
AIVC 11941 

Getting Our Ducts in a Row: 
Evaluation of the Tacoma Duct Sealing Program 

David Lennan, Tacoma Power, Tacoma, WA 

ABSTRACT 

In 1995 Tacoma Power initiated a test of residential duct sealing to determine the feasibility ofa 
full-scale program to improve the duct system in customer homes with central system electric heat. The 
Residential Duct Sealing Pilot Program was designed with six main goals: 1) determine the typical 
reduction in heating energy use attributable to eliminating or reducing duct leakage in residential 
customer central heating systems; 2) determine the cost-effectiveness of the program, including the cost 
of administration of the program and measure installation; 3) determine if local contractors were able to 
install duct sealing measures; 4) assess the level of customer acceptance of the program; 5) establish the 
relationship between reduction in duct leakage and heating energy use reduction; and 7) determine if 
there is a difference between weatherized and non-weatherized homes in their heating energy use 
reduction under the program. 

Energy Services staff at Tacoma Power performed an evaluation of heating energy use reduction 
patterns for program participants and a comparable group of non-participants. Weather-adjusted 
changes in consumption between pre- and post-participation periods were calculated using the 
Princeton Scorekeeping Method (PRISM). 

Staff also conducted an analysis of program costs from program records. Finally, Energy 
Services commissioned a telephone survey of program participants by a local market contractor to 
obtain participant ratings of the program. 

Integrated results of these three studies form the basis of the present report. 

Introduction 

In homes with central heating systems, air heated by a furnace or heat pump passes through a 
series of metal or composite plastic/metal ducts to deliver conditioned air to living spaces1. Either 
through faulty construction when the system was installed or through deterioration over time, this duct 
system develops leaks, resulting in a loss of system efficiency: a portion of the heated air never reaches 
its intended destination. All ducts exhibit some degree of leakiness, but most furnace systems are able 
to compensate for small leaks by operating for longer periods, making it unlikely that the house 
occupants will notice the leaks. This compensation by the heating system results, of course, in higher 
heating costs, but most homeowners have no ready means to determine the extent to which their duct 
systems are leaking heated air. 

In the past ten years new techniques have emerged which make it possible to easily identify and 
remedy leaky du'ct systems. The remedies consist of plugging holes in the ducts using mastic compound 
or long-life duct tape, or reconnecting portions of the system which have become disconnected over 
time or were never properly connected in the first place. Much of the early work in duct sealing was 
carried out in the southeast part of the United States, where central cooling is 

1 This condition applies to both heating and cooling systems. Research covered in this report deals only with central 
heating systems because residential central cooling is relatively uncommon in the region where Tacoma is located, the 
portion of the Pacific Northwest west of the Cascade Mountains. 
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relatively common and en·ergy reductions from improven1ent's to the dU'ct syste1� :cab be· d.�r1�6a from 
boththe heating andcoolingmodesofthe s·ystems. · , :  ··: ·· , : ·''· ' . . ; -· . ) ' ; ; : , ' ····· . . �'. 

Tacoma Power has been ·weatherizing customer res�dences and inspecting new hdmtiis fo� 
Energy Code compliance since •the early 1980s. Progr&ir'sta[f'has reported serfous· shortt6mi'ngs i'r{ 
customers' ·duct systems, even in newly·constructed homes:"· Based on these �'eports and· oil infcirntatfotf 
on du.ct sealing programs from other ·utilities; Tacofua ·Power determined that" very little i.rlformatiofr 
was availabJe on actual reductions in energy use which resulting '.frbndmprovements to duet systems:;' 1 • 

. •:dn early 1995 the Conservation Section?: iit Tat-0.ma Power implemented a test of a residential 
duct sealing program. This test, referred to in the present'report as: ihe.:.Resideritial Dutt Sealing· PiJOfl 
Program,, was, carried.out in ;1995: The test was run wgather the-following ·information:'· 11 detennine 
the ... lev.el of energy·savings, from•·duct sealing;·;2) · detemiirie cost-effectiveness· of 'the measure and 
administrative .<msts of the prngrani;:3) derermine it: local tonfracturs were able tolinstal1 duet·scalir'tg 
measures; 4) as()ess .the �level' of customet·ac�eptance of the program; 1 §):establish ·the relationship 
between,reduction in duct leakage' and :energy savings; .. and 6) determine if· there was a difference in'the 
energy>:nse changes for• weatherized> versus non�weatherized homes. . This last��goal ·of the ·�program 
could only be attained ifsufficient .numbers of both types ()f homes participated in the pilot program.; • 1 

. '·:·In the period during:which the Pilot<Program operated, 194 homes: were treated. Staff visited a, 
total of 400 homes. in the1 course of the program.: 'Participants were screened on s·everal criteria prior lo 
the field visit: I) central electric heating system with duets in unheated and accessible ,spaoes;; 2)' no 
coi11bustion appliances�; 3) -single- family<dwelling, mobile/manufactured hemes-. excluded; and 4) 
owher-occupied.4,''-. 1 ,  , • ::� 1 - ·1- .\.•';1·i: . . _ _  . ;:;,,1 · : .. : · ::;·1.1:·, rr,, .. . ,. 

1; ·"During the period:. that the Pilot Program ·<!>perated the cost' ofrtbe measures and·,prograrn:· 
administratioo was subsidized wholly by Tacoma Power. ·No financial. con'tribution was required: 'of 
program participants. ·: -'· . · ··,' ·: ·· . "' i. 

' ' ,j: .j, •• 

Program Description 
,,,, t\ ! 

. , • • ,, . ,,, ' ; •' t�· • , : '\' :<:. 1,•·. 

. '.•i ; .• C� I ,; 

I I• , : j • /; � 1 ,• I 

The Energy. Services ·Office maintains a database of homes which.,have been weatherized under 
the utility;',g; Residential Weatherization Program. Dust Sealing Program solicitation letters were. 
1'nai1ed<to customers <m.this list. The solicitation ·letter described the duct sealing process and requested'. 
that those .interested caB the utility, for inform�tion and to schedule an appointment :for a staff yisit : 
Non-weatherization customers were recruited for the Pilot Program through a ,single newspaper ad in : 
the Tacoma News Tribune and through promotion by the utility's field representatives. Interest in the 
program was also generated through a News Tribune article describing the program,;;,t;>f; t]le5e 
approaches the News Tribune article produced the most customer calls about the program. 
, , c'.; 11 Initial screening for. Tacoma Power customer status and central electric heat, was carried out by 
the Energy Services receptionis.t' Customers passing, the .initial screen were enter�d into. the: Quct i 
Sealing Program tracl�ing system, ,the customer was assigned to a Residential Field:Representative. and: 
a visit to the home was scheduled.. · , ' 

:,.' .. ;. ·-Ii•• ; • . ' ' • 
I 

' ! ' t f, • • ' ,f ,• • , J� ' • • • o, • ,r_ • ' 

2 '11te functiqns o( th� Gonservation Section were ,incorporated into;the ,ne;.v Energy �e�vices Section �n. Oct9f'er, )�g6. For 
the sake of consistency the unit is referred to as Energy Services throughout the present work, ..

