review included removal of atypical billing,points and rerunillrtg the regression fit. 
The resulting cleaned cases represented the physical data set. 

To visualize the change in consumption due to the program, we aggregated.rresults while·'.•· 1� f,; ., . 
normalizing to savings per square foot. The methodology normalized for three factors: average power; 
building size; and weather. (West et al. 1996) Since the individual building models were OQfmalizecho a 
form ofwatts/ft2 vs. temperature, the models for all the buildings in a group could be aggregated into a 
single-mHdeI,�which cles'cribed�perrorroarioe :6f:the.iwliole group in•terms 0£ :watitis/ft2 vs. lemperature. 
The'tesult1was1.Showri as· a temperature ... depemient'model of energy consumption pre-· and;post-Fetr<tfit. 
The aggregat'iGri.1Jteserl>ed the temperature dependency of the· savings and all0wed extrapolation of)he 
results to other climates. >t ' . , .  '· . . , .,,ii ·- . .· ·.· - ... · ,  ;·,.i:·,; .. :::no� 

.. ; �: I ,:, i I �· .1 , -
Gross and PkytsicafData:Sem i ·,c.t ... .:·,1 Ji._ ; .1 ;." 1.H�' ' 

·"'s;.. (.h �iji �J H. �,l !) .� ! :<l�11t· ,� · er.; �,.uJ1-:;.,. ·�:;� ·-� 'l<� 1 ... ,I�.?:-.1;_..::,. .. �-i,t� 1 �·�·' ), 1'; , ,i_s� :;u: 
· lf the; savings. an'!'roughl}{ the same,'Size:as- tandOm1V.ariA.tions; t}je, �jgnal-to-::pQJSe ratio.�y;,, ;_;_�� 

make1it difficult>t9: quantify the-. savings��:l'b�refore,, wejnvestiga;t�c;\ �h,cr �avings �$,g two proc�¥,res.:; .. 
First, we aggregated the�(). d��,� (ref.e,q� to,as �he �oss 9ata S�) �d ��pnd,:W�,�w.ega��.a 
physical case subset. The physical case moflel.eXamiq¢,}Yith-st�tis_ti,,c al rigo! a datas_e!,fr9� :w,hi�1 

.• 11 • •  _, 
occupmicychatiges•ap.d��vi9��out'i���er�.rem��ed. . : c:.· � ! ·:· f, J '� · - • .  

··si:1 ..1: Both ,ppro�GQ.e� tili\ve:r��p,e�v<?J�pv����s..�Pt.,�dress�ditf�(ent CI,t;i�stiq��·;'th� py;�l,all �rl:·)-u 
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gross approach includes all homes, without detailed data cleaning, and asks<''What' were the savings :for 
the overall program?" This approach is consistent with the inclusion of all homes fu the cbst :�, � ' ' ' 
effectiveness analysis. When individual cases are reviewed, the standard data· quality procedure8 often 
eliminate 25-500/o of the homes. Therefore, the individual-ease model asks the· questions "What were' ,; : 
the savings .for the homes with clean data?" When ·only clean or well• behaved homes. ate included, (the' · ' ' 
strategy is to exclud� the noise in the-data in hopes of discerning the underlymg,impact�of the:rheasures: 

:; cU: · '"· 1'.1 .:;;r � : �: :J · .. �· ·!! · · :.'!:· ·. )H\ :.,! i�: ·-11 · t� 
Sample Dispes.�tion ) . "' � .� _:. I J .' � ' j , .•. ' .-j I • • . ' ,. \, ....... \I ,r r;, 

�� .I '• ' '\ ' •.
· 

' ! ' I ' Y•.·· .; ' 

_____ _ _ Th� intent of the eyal�tion .!'as to �_yze �nsµniption for all participa11ts. Du_e t.o_in�Qmpkt�L 
! data and occupant changes a full sample is never possible. Howeyer, we analyzed approximately 800/o 
• of program participants, including 387 cases out ()fthe first 475 participants. Table J shows savings 
. results, statistically adjusted for a finite population. · · · · 

· · · 

. Results 

1 Site Inspection Results 
� .. ··' 

. . . ---

SitcVinspection$ of four sites chosen from the first 50 sites retrofitted were conducted 
approximately 18 months after measure installation. The sample pf inspe9ted sites :was too small to be 

1 statistically significant.. It was designed to obtain detailed observations on: (1) the durability of the 
1 sealing techniques, (2) air quality or moisture -problems, and (3) customer perspectives. Mastic showed 
: no degradation after 18 months. No moisture problems were found. Customers perceived the program 
1 very positively. 