. 
, , . . .· . . . , 

3 Initially this was interpreted to mean no wood heat and no gas water heaters. This criterion was ultirri!itd1y reJii.ied so that 

those with infrequently used wood stoves and fireplaces and those wich gas water heaters in garages were allowed to 
participate, .. . 

· . 

_ ..• 
_ . 

_ 

4 This criterion was introduced. to·.-increase :the, likelihood of continuaHenancy, d.uting the, ;tesf1Peri9d: , l.nvas sµ:Qsefit�PtJb'iio 1 
' 

relaxed to allow condominium residents to participate. : , , :· "' : , , ' ; . ' , .r 1 , , :.· ; ,.- ·; -�d .• i.1• n vJC 
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, , t'. : 1 9n ��e �(1f�fnvjsipo. 1the. b,ome; thfi Field �epresentative first determined ,that the residen� indeed 
had central electric heat and that the major portion of the d��c system.was located in an unheated space. 
If itheis�l'yf;i;tetj;i: ,wyr:�: i;n�t a check w� also1 D?-ade for the.presence of .combustion appliances. Having 
s�ti�f;�4 ap ; qfrith(i .t;eq_1';ir�ments f9r .parti<fipatiop, the Fjeld Representative then carried out. series of 
Illr��repients j ¥'1:,det((npine the .:le�\Q�ess,dJfr·the c;l,uct system. .'.These tests .. consisted ... of first 
q�press1:1���g: tf1.F �use �ith '!-•plower �oqi;,w�ing.� J>re�ure Pan test to sere.en-for initial: leakiness, 
and the� qie�wing the:�Jr le�g�J�f the·_Q.µpt syst<i)m witltai.unit known as a Buct Blasten· ·Those 
h��es. �jth leakage 3cPC>Ve 2,0<U;:ut>i,c f��t pq, m\nute (at 50 paseals) ·were deemed eligible for 
IW.rticip�tio9-:inJbe P.m::t S.e;ili:qg;Pjlot �rogr�•: . .  ·.-'. -1, , • . , · , ,,:; • , · , : "1i: . . " .y , .. :· ; , 

.;! :!i·r::Asiuml?er o�.qtb,er:,tests wer,e cqndµ�ted,on tnj:dirst.:v·isiJ,JestS.Which were specific to.the,Pilot 
Pr9gram ang w,}Jich, woµld no�·,be 1a.,part ,of��n opi<ration,q,l program.,: ·These additional tests"posed 
d@n,laµqs O,¥ p�ogralllstaf�rY>'hJ�h would Qe eliminatqdjn acqial, impleme.nt:a�iortiof the pmgramJ 
,;·;:; uT.!w .Pielµ .��pr�sentatiye."�plaine4� thy wprkings of the pro.gtamito::potential;participants .. and 

t��1<;ustQII1eIJ .i.nrcji@at�d a .'?'illingpes� to proceed,. ,lJiiiti�Uy each contractor was assigned fi:ve .to ten 
cQsJqpie� :,whq( ha,d .(ixp,r�sse4 ·an interest in participating,. and pentinenfi· information on . each as�igned 
hous�; �QUected on . .a. standardiz�d .:reporting form was sent to the c.cmtractor. As Field Reptes'entati1Ves l } . ' � 
cpntinued .to qualify homes the homes' were'rploocd�.on .a list, and� as soon a§ a contractor eompleted a 
job S!}tjsfij�qrily, h�/.she received!a new, woi:k nssignmentfrgm -that· list ... This provided an incentive for 
the co:nt:rn9t0Fs t<i>"�pmplete work:QIJ. a timely basis.;, "> · - . , ·' 

,, ·:AJl·con.tJ�t\lali;arrangements �ere between .:the cus��mer, and .. the contractor, with the utility 
having no formal standing in the customer/contractor relationship. Once the contractor submitted a bill 
forrwork·perfofIJ]edJo T:ac0,1ina Power, toe Ener.gy ,Services Office arranged for. an fospecti.-OR of the job.· 
lf-,th& .,�pr.k :,was ,d�med· satisfactpry :Energy.'SerV,ices arranged,Jor pa:y.FN:ent: ·to,,l'Ae �made to the 
contractor. As a part of the post-treatment inspection by Energy Services a second measurement of 
duct leakiness was made using the same equipment and procedures as were used in the pre-installation 
tests. ,., · ,, '.:.�+\; .;·�·��·', (') 

The four contractors participating in the program signed agreements with Tacoma Power which 
detailed methods, material spatirncations and procedures. for, .the Duat 1Sealing Progi:am.·:! They were 
also required to .attend mtilityisponsored ;ttaining: conducted' by,·W ashington State -Energy Offiee staff. 
S.pitcifi((ations for· materials'. and: .procedures w:ere·,pattemed: after 1h<5se used i im-an earlier·:residential 
energy efficiency buildingnrode prOject sponsored,·by the·<BonnevHle '.Power, Administration, the 
Rosidenti�lGonstru:ctionDemonstration/Program. ·!:!! ;;':•: .,.·: · . ,, ;<i--·o: '.:!,., ) " ' ! :::·i:v ,,_. 

)rl:� ' ' "-:( ::�, n f ·: r_, 
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· Tracking weoords 'fo:i:·•thei\ program included'1 customer :name;· address .amd>:account number, 
li'mited:-characteriStic�rof the residence (square foptage, furnace arid thermostatcharaoteristics),<pre and 
pbst duct pressrrrc and blower 'cfool"measurenjents,.ccontraetor·:name,:1labor and.-material�ccos�s. and 
whether or not the residence had been weatherized by Tacoma Power .. f ·, :_<,;:·, ·r. .:r;· c1;:1r. /. , • 

Approximately one year after all work had been completed on all 194 ·participants,. energy 
c

T
onsum'�tlbn'fecdrtts ·were· 

d
asse��fed ��r.,�.�h' 'h��se in 'the program .