Participant �rm1p Impact Resul� 

Statistically, the strongest savings were found in the difference in pre- and post-retrofit Normal 
Annual Co�sumpti9n,(NA.C). We estim8*�d average savings pf 1258 kWh(yearfor the part,�p,ants. 
Savings for all th.e' he�ting-related vanables,:were, sWistical.ly sjgnificant , There wer,e signffi.cant S:Rviogs . 
in the- heating .slope' Qr tempeni.ture dep;en.dency. Qf the home and in the compute-A amount pf annUial. \'• .. ' c 
sp�, heating. While, these, two variables ,were ,closely related, the annual space heating savWgs incl�de4 
additional change d'ue to 11, reduction in the balance temperature for each house. Savings were also , '·'· 11 
normalized for size .(NAG per square foot). These savings were significant as well, but did not sho�. 
improvement •1)· statistical confidence. , . , , , , . ; , 

Resuits were C!:>nsistent with expectations. Most of.the savings were expected t0; manifest as �;, 
improvement i!l:the, heating pJant efficiency or savings in W.e he�ting slope, In some cases, �he d.�rease 
of passive infiltration may have improved the balance temperature and c9ntrj.buted additioruµ s�vings. 1 �-' ,, 

The aggregation approach in Figure 1 Aggregate Temperature Model aggregates the individual 
NACs and the square footage, normalizing to a fotm of watts/ft2 vs. ,temperature, . into a;gnmp;, .. 
performance model. The group performance model is the area weighted average of all the individual 
building performance: models, and it is algebraically equivalent tp the use of the individua) ,models in 
COQ!puting the �viQgS fof the group. , , ,• 

J11e averag� �hange in �on�umption for the aggregated sample, Figure 1, sqows there was little 
change when weather averaged greater than abp4� 60 degreesF. Because manufactl:Jred housi!]g,;� o,f .,,_ 

2.U�:-"'Jdinor We.st t!l .. i!l... ·" , . .-\ !' . , ,. .. , . ·.1 ··\ l •. 1,: 



sµnilar co,n!rtru�ion, savings appai;ent in the change in the heating slope will hold for other climates. 
Using Figure.l�:�vings 9uriJ;ig the heating season can be computed for other climates. These estimated 
savings, .n;ieamged by. the change in kWh, represented about 6% of the toiat annual energy consumption 
or about 13% of space fl:eating consurnption;'.,Thus, the duct sealing appeared to provide about a'B% 
impivvemen! in p�ting delivery; That is" if the :duct delivery was usually 70% efficient;' the�duct sealing 
�Cf� tl,w;ef):ici�cyt.9, about 800/o. This figure included savings due to reduced' passive infiltration 
as well as savings due to improved delivery of heated air. These results were close to those reported 
from co-heating tests of a small sample. (Ecotope 1997) In those tests, average delivery efficiency was 
increased from 69% to 82%. 

'·} i· \, I. I. : 
,,; .. ' - '· .,,; � .... , ,; ... ·· ,, '· Aggreigatetl Populati9·n'.C:onsump�ion 1••· . . .. : · 

Grosj(s,,t_ · ::: .. , '1• ;; ,-.1 y '' .: · · ,. 

�Pre' _
, ; ' · �. 

-:-A::-Post 
·, ·. H . 

Average Monthly Temperature, Degrees F 

Figure 1 Aggregate Temperature Model 
iI.. ' (/' � , 1 • .. J ,,: \ : � , · ('. '. - ' 

·' 

., I 

. r: ! Oft�rltimes,. a di'fficUlty iii viewing . saViii,SS· is that the custofuet' s behavior is n'ot necessarily: I I ,, : ,. ' 
consiStent fi!oiti year to year. Changes ih (family�s1ze.t>1P ootisUmf>troifhabits 1nteFfere'Wkt1 dll'ect , } ttv ,,_;:, 
observation of the saving8; That-is,·a smatl:savings::signatbtlried in 'a large-amount ofnoisecis.diflioult tci 
see in a norrnalr.frequertdes; plot. One apprdaeh we used· to ·minimize the effect of ·befutVioral1 t'noise?' · 

was to ·observe' the !distribution of pre::.'iw.tf ipost-retrofitNAC�; shown in Figure 2 Pn�!Posf.: · 