. 
,i?�H)l"a��!·�ge�'temperatu�� ��� 

a�pma ,w�te �l�o _cnl le�te . _ . . . . 
· · · · .. . . 

t� � ' .\l, . f ..,·t fr�t·1 ft\'tj't> .... 'J't '�:.•J\�J) • -\. ,\\: ·'' < ')!, j,1· :;1·1, ' ' I ' '  , ... J ·;';;'fJ,-,,, , .'JI..� �u.1 
;.:: :);J\' :11lh li�J'' �.'."�ij1r�� T, �;·•'f,'J.! i.:l ti''·' �··1,.0 ';:;.-,, ··'J ' 1; H t: .. rr ·d • i 'L' . .'�: �- L ,;..,, 

'J > ' "- '• 

5 Ta6omai.PtJwet lrlis .. tlail y' hi:glt �nd :iow r�tnperat1:1tes fram .the weather station al! it!he:its Energy Control .Center for, the· " , 
period Augustl978through the present ·'· ' •:' :"l i"""'"'t /'.i•'. "'''';,;:> ''·' 
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Energy Services designed an instrument to measure customer satisfaction with thd Duct Sealing 
Pilot Program and to assess customer expectations for 1the program and· their hypothetical 'williditle'ss 
to pay for a similar program. The questionnaire was developed by' in-house staff and was' ad1nh1ister�H 
as a telephone survey by a local market research firm to alM86 program partiCipants who.cblHifiue(ftb 
reside in the homes on which the duct work had be performed. Of those 186, fully 125 comp1ete<f th� 
telcphonesurvey,fora�ompletionrateinexces�of6f7%.·•11 . : ·• .1:: ; , , : .. i ' . '. 

· 

With· data ·en changes in heating -system· leakiness, changes i'n energy consumption'.,"· atict· 
customer assessments·of the Pilot Program,· all that was: necessary 'for a comprehensive evaluation 'of 
the. prograrm was consumption information for-.a sam:ple'ofrcompatable hon-participant�. i This �ample 
was selected from participants in Tacoma Power's 1990;' 1992 'and · i 996'-Residential '1Customer 
Characteristics Surveys.·· Billing histories,· were czoUected for lt10se sw·vey part1cipa'ntflivin'g ·in single 
fa.•11ily residences with electric furnaces. The 223 'houses: so selected· were ideiitifieif ruVi\ compfu:is'On 
gr(lJ'u.p for the study; 'Electricity consumption fot1this groi:ip of homes' would be tofupared··fo the pre­
aild pOSt"'COTISUrnption '.Of the1 program participants' t6 see how much the participants-likely WOUid ·have: 
consumed had they not participated in the Duct Sealing,PilOt Program. · i'..' '' ; ,  , .• ··, :1 

Findings 

Changes in Energy Use: Partkipants 
I I ·/, "' '' 

.: ···'·U 
i ' , /, " i � I I • 

· ,. Of the l 94·participants in the Duct Sealing Pilot Program; :181 'had a su.ffieient number ufpre-: 
and pDst .. treatment electric bills to conduct an analysis 'of.energy consumption. 'The houses which-were' 
not iucluded:in the analysis had:too few meter readings in eirher·the:period before or the period after 
duct sealing. 1,0nly those lmuses with at least four readings in both the pre and post J!.lenods were 
included. With Tacorna.Power customer meter readings occurring every other month;ilhis meant that· 
those houses included in the study had to have at-least eight months of consutnption'data. 
v·: . .. '·Meter readings fo1� these UH homes·were subjected to a.PRJSM6 analysis in or<ler Lo· be able to 
compare energy consumption for, different time, periods. PRISM is a straightforward tool for adjusting·. 
billing histories, and its workings and theoretical basis will only be briefly ·sketched here. PRISM uses 
heating.degree days to a(Jjust annual energy·consumption so a-particularly mild 'Or harsh winter -in the 
case of studies of heating energy consumption - in either the pre- or post-treatment year will not distort· 
thli.resuJts of the· savings analysis: All consumption1is adjusted to what a particular house would have 
used in a nonnal weather year, nomial being defined1 as the kmg-term 'average for a given locality. : The 
resulting consumption is termed Normalized Annual Consumption, or NAC. 1 ·'.: , r ·. 

1· ' ,  PRISM, in addition to calculating the NAC for each house in the ·study, also indicates how well 
the house's energy consumption follows the outside ,temperature, · As the temperature fal1s, energy 
consumption should· rise iLt�e metered consumption is the only source. of heat for the home under 
observation. PRISM uses heating degree days (HDD), tlie difference between a reference temperature. 
65 degrees F1 and the local average. daily temperature, as a measure -0f the severity of the weather. The 

•' I '  i' . ,, 

6 PRISM is an acronym for PRinceton Scorekeeping Method and is a method for accounting for the effect of annual 
temperature variations on energy consumption analyses. The tool wao; developed by the Center for Energy and 
Environmental Studies-at Princeton University in the early l980s. Th� Advanced Version used .in the present study was co-: 
funded by the Electric Power Research Institute (EPRI) and was released in April 1995. A useful bibliography of PRISM� · , 
related research is incl.uded in· the PRISM documentation for the Advanced Ver&ion. A good introduction to the theoretical 
and practical .underpinnings Of PRISM is found in the 16 papers collected in Energy and Buildings,; 9; #J;-2, 1986;: edited by· 

Margaret F. Fels. : ., · ; " .. , , , '! , ·'i ;." -. f .. ' • •• ' '  · : ,, · . ·  ... ,' :. :.· ' :; :: :;.<1:1;"-ri ... ' 

2.Jt8,-.'Ler.ma1p :" .. ,,_,.\:.·,  ... ·. , ' "  ·�"' '.J, ···'• (1 
� ·-�::., • .:; 
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�greep;tent between energy con�1:1mption and heating degree days is taken as a measure of the degree to �h�c�.�he. boHse,.can be said to;be well-behaved in PRISM terms. Houses whose consumption does not 
tr�c�:·:w,e:Ul\Vi�p;'he�ting degree days - .e.g,. houses whose consumption is relatively constant despite 
IDIDjked .o/qp,si1:1 oq,FdOo{, temperature - cannot be e�amined ·using PRISM and are·:tradjtionally dropped 
fyomt�efl11alysi�,� ·•,'Jl. ! 1 \ • ' :: ,·,.;� . . · · .  ·' :\ r; ., " , ; ; · 

The 181 houses with sufficient bills for. analysis .were analyze&! with �PRISM, , and 'it was 
<;i,etennin(jXf ithat seven houses ha,d.<;:hang�s in annual consumption in excess1'of W,000 kWh.' Of the 
s�ven1 �� §a'¥,a;<l�cre11se-imcoJ;}fiUmption, gi:<:later than. 10,000 kWh and four saw an increase;· These 
we��i14r9pp�d _fr9µ,i. µi� a,[lalysis, along, wi�:an,a9ditional il2 houses whose consumption did wt track 
wifh;h,<?.atjng qem�edays. 7 This)�ft: 1(:)2 participantJ1opses in the analysis set ,.,, ',I: . , ; 'I ' ' ' 

: Jh� .ayerage� or,:rpean reductipn,t�n �nergy IJ,�e,for these 11.62.pru:t:iCipruats was 750:kWh per year. 
lt.sho:uld bC p�i9ted out that the vaj��ion in. reduction was extraordinarily large. Energy use change' in 
the .. �nalysis1s,et ranged from a low, 0£ -9,890 kWn.(i.e. this house·used 9,890 kWh· more; after duct 
sealing than before) to a high of 9,247 kWh.: In ·.statistical terms, the· st-an'dard deviation for change ·in 
energy use was over 3,000 kWh, four times thMlJ.ean. 1 • • ' " : '· : ij . 