Distribution Treatment'Group; White av�tage savings wete.sti111the basis for saVings•irt this graphp•rw: 
individual cases were normalized for square footage of the home and 'sorted by consumption leveL iThis 
compensated fot random variation in beha'Vioral consumptiorl: Thensultirtg plot showed a clear 
distinction betweeh the pre� and post-retrofit distributions. of consumption,' thtrs. providing a visual -: ':f I ( 
dem6'nsttatio1fof average ·change. 1 - . .  1 ·- : :. b: � < ' • 

� :::; ·. ��1',f��-i. i .:) �·:� .':-:;� . ' �· ,·.1�··:"�-'•i'· �:.<:�: �· ;. -�:��\''�� .. ·::j·.: \. )''·�.: .\ \- ,:· ;�:_t .�:·'· '?,�L,:·: ... 
Compai:iSon Group·Impa:ct"Results L ·'Lff;'" ,c ::•{l1i (' ' · :� · · .: 

��· ",! .. i l .·.1:. �:· f) . . �·· \ ... J:, i' j f' .. .1l !�� ·� � 
•,, A similar tre�finent-ofthe ·tomp'ariS'cm grdup is showii inFigtlre 3 Pre/PostDistribution . ' ·· 'd 

Comparison G_roup. No.te that the pre- and post-retrofit distribution of consunlpti
_
otH vas very siiiiilat · 

ffir this gioup. 'rhat is; there were�no saVittgs( his..ctemonstratea 'thatthe estimaied �gs for the 
parffoipants" w·ere1 hof dtre 10 "facters' Outside 1Jieli:reafni.enf.'' ' '' . "! " I "., : .>'" ' • . ctiCb 
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Pre/PosJNAc· Compariso� 
Gross Data.Set, Treatment Group 
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Gross savings for this group showed a small but statistically significant amount of savings. 
These results were, however, due to a small group of outliers where family changes had evidently taken 
place during the study period. These outliers were removed to provide the results shown in Figure 3. 
The overall differences b�een pre-and post-retrofit NAC were not statistically significant. Based on 
these results, we felt confident that the savings of.participants did !lot need to be adjusted for any 
background effects. · .· ::: •: :. ' . · . · ': · ··1' ',· 

Physical Data Set 

The Physical Data Set examined with statistical rigor the changes in "clean" or filtered < �. 
observations for individual sites. This distribution was very similar to that of the Gross Set. It was "\ 
interesting to observe, howe,ver, that both sets appeared. tQ show a larger difference, that is lllore" :;; 
savings, for participants with high consumption. · ' " I : ' �;'. 

In removing extreme outlier$, the physical set provided a stronger estimate of th.e savings as· :· 
indicated by the higher t-test results. The Physical Data Set showed savings of 1249 kWh/year which· 
was 7% of total consumption or 15% of space heating. If the furnaces were previously operating with a 
delivery efficiency of 70%, the improverrrent represented increasing delivery efficiency to 82%. 1Such an 
improvement seems plausible. · :, � · � . .\r -. 

" ·,' 
Overall savings resul�s for the Physical Data. Set were Vf�ry simil�Jo the Gross Data Set. 

Savings in baseload consumption were �alLand not statistically significant. Otherwise1 all the savings , 
comparisons were highly sigpificant. ,. · . .  · • 1 • 

• 

Heat Pumps 

We examined the consumption of heat pump versus electric resistance furnaces for the Physical 
Data Set group (210 cases -- 68 he�t puqip M� J 42 resistap.ce fUpiace). T!ie ratio_ 9f spac� J,teating _ 

consumption suggested an effective annual COP of about 1.2. This was rather low but consistent with 
the similarity ofsavingsfor.both systemtypes. · .  . ·""·· ·; ,.' · ,,u ._ ;·i 

The type of heating system may �eF! th� pr:o,grammatjc;�xings. If the duct rep�rs provide a 
constant fraction, say 10%,, savings of the space heat component, then savings will be less for homes 
with heat pumps. On the other hand,_ h�t .. pµ�J!.�Jll�Y. �.<?.Y� � l_cgge� '{Qiu�� o��r ��-���-th� operate 
at a lower temperature. In t)tis case, the fraction of savings may be larger for heat pumps. AppareQtly 
these factors tend to canceL out. We observed little difference in duct repair savings due to ;th.e type of 
heating system. Distribution of savings by system type is shown in Figure 4 Distribution of Savings by 
System Type. It would appear that heat pumps reduce extreme case.s at both ends of the distribution but 
otherwise savings were not appreciably different. 

-· 

Persistence Of Savings .. _.. . _ ... -·-.. -·· _ . . -· 

" .-. " ., ... r, · ry· "' '· � · I 
We had the opportuhlty to te�ew the billing histeni:s of a s�bset of 43 .participant� for part of a! 

second year. This exercise allowed the comparison of savings-for.the:first year and second year i 
following the retrofit. These billing histories includ�d �?!Y about five months 9fthe se�nd post-retrofit: 
year. Thus, the second year results were highly preliminary. These results show consumption at an even) 
lower level during the second year. lit both cases, the same pre.:.retrofit consumption was used"to - ' 

compute savings. Based on these results, we concluaed that there wa�tno·"evidence that saVings '} 1' �," 
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decreased. However, given the small sample and a fractional year for billing data; we do not believe that 
the analysis was suftlcient to conclude that .:savings increased,in the second year:, · •· · · ·, . . 1 , 1 · 
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Figure 4 Distribution of, Savings by System Type 

Energy Savings And Historical Consumption 

' 
Ideally, a potential screening criterion, done prior to going intothe field, would separate out 

those potential candidates: with the most opportunity for savings. Candidates could then be grouped 
according to potential savings and targeted for various services. We found little relat�onship betWeen 
estimated savings and the amount of pre-retrofit consumption: We set the usage criteriori at 20,000 
kWh/yr. Participants below that point averaged savings of 197 kWh/yr. and above that point averaged 
2690 kWh/year. Most onhe program's average savings occiifred in high usage cases. However, the 
variation was large. There were still cases with lower consumption that achieved high savings. Rµling 
out low consumption custpmers would eliminate some opportunities to achieve useful savings. 

Use of a more specific parameter might be expected to provide a better screen. An earlier 
proposal for such a parameter was to screen based on the heating slope per squl\fe foot. A similar lack 
of correlation was evident in the Physical Data Set shown in Figure 5 Screening Criterion. The vertical 
line in this figure represents a screen of 35 BTU/deg-hr/sqft or 0.12 W/deg/sqft. $a""1gs averaged -0.1 
kWh/sqft below and 1.43 kWh/sqft above the screen. Thus, this criterion is even better at identifying 
the qomes where �vings will average a high value. However, there was so much variability with '•"' ' ,..� •• :• ·�J� I •• � I l•"J ''·� ' . I I • individual results th.at ,t�e criterion is not usefitl for predicting results for a specific case. Moreover, use. 
oftJ?is.�riterion .r�illres knowfedge of the sq�arefootage of the honie. If this inforn1ation is not,readily . 
av�able, this scr.�.emng criiefion cannot b� Computed. ' ' 

' 
' ' ' ' . • • , • j � \ ·� � ,,l ' ' . • . ' ·.. . . ' • 

In·�: �irililar. fashion� we compared e&timated sa'<ings against parameter� m.easured in t�e field. ' 
The goiµ �� tQ' d�termiQ.e if any of the field, mca�rcmcnts provided useful diagnostics to identjfy 
wt�ntial s,ayings. Onpe agaio, the results were highly variable and did not show a strong, correlation •. 
with field measQremenq;. Based .o� these results�. we do not have specific reco�endatio�s (oi; field. i me�-��mf�t�.'�:'¥!��?.��s t� i��n�if� p9t�n�W �aving�. Jhe 8avings_ appear.to have occun:�cl.�t� n 

2.2�.-Min01;,W,est, et. al.'· , . --.. , ·· · � .. ' . � : ·'' - ... : -� \. . 



}Vi�e variability and little correlation to measured·:parameters. 1The field measurements ofinterest were:1 
(I) Total reduction in sum of pressure pan treadings. This was considered a qualitative measurement. 
(2) Reduction in whole-house infiltration. This was C()mp_uted as seasonal ACH (air flow rate at 50 

Pascals divided by 26
. and divided by house volume). The factor 26 was a generic adjustment to 

extrapolat� from one-time flow me'asurements' to seasonal infiltration. It.was'derived from previous 
field research by Delta T, Inc. . · · .. t ::; : .. •  � • ·� �) ·: .� ,_ : i 

Based on interviews and on-site observations, it appeared the contractor's current method of using 
pressure pan readings to detennine when the job was complete was an-effective tool� easy to 
implement. In thj.s stu_dy;·w� did not replicate the "Duct Blaster" measurements that were used to · ·  

develop the pressure pan methodology. 
I 1c.  _ . 1'. 
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. . The ��s,fe��t� nj_���e life usea for .
. e_�!�ipating ¥.1� l��� �st .?f saving_s, .d�P�.nd� ptj��p�y 

on �o factors,' ( t)'the Life of the measures,:,aitd (2) thd' temSiriing life of the dwellmg. · 
. ·. 