Changes in Energy Use: Participan� 

In order to assess what the participants would have dqne h.ad they noLparticipated in the 
program, we set out to create a comparison group of customers who were roughly equivalent to the 
part�c�p�nts bµt }VQO h�d not ,t!lken 'Part in the Residential' .Duct ·Sealing Pilot '.Program. In traditional 
ev�luatiQIJ.S of;;we.atberization··pmgrru.:n s�vingsdhe use of non-particip:mts has· allowed researchersiito 
estiroate. ithe iJnpact of. non-progr;unmatic if actors on,.wergy consumption .. I These rfactors 1haNe cypicall y 
.inc}uded.:<=l:l:aages jn general economic conditions, changes. in utility rates, and broader societal trends, 
any ·o,.f<Vt-bkh might. have ,an impact _on energy consumption. The ·Comparison group also serves as an 
additional weather .. adjustrnent.tool.,; ;r'.• . <'�. ··I . ::i,:_ . 1·: ,,, /ii '!: 
n1 �1i· . .  Betcaps� of a lack, of;hous�og .characteristics for Tacmna,Power customers.' atJ large,. the, Energy 

Secyic�S1staff �:umed·to residential customers,wbo had,responded·to the utility's Resid�J;Jtial Customer 
Char.a���ristics survey1 in either,J990; �992 ord996� ''These., surveys· were administered to a random 
sample of.'f-acoma Powei::' s .. residentiaLcustomer b�e and inch�ded a.range of qaestimis on hous��g and ' � 

demQgrapbi� characteristics, including housing type; heating fu�,l and heat soui:ce� .G 1, J 11 � n .; �[ ;.; 

., 1 · :,Jn. the· three survey ,c�horts·(l 990�·il99.2 and,,J996) •there .'were .Z.23;houses1 which were roughly 
comparable" to the >group of homes '.that participated in; the .Residential Duct.: Sealing <Pilot Program. - ' -
These houses were single family structures and·were heated by a ·centra�electric furnace. J'here wasmo 
item in the survey which indicated whether the ducrsystem' was in . a heated or unheated space, but it 
was assumed that this was nob critical for the purpose of construotm·g a COII].parison group. 

Af-tritiori·for:the rt.om-participant group was higher than<.for the·.participants�· ha'rdly surprising 
giv.en·the fact that, seven years had:.. passed sin,te some of'the· lsurverrespondents had last·· been 
contacted. . Of the} �23 homes iim.itially selected for inclusion . in ·the ''Compatison group,:· l 7J had 

sufficient billing history data in both the pre and post8 periods for PRISM analysis.. ... _ _ _ .. __ 

I •I)� 
' ., I 1) �. \, 

7 If the ·association between: normalized '.annual.consumptfon and'heating:degree cdays was Jess than'..75, ttie houses were (V 1 : 
dropped'fromthe;sLuidyi . .t._ :.'Jk ; .--:• "'· 31\ .·�·"'il " ·'' ; '" . "-''; 1°� L , ,,, ,.,,, ,1·�· ... . : , , ; ·" , .. 1�· 

8 Of ttourse; rthere.iwas no trae 1''pre�· 0r1 �·pose� period for the ndll-participants:since they lt'ad·nbt participated :in lhe d uct .iii:: r 
senling·programl F.or the'purpescs'Ofthis•anacysis 1995'-was considered.the0"pFe,period and11996.t,,he l\postl' period.for.the 
non-participants. This corresponded roughly to the pre and post periods for the participants. ::. 
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Non-participants were subject to the same screens for extreme changes in ·consumption and for 
poor association between heating degree days and consumption as the participants . .  · This reduced the 
size of the comparison group to 138 houses. · : , • , · 'i'> .. , ... , ,; ,, .. ! • · :'. 1:1. 

Non-participant houses displayed the same large. variation in ;pre. to post annual ohanges �n · 

consumption as the.participant group. After.dropping extremely,high ,and low( cases and . eliminat ing · 

those ·houses whose consumption; did not roughly, follow 1lileating.degree days,ichanges s,tiU.rangecrft:0m . 
roughly -7;700 kWh to almost 8,300 kWh. ;Mean�energy:use·change:;for the non-participant WiaS!"".757'J• 
indicating that the average annual consumption for this comparison group1ac;:.tually .. increa.sed·by more . 
than 750 kWh in. 1996 compared to·1995 ·afteLadjustingfor weather,d:ifferences; :,, ; , · ,, .• i . 

• ·,_l , '·' '.1 l ·: 
Net Energy Use Change· · 

i ',I • 
\!·.· '.\i .I 

r". ' ,,\ '· ,, 
: ; ; • �, i , ! i) I l' l , j • j '. I 

; :  

;,;.,1 . The taqle b�lt�w. compares the ch�nge in.�m,nval electric energy use f�� progral1). p<;lfliG�pants and 
non-parti(iipa�ts . .. Jn; . �ach, · �roup · ,there are m�y whose consumptio� 1 i_nqr�.t,LSed in . the peri,o� .. aft�r: . 
particip�tiol}. i1;1 the program,, b�t ·the. trend that emerges from the data �s that more . of �p p��c;ipants,. 
enjoyed.redu��d �nergy,c�n.sumption, i.�. positive savings, than was the 9ase for tl;w,,.ngn:�P�icipants:. 
the participants reducep eonsqmption by an average of 750 kWh per year, while the n6J)';partiyipaNs ·�� .. 
a group increased cqr:isumption by roughly the same amoui;it, or 757: kWh per year. 1T}le conventipn� 
interpre�ation of thei;� two .. figures is that tQ� p<)rtic�paqts .:would ha"'.e jncI"Fased t.heir, aver��tf., 
consumption by the latter amount, had they not been involved in the program. In other words th� .�et 
change . for the. . .Residential Duct Sealing Pilot. Program is the difference. between their change (in 
consumption an�l �he .change for .the no11-part�cipants. · .. : 1, , • . • • • • ·; . 

• 

• • • ·, , .· • • • ·--' , • •  11 .•. 1 
' •1! ;,'l I : ' ·' � ' . . . ) ; . .. ' ·�' ... .. ' 

· 1. Table 1. Changes in.Pre- and,Post-Program Ene�gy Consm11ption 

Group 
. . 

Program Partidpadtsi ! · · 

Non-Pa'rticipahf Sample·· 
Net Savings 

Size 

162 I 

138 
' 

. . 

.. .. 
i,�' r 

.. · " 

Mean kWh Change 
I .. ····750.' 

. -757 
1,507 

' e· I ' 

"Savim!s" Ran2� {kWJt) 

.. -9.890 to 9,247 
,-7,700 to 8,30Cl 

·' . .. 

The n�t fi�re°is.·derlved by subtracting the average change 1for the �on-particip.ants from that 
for �e participants: 

I •.J 
[ChangeparticipantsJ - [Changenon-pw'ticipants] ::: Net Change 

[750 kWh] - [-757 kWh] = I ;507 kWh . . 

............ -
i Cost Effectiveness 

' \ 

j. ·1· Conifactnr�1charged·JU) av�rage <>f $450.73
,
fo.peiform �ll Lests and seal the ducts for, all of'the-

·ho•is�s tli�t pifrtic::ipafod in the program. Costs ranged from a low of $41.84 to a high of $'1,263.51. · 

'.· .  '. 1,:l'The s_,t;l81ejob at th�.Iow end of the cost.spectrum is {10 anomaly and represents a qou&e where 
very little work was perfonned. The. higher. c;o�t jobs, those n:iore than dou!Jle· the average cost of $450, 
either had si�ific�t repair costs included in the 'total cosi of the work done on the house, were very 

, � . r , � ' If ·1: t �I : ! I • f ·� •1 t t - •• '"'° 

9 In Ibis atwi'the discussions•that follow we. will continue t9 refer,lo)995 and J991$ as t�e ''.pre".f!.nd '.'.post;. p,e�ods,; .. 
respectively� .even ihough there1was no event for these non-pai;ticip�ts w!t#;h: s��� ¥a ryfer�1_1.i;:,e .for pr�. an� 120�.�� . , 

2.J� "'• l..erm<lii.c1'i .'. ,.- ; -. . 
4 ,.. 'I,' 

... 

I 



large ' homes .with extensive duct systems, or were participants relatively early in the program when 
stafif cost-control oversight was· less stringent. · . .  

Interestingly, there does not appear to be any correlation between the cost of duct sealing on a 
paITticu131!'house and the energy saviags: The correlation between contractor cost and energy change is 
less 1than- .03, <where; 1 .0 would·Tepresent a'perfect association between these twO' variablesf 'Anotheli 
wa)')uf'expressing this relationship, or lack thereof; · is to 1say that knowing how much money was spent 
00' sealing· the ducts in a particular. hcmse�.does not :help at all in predicting how much reduction in 
energy use1lhat :house,w<;>Uld;enjoy., . .  · .- • t : •  ; · .. , .: ·: :'. . .  , , ,  : .· .  

The cost of conserved energy. under the iResidentiat 'IDuct(Sealing Pilot Progtam was 'calculated 
based on zero measure contribution by the utility, with Tacoma incurring costs only for the 
administration of the program and the theoretical cost of money for a zero-interest foan , to . the 
customer. 1 0  

" �-: ' : ·RecaHingl that the mea:n job cost under1 the ·Pilot Pro'gratrf was apl)roximately• $450; : we can 
cafoufate thcfcost afa:zenf-interest 'loan to Tacoma:1 The followin'g discussibn :as-sum.es that the cost -of 
clipital't-0 Tacorria1 'is '6%' per anmfrn, that the ductse'aling work·h:as:·a ·lifetime of ten years, and that the 
minimum loan payment is $20 per 2-month biJling period. In order to simplify: •calcuiatiobs'·we will 
cild1late 'tlle c'C>st" of money fo'Tacoma based on'· a $480 loan with a tertn of 48 ·months. ·We then 
caittilate the cost to Tacoma of' a ·  $960 load with a 'capital cost of 6% per annum and a term .of 96 
niciritlis. Tne final calcufation will be for: a·loan: of'$ 1;500 with the same cost of capital - and a tetrn of 
to Years .. ? ' ' ., . . . · · .. · · · ... j : . . � .. '' ) ·· • 1 1  • '. i  . . 1  ·. . ·- :.J· .. . · . . · �  , : 1 , :·1 i 1 �� �.1 

: {!. In �dai'tfon'�io 'the-' capital 'c'ost of a. :zero interest IOan to cover the cotUractor costs for:' €ach 
participant, Tacoma incurs costs in the form of staff ahd· managefuent hours fot each-job;: . An analysis I 

of the costs of administering the Residential Duct Sealing Pilot Program revealed loaded staff costs of 
approximately $250 per house. Elitnifiating the extensive testing carried our to support the evaluation 
of . the pilot . . would reduce the ,_staff .cost Jn an operal:ional program to appro���a�ly __ � 1 6Q per '" 
p.artici,pantn · . . . ' �� } . i  · . - · :_.:·: :L::. - ��:�· . ::.; :;. _  . . . . ., ::·. :·'. .

.
.
.

. .. . .
.
. . . . . 

: ·  �� .. . 
Tab.le ·'2 •below shows the derivation of the levelized �ost for duct sealing . jobs of varying1 . 

t��t;a�td�: cost�;�:wi'tli ad�nistratioii COSJS aSsumed fo be $f6o· per Joo . The" T�tal Pf pgr�m "};pst is th cf . 

sum-or the.cost io Tacoma.of ,tile zero fntei-est Ioan-ana admiriisfrative eosls. " · · . .  · . . :· · ', · ·· · ·<� ... . . . .... ..... ,. .... .. "' .. . "'· · · · -· ' . .. . . , . . . ' . .  : ' · .  · ' " ' 

. . . : .. 

Measure 
Life 

(years) 
10 
IP 
10 • �! 

t rab�e .2. Levelized Cost pf Zero lQ.te:rest Loan and Progp:1rp. Ad1Ili11istrative Costs . 
i .,. ·.-1 , · · · ·· . . , , ... .... ,_. J , , . . .. '·' . . ,1 ,; 4 • I ·j , ;  I 

Loan Loa,n _ ,  " �ost,5?f . Tacoma 
Amount Term . CaP.ital · Loan . · . . 

Tacoma 
r: . •f:• r 1 � 

.Adrpin· 
, . .  ,Total ! J 
Program 

Annual 
Savings 

Lev'. · 
Cost 

(years) Cost Cost Cost (kWh) (mills) 
$480 4 

$960 8 

$ 1 ,500 · 'fo 

6% 
6% 

··:: . 6% 

$61 
$207 

'• ' '--.. • • , I ' r� ,  $lJ23 . I 

$160 $203 1 ,500. 1 8.8 
$ 160 $367 1 ,500 34.9 
$Hio· ' , ,  $583· r!: 'l ,5Qff> L · · , , 5 6 .0 

' 

.. . r� , . .;- '.• , .. ..� .,; : ' . ' • r l · � Jrt 

.. , Th��B,igh 1b��ii,�eh 1�ost for thk l�rg�st i�an is t�e resrtlt of the i�creased loan: •amount and the 
lengrh of the loan. 1n .  order for this �izb' ·and iengrh of 'ioin tcf1meet the utiliiy' s cost-effectiveness 

, 1 .  · r r \ • (J ':" • , ) 1 • ""'I I � , .. . �'.'. { • 1 ' .J ·. . �.l.:i , . :\) : �, 

IO There was no zero-interest loan under the Pilot Program since the utility covered all program�osts, -'.fhc.calculations .of ..... . 
levelized c6�tttllnis'sedticin1h5sume ·tfiaMhe\hperational prdgram0williiT1clude a izero-interest lolinJ"o"<:�:ver the cooo-��on 1 J 1  ! 

costs on the. 'custohief;s !Jehalf. 1 The admirli'slrattV't'COSt'-tM the;loan·is foond uruilenli'Tacoma .Admi'.11 €9sl inrrabJ�.g'" 1 t::Jc1 :: : 
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criterion, some means of reducing either the amount or the length of the loan·woUld ' have fo be found:· 1 
Alternatively/the participant• could pay something toward the· cosL bf the loan, thereby reducing the ·· 
.utility's costs. Fer example, a: 4 percent loan (instead of 0%) would ·reduce the 'loan c-0'sts to th� utility 
to $ 1 37, which when added to the administrative costs yields a total cost of $297, or just under 27 
mills . � ,  �· . : _ \ .. : i  .. � :  · ;� 1 '  · � 1,-r'. � 1 �  .I iL , t. � l · '  1 

.. -
Assessme11! ()f'_(;oqtrac�QI,". Perlormal)ce 

I , In the course of the pilot Taco�a Power enlisted ·the services of four contractors to implement 
duct . improvements in customer hom�s. . All four contrac::tgp; p�icipatyd in the Washirigton State 
E�ergy Office training offered through Tacoma Power, �hd all were able to perform satisfactor.ily under 
the guidelines and specifications established under tpe Pilor'Ptogram. Table 3 is a cowparjson of 
contractor participation, average cost and average energy1 reduction for those horhes whicti were 
suitable for incJusion in the PRISM analysis 1 1 • 

� 

Table 3.c _Cont�actor Activity and Performance . 

Number of Average Cost Average Energy 
� 

Contractor Houses . .  . . Reduction (kWh) 
.. ... - A - 63 $487, 843 

B -� 1 $402 685 ' 

, .... ,, ,i.. !' c . ' ' 32 ' $53 1 1 79 . 

012 14 $259 1 ,909 

All Contractors . .. 1 60 ' 
$449 753 

. , .Based on tbi� segmentati9n of a none .too large total sample, it would not be prudent to draw 
overly confideiit cotlci'u's ions· ab'out ·cotnpatati�� contractor pefformance; 'For example, the ap�arently 
low cost . ana very h,igh en'ergy redu(;tion fig4rbs' for Contr�ctor D aie based on a very small number of ' ..,. . ' .. .. ( . ' . 
cases: . The 'relati��-ly high cdst (!nd poor p'erfoin1ance for Contractor c 'are likewi'se to be interprete� : 
somewhat tentativetf It 'should be noted� 'however, that the cost levels for jobs by Contractor C were 
the subject of concern on the part of program management relatively early in the prolit'iun and ' '  
prompted discussions with that contractor and warnings that their costs were too high. 

The conclusions of program staff and management' at t11e eiul' of the Pilot were that there was 
su(ij<;:i�nt 1.9�3:1 ��pert\s� jn c;tuct seaF�g to �arrant . continuation of the program if o�her program 

. . • �· t l • • '• .:• • : ' ,  .• t L . • 1 ', J , ,  ' ,  i.J t , • . • • , " . . • ·, , ;. • •  ) . • ' su9cess-cnten� "'.ere1�et. · · 

l • I  
' � ' e 

··. ' . • i I ' ' •_ ! ·� ''I ' ' ,I ' I ' ; • > J r' . I ' : ' I • t • t \t , ' I "  '1 
Chang� m .  Energy Use vers;u� Duct Le,akage ,. . . 

· · 

· � . I ' • I 1 • • • 

.,' 

' .< • • 1 -...' I , _,. • t � l ( J 
'' 1 1' �  :If w� compate the :results of the te'st of the duct system before: any work w;.i.� rlcin�· on ;the h'o11�� 

with the results 'of"the sain� type of test c6nducted after the ducfwork was completed, we have : two 
mea8ures of hfakiri6ss exptess�d in cubic feet per minute. The difference between these two test results 

• � \ '.: ·, •• ' ' r \ ,'; . • j � .I f ·' .• , . · ; . I ,[.;.. ; ; • J , d' ·l·i ! I 

. ·,, . . i �  �-i�;,\ . • .  :. I J"i : .: � ·}: ; l !  : /: : . : � ; 1 J J •: ; .: .• t :i 1 .J' •; ! j i I 
11 Incomplete costldafa for orte job :reduced the sample size to 160, compared 10, 161, for the P,RCSM a!lalysis, . .  , · . :.: ' '  1 1 ; · , . y :  
1 2  We should nole that Contractor D, in additi<?

_
n tq being tht; lo���� fOS,t ccmtracl9!, 'ri.th the:best eriergr �e�B��vW�����.'.J , 1  

the only contractor with zero customer complamts ·· 

2.12Z't-. Lf7'1'n41t :1 ·l' i :� : . . �··_ ;:..·_,(;. -J· l , .J·-� 1p 1\.- . � �  1 ,  "'> ; 1  i'·, .:\':· 1 ·  .. �;;,t�:i. ..... ,:·� ·. � .� / .. :·� . .. ; t. "..J� f,j 1 



is the change in leakiness. : We can then correlate this change in leakiness with the· change in energy 
consumption, i .e� th,e energy savings. We would expect that houses with large changes jn leakiness 
would al,sp tendto show -large energy savings. Figure 1 below suggests that this is not the case. 

: ' 1 '. ;., : t i  ' I 

Figure 1. Change in Energy Use versus Change in Duct Leakage 
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�is yijtial impressipp isrr�inforc�_d_whery, �e de9;ve �·� �(4tistical. relati9��r1P be��pen chan� 
in .duct leakage and change in en�rgy use. , ;The correlation �tw.een. the two measQ.res is clQs� . to zero J • ' • : ' .' I � • • I " _. l " ' - J \ l t )  0 1 ,, .  j . • _ �� is, in fac�; slight�y n�gative :aL1P:-:P6� For :ithe h?uS�$. in 1��. �ilQt _Progr�1. a� .Jee�t, • . l�rger; energy 
changes ��d to be a�.sociated with smajler amounts <;>f 1mproyement m the duct system, al�Qugh the 
asj!�i��i�� i�(1very close t� �ero:-, .1 : . . .  :.:� . .  ; r; : ,Jcj . . r- . :; !.: r : ,  

-

· . . . .  
� �. . . � c.·1 _· .. ' j  :l ) '; ··:' . ,  '-' -� � ·� . ) q 

W�therp:ed versus ·un�eath�,i;ke� Homes . 1· •. · 

'f; I 

�,f ( ) [ J 

' f ' 1 ;  1 ' i ;, rt 

c Th� �rigi�al . ���ear�h de�igri 6all�d1 ¥6{� examiii'ation '�f
; tti� ·differences i�' energy sa�i.1lgs fr6m 

< , \ . ,  • •  _ "! •  ' ) _  . .• , , .  
duct sealing for houses which were previously weatherized versus those which had not been 
weatherized. It was thought that previously weather,ized hp�se�. might present lower. savings_ 

• • • � • , I {" • ' ·. 1' : � ;::1 ' ;J 1, :I .· �/ , . ,•: ., q r  •i · ' opportumbes from duct sealmg smce convect10n and conduct10n leakage from the house shell and 
ghq�i�g 'Yas . sm�ll  . ,itjative , to, Ul}We�tht'1ri�ed honst<S::. � Tl}e tpl lowiµg :.��cµs;;joTJri 1�s q�ed on a 
cp:qipar,isqn of s,ay;ngs,f�gures from 73 unw�atherized bouses_.and 8� we<i-�erij':ed hpus�s. 

'.. Th� expe_ct(,ltio.r;i. �h"'tJ .'r\'eatherize� houses would �xhibit sm�ler· 'ch'�ges i,n., fq�,�.ID' use .�an 
unweatherized homes was borne out by the data on the houses in this study, with those living in 
unweatherized homes realizing almost twice the average change as those li:vingjn_weJ!fu(:Ii��d_h._om�_. 
Mean weather-adjust�d change ·. i'n1 energy:mse for the ;weatherized .homes. :�as. r5J,4 :k'W;h, while·.non-' 
weatlieriZ'ed'hdmes'cHan'ged -by 'ari' averagS�f'h012 kWh ·amllially. · . 1 ' . • . 'J n . , , ·: : '  · ' · 1 1: ) :' ; 

� '. · ,- i -• •f : , 1 1 · ; jJ: 1  1 Y:  � ' / '.'! ·: ' J:_ : '; , · l . J \ . i •  · � ; J  
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r The cost of\_�uct sealing ' ih these two groups of 'htmies was nearly identical, $44fr lor the 
unweatherized cohort and $1447 for-those which had beeni previ<5usly' weatherized. This · should no't be 
particularly surprising given· the earlier •finding ·of essentially.) ·nd · 'relati<>I'lship between �job · 1cost and . " - d t·o - · · · · · . ,- .  1·r · · · --· · . !  1 •  • - . -

· 
. . .. i '  -. , .. , · ·· · --energy use re uc 1 n� . ... -.... 1 . ' " ·  ' < '--· " . _. " . " , 1 . . . .  . ,  .. ., _ ,  -- • .  • . .  _ " " ' i  

... _ t : , ; 1  . Although -this lilreadrm0dest sample of homes: in1 vhe- Pifot . .  Pfogram is even further r�duced 
when 1segmentoo' into weatherized : aAd. �unw:eatheriz6d: ; srltigroupst the- :magnitude·• tdfi the! differeride>' '  
ootwee'n the two 'coh0rts 'is sut:Ptisingly �arge an� suggests: that :iu� �net an artif�ct of Sampling·:· : >I i 1 '  :·: ' 
:.:; _, i ( t ·· • . .  ; ;  : \ : : J · ' 1 --� t ;  .1 .• .:::. i :  ,.·. , . "J �: :1 · · , �  -:i _-: ·' � i f :  J � · . _1 :� . .  1 :�-. : � , ; ··1�-: ·: . .  �·.. . : : 1 � r · :), · u . ! � f  ; . � \ , n � , -A 

r.1t- · ; . - - A' ·  . ..i. __ , :f h. ·ip - . -. . . , .. . "' , . 1- 1 - ,  . 1  < ,- . ; . . - . .. ... : ." . .  ' " ·  , . • • • . 1 . . . .  , , . , . . . .  - - - " . . --. ll:.UStomer :'Ccepta1n.:e o t e ·  rogram, --· - , . 1 • . . . . .> ) .- · · - "'-" ' ' -· · · - 1 ' 1 -- A r  • .  , . . . r  __ , . , _  . , . : . .. .  .i., _; , .. 1 . · , - : 
1 { ·. ,: ___ ' Ji ; J 1 .,, ', J . , . , : � � : � -.:>. : · 1 :. � ·  i i )  i ,  � /t _ ·� . - ' t ' '. r ;  :.'.' '.i t l'.i '. 1 . 1  : : 1 � i � : . 1 : ,,  ... . >. : t r  l 1 .:J • . 1  · �  ·i · ! : ;· �- ! �.� � p ; �J tt 1q.: . . ;1 1 · v�-
' , ; rJ,; In order .to. determine what. pllfl:icipants...thought .of the Residential ·Dqct Sealing Pilot: PJVgil�U 

TPU staff designed a telephone sur.vey: whiqh:would assess participants'; reasons. for participating in .the ·_ 
program, their level of satisfaction with the work done on the house and with the contractor who 
perfonned- the wor�'! .. and with . .the program overalfo .1 Items w,ere included wh.ich tapped particjpant 
expectations for the program and attempted to determine what changes to the house which might affect 
energy.consumption "Ji��·:�n made since t�e duc't work_;\Ya,s .completed. . . . . : """ . . :'':. �-�{:\� -; . :-ci �� ·:. i\-· 1 ' Survey interviewers were able to; contact l 25 of ;the 1 96 progrfim parti�ip;mts. ,0(, tJle�� 1 25 
who ·oompleted"the ··��,lijjlioiie survey 103 Jiad usllfile billing 'li.istories "after PRISM analysi��· .J'lfe.j.if��al·.� i 
consumption of tnese 1 03 lfotiseholds whi<!h partkipatetl in the program ·mid completed the st�rv-�y;;'Q{as.: ·­

cotnpared to the-59 program participants who had usable bills but clid·not·complete tfle survey . ..:. Table 4 
below shows the 6omparison between progr� participants ' who ·cempleted the sufvey a�d tif6�e�wh�'� 
did not and reveals that survey respondents'enjoyed smaller savings . than non.,-respandents .. . . . . .. , _ _ _ _ _  ;1:_ _ 

Tlible :4� ; Pre-! and P'<)st-program Energy Consumption fot Survey Panticipants �versus Non:..parudpants 
t� q ,- - �  / 1 r : >J -� :· ·. 1 .�� · 1 i v1 3 ,  :· . . , �J; ; n i c . d � j 1i '  ; : L '( · Ii .: fl �- . r1 ? :  
� -cb-n�· 'Iet�<i' ; 

· · · � l ·�p--1� ' 'lele ' " . n . 
-,r. ' ,. ,P;: ;' . •i . . survey · 

Yes 
, ,  No. 

• • I 

I 

: .. .! Total· . ,_, ... 

'. '. '.� �: · /!rc�p:?�tarH · 1. · · t� 
· ' ·cq!�Su'i'i1p1i,oh ·· . . 

PREN AC (kWh) , · .. : .;i1;494 
� 

j •• 25,38'6' 
l .... 26,726 I 

• 1 Po'st..:prograrifJ • · · 
· · Coqsu'rripti�n;..: , ,  ·, " 

' · Pi:>STNAC (kWh) . . ' 27,0215 ' ' 1 1 .1 ' .  
.. .  24; 142 . - . . . ' 

'�5,9.7.6 . . . .  J . .. " 

- . 
; AonuaJ ·change: in.Enbrgy Use :. 
-.'.'! r: 1• · J ' . pNAC-(kWh) · · ; · .. 

• . ; . . I � • - , � .. , ( • 1 • 

·" � I '  I ' 

._ 

I ' ·-· 

h I 

\,. � 

l�:U.'•4()8 
1 ,243 

750 ' 

:o; ·r:• · 
' . . 
' . 

0 .. I \,, 
: :J � : )� : \  __ , ... � ::.: 1 o '  · · l u · t ; ... · ,1J . \ ·� .-·: i j ; I /_� · ii 1 1 .. �" ' ":i ·\ _.c, · � ,

·
t-� . . 1� � . · ...... 1 J ,: 1 ·  .. L, \ 

1 1J c;·: , {In. �\e f!�cussions;_�¥�ch J�l lm� i,t sbo.u.�d ge k�p,I, in .'l1in�1 tq�t �g�}:��$r��P> whicti
.
coJBP11�n�1 • the survey had a smaller mean change in energy use than those who did not take part in the sµrv�y,.) 

We asked what participants in the program had hoped to accompUsh by having work done on th�ir due( 
systems. Virtually ·everyone who answered this question responded that they hoped to u��- ��-f,en��y ,  
to . heat their homes. Forty percent said they wanted to lower their heating bill ;  27 percent wanted 
.. More efficient heating;" 1 4  percent wanted to. bring their heating system 4p1 to dale; 1 0  _,per��nl cited 
energy conservation; and one percent ���t�d �tter in's�iation '(;( th�i� he0�ti0g' sy�t�rri'. "<)rily'.'5 percent · 

lii>�d:1 .. "incr�ase� cjrculatio�" �!\ the r.eason .(9r having. 1 wc;>rk _donp .9� 1f�eir du�t syst�ms, and an 
�dditic;>mtl 4 percen� �jd not know ��y they parti9i�at�ff ,01; the� f�,��·�1 to an,s�er. ..: .. , . . 
ri 1 1 1 ·1t.bW.he� �k�d�)1pw well t9e.:P!.�-�am �jq w�31t 1 they .�9"7�41 , Il �?Yl,d qo • . 1�� 1 P;7r.�nt of the 

telephone respondents replied that they thought the tWO&ra� �i� eitl}�r! "ExtFen:ielY,, 1Yf.el�." or 'Very 
well." An additional 23 percent thought the program did "Pretty well ," wh i le nine percent thought the 
program did .. Not so well" or "Not at all well." 
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,. Table 5 shows the rr;iean energy change for the three groups of respondents to the .survey. There 
appears to be. lit.tle relationship between pary:icipants ' . evaluation ·of how w.ell the program met their 
expectations · and acti,ia1 change in energy use: .the group with the lowest average change gave the 
program the highest ratings . This apparent paradox may be partially explained by. the . fact that .. the 

·change jn energy con�umption, while measurable and significant when considering:an �ntire year may 
notbe,particular1y notic�able 0n a given µtJlity bill.< For a participant whose consumption .decreased.by 
I ,000 kilowatt �ours on an ·annl,lal basi.s, .the .cJiange, on a single two..,month bill may b�.only 2o0 or 300 · 

kilowatt hours. This might represent a percentage change of less than I 0 percent for the typical 
participant and could very well be overlooked. In addition, the number�of beating· degree P,ays,. in :1996,1 
was approximately I 0 percent higher than the number in 1995, further obscuring the apparent impact of 
the progtam for the participants. It is therefore not particularly· so.rprising that participants are llot able 
to accurately gauge· the impact of the program ontheir energy consumption. . : : · ; "  � · · i : ;  ·,,. ' 1 ··1 · 

· • I i ,  1 ;  ' < ;  ' .• 

Tabl� 5. Perception of How Well Program Performed versus Measured Change in Energy Use . .  ' '  
. • J r 1 1' I ' I ''..-• i r • • • • :.  ' J 

How well did duct program Mean Change in Use ' .. N � • I ;1· Std} Deviatibii ' ; j :� �) : -� 
meet er/Jec'tations? ' · : .

'
(kWh) ' .  

Extremely well!v' ety welt' " ... 
' 320 ; 64 

Prett� wdl' · ' ! . 
852 22 

Not so well/No at aH we11 769 10" 
Total - 488 96 

' 
' _ . � 

" . , . . ,  
. .. ,. · -

'" • • ,  •' \ � -..:, '; •ri I ' :  . .'! 

2' 825 . ! ) . · l ·. j i  ' �. , ' ,. , i. , ·( ! '  .. , • ' , I ) . 1 . 2 522' ' . ' . . .  2:019 . - , 
2,673 

. .. 

: Realizing that this was a program without .co�t to participants, we investigated participants1 
feelings about a program with some cost to those participating. When asked wh�'ther they would 
reco��en,d the program if the, program we�e n°i long<!r. free tol parti�\f>,�nt

.
s',.}6�percenne-pl,�ct. ·���� t��Y' 1 

qefimtely or probab�y ,.would, 1 3 percent s�1d., �1ey p�obably or certa1nlx W0\1A4, po� and �en p�r�n�s�d 1 

they did not know. When asked how IJ}.µ!::h they though_t people Yfp�ld ·be . . i._vjJl �ng to pay tq "���e the 
woi""k done on-their ouct systems, assutni'hg that tpe money · w.ould be loai�ed to participants th,rpugb a 
zero-interest loai:i. "the majority of our survey1respondents, fully-70 percent; 9-id not -know what- -0thers 
might·be will ing to pay: Of the 30 percent of.the survey respondents who would estimatethe.Cxtent.nf 
people's wi.J lingh�ss to pay for duct sealing, almost half thought the pri�e would he Jess than_ $2DQ ... . 
Another 3 1  percent thought people would be willing to pay between $200 and $500. It will be recalled 
froiii th� c6k:ifrt'ectf vene'�s section tttat contractor costs' for tne program ranged' from less than $ 1 00 to 
mor�',/than:$ 1 ,200 . . / L ' ' j ; , ' \ > '  ' ,  ' .. / • - ' ' l  ! (  l r  

I, ; } ,  ', ! • ··  : 

coiic1usi�iis 
" 

Tije J.essons ftom the pllot program are quite straightforward: ! ·  ' ' , . ': ) 

. J  

. , 

. . .  • ; ,, � 

1 .  Reducing Jeaks in heating duct systems results in net reductions in energy use, :  Average 
, energy use reduction per partic'ipant js approximately 75'0 kWh per year. Taken together 

. •  ( , i;. �1\,ih increases i.n consumption for comparabfo non-,partiCipant homes: yields a net 'reduction ( I• I ( .' ( > ' ,..I. •J •' " ' , • 