� :  ' ri il" The life of the .principal measute, 'tlie' RCD·��tic; �as b�h i�ves!isatetl -�bro�� acceJerated 1_ 
age testing by RCD corporation. This testing supports a useful life of 30 years as' reported by OregoD: '' 
Office of Energy. (Hewes 1997) .,,, "" , _ , ,,. , . ; , j ,. , , 1" • ;J . ... 

The remaining useful life of the dwelling has been investigated by John McBriae'ind torn 
Hewes ip a .study of moisture and indoor air quality in manufactured housing retrofits:(Hewes & 
McBride ' 11 <}9'<1) ;This:·stuCiy ICl¢ntified ift�i th"e h\eta.t' oiitslde:shtbit' w� pla�bg a '�igrlifica.tit1stn:lbtural 
role. �*� d��t!i���}hi�i�\v;re __ dJ�e?�Y. i!l ���·.�� .11¥,� a r��!ri¥.�, ��th�f.7����fl�f ��j:? �d . .  �o _ years. Tlib ecofiOmic motivation f'or ustng a martufacturecf hoine' 1s· strong etto:ugh to keep 1t m u�e ufitlf. 
it fails stnfofurall:Y� it ;:,ill not becbme. �ouiaa:ie'd.' "Therefqte, a temaming·µsetili life"ot2o 'y�s'i� � l ·1 ' ·1 'W 

cons�t'Vative litean estiffi(ate: .for ilil 'stbck trecitecl i'n the EwEB"progri:m �hich1 �1nsiSf's 'ptliiH1paiiyjot'·•l' l 
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post 1975 vintage manufactured homes. Ameasure life of20 years was applied,to calculate.the 
levelized cost of savings. ,-' . · , , . ,. . . . 
Overall Program Result� ·. ' . 

• t 
The Impact Evaluatfon w� conducted jn �WO p�s., ba�ed on �v�lability of data.. a�� µo� OJ) 

any programmatic change. €ombined results for the tWO evaluation phases were calculated: Since' � i 
billing analysis was conduct�d on a large (81%) portion of the participants, statistical results of the ' ; 
combined phases were adju$ted for a finite populatio . Th.�t is, the sta.tistiCal uncertainty was reduced I 
to re�ect the fact that most of the participants were includeq in the analysis and, thus, the average 
savings were fairly c,;learly klqio-µm .. �ee Tabltr 2 Combined ._Sttmple Slivings·E;sti11J_ates. - , . .  ···- � 

All of the sayings mf.asures were statistically signific�nt for the combined �ample, especially 
after �djusting the-uncertainty for -the lfinite -pep�atio�. pve�all-��gs, base� pn �A9:-an� N:+C-aer 
square foot, were robust anq demonstrated a large program benefit. Savings represented about 13% �f 
space heating. 1 , • - 1: •· t i 

Program results were averagea for all the participints in Table I Overall P.rogram&suiti. Tius 
tab!e ;was based on aver?ging the total number of participants in both phases analyzed, and provided f 
estimate of ��a.Y�rage �mpaQt for the overall program. . . ·- . . . -· - . . - • 

Gross sa�gs·inctuded turnover iu the populatio� and other factors ·which interfered\\iith�@ ; 
a�cur�te measurem�nt. How�ver, it represented the savings ihat could be expec

.
t� "at the

1�
e��r'1 ;;� ! 

givenlcustomer changes, parrt1al vacancy and other real world factors. The Physical Set savmgs', ' i 1 
represefite(\ ail attet»p fo-cJean the data and derive the Oest estimate of saVings ,where customerS Were 
stable. These savings represented those that would be captured by an engineering analysis. Tl:iey wer� in 
close 'agreement with the Gross Savings. . ,. 1 

The average savings (including "dry holes") of 1258 kWh per year were deliver.ed at an average 
cost df $226 or a,\evel�d:cf;>st-0f 12  mills- �r kWh. This oost represented only �he field deliv�ry-�d 
did not in�lude a�stiative costs ioeurred Within EWEB. This cost represented a highly effec!\v�' 1 
conservation resource. -

I 
Table 1 Overall Pr9gram I,tesuJts 

· - T 

Phasei - · i i4 
Phase 2 361 
Both.Phases . .. _ 

475 .. .. ---4- · • 

Ph sital Set Savin s . _ . _ 
Phasel · 86 
Phase 2 193 
Both Phases 

' l;'.782 , 1 .92.· . 
1 093 0.86 

--1,258 - -- ., 1. 1 1  . ... 

1 600 · 1.67 
1,249 : o.s1 
1 ,357 1 . 12  

c 

$227.3.f) ,, 
. $226.16-- --

' ... . .. · ' t • I 

1 .. - v 



Table 2 ;Combined Sample Savings Estimates ( 387 Cases) . · . , 

Adjusted for 80°/a Sample of Finite Population 

.. ' 

Baseload, Post 
(kWh/day) ; , . 

26.174 <, 1 1 .364 0".249'. .:.. . •  . : , :. .• . ;; ;· ; \ '. >  
I ; � j ; :  1� ' ' ;.  ' .' ,..:, .• 

- ' ' . " ' , f  � , ' , �- ·--

' ... --� 
� ,., i '._ 

t-=-....,-----�1-=..,.--,.---t-�.'""""""----+--:-::-:----+------1f---r�--f----+------.l , 1  
Baseload Saved 0.498 6:638 • 0:1 50 0. 204 ·· 

· 0 .792 · · 3.330 .ODD .. , 

(kWh/day) . · · . , ·  . , ,  · ., · . .. .  ' i:' •. �� · · :'. n '. :·�·; ; � ;  · • :' ;' . .  , ' .I / .  
1----,...--,..-_;._:-1-=------t-..,....,...,.,.-..,.--+�---..,.--'-,..-+--""'----'-..-+-,,...,..----,----+-.....-=-·.:..-+--'-=----� '"·-� 

Heat Slol)e, Pre 3'.447 1 .242 · , 0.003 
,I . (' �· : .} ; : ·  ,·  :) � -· · • J ,,. : , ; • ,  .' : 1  �-J.� ' i  

(W/degday) 

Heat Slope,.Po't : 2.957 
r: (W/degday) 

H�t Slope, . .  

sav•d' . , . .., I " 
" ' . . 

(W/degday). 

Space Heat,1Pre 
(kWh/yr) 

Space Heat, 
Post (kWh/yr) 

Sf)ace Heat, 
saved '{kWh/yr)' 
NAC, Pre 

(kWh/year) 

NAC, Post ... _ 

(kWh/year) 

NAC, Saved 

(kWh/year) 

Pa:e-N�Cfsqft, 

(kWhlsqftlyr) . 

Post.;NAC/sqft, 
(kWh/sqft/yr) · 

N'AC/sqft, Saved 

(kWh/sqft/yr) 

0.490 

t.1 1 1  j , j 0·;003 . 1 '  .. , 

1 .039 0.002 

. . . 

0.445 , .  

I •  ,: I 

• -I. . .. :.' " ,.; ; I : - :<.. '. 

" J ·� • '  : I 

0.5�.� • ';, 21,-55 . ,. .DQ_9 . 1 l , 
( .; -') ; , .� • I : • .": l r :.. ., : ,.- 1 • o 
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Conclusions 

The Comfort S.E.AL.TM program provided effective savings. The average savings including both 
evaluation phases was 1258 kWh/year. 
Savings were equivalent to about a 13% improvement in duct delivery efficiency. 
Program savings could be clearly demonstrated in a plot of cumulative distributions. 
With 475 participants during the study period, program savings were estimated to be 597,550 
annual kWh. 
The savings estimate could be extrapolated to other climates using the temperature relationship 
shown in Figure 1 Aggregate Temperature Model. 
The contractor's field protocols appeared to be successful at ·screening sites for treatment. The 
average savings included 90/o "dry holes" when duct sealing was not appropriate. 
Customers were highly satisfied with the program and their interaction with the contractor. 
The comparison group showed no significant change in energy consumption during the study. 
Savings for a persistence sample showed no reduction in savings during a second year of study. 
Evaluation Phase 2 participants appeared to consume less energy than participants in Phase 1 of the 
Evaluation. Projected savings for the future participants were expected to be about I 093 kWh using 
current results. 
The program was highly cost effective. Direct measure costs averaged $226 per site, including a 
few "dty holes". Levelized cost for the overall program was 1 2  mills/kWh. 
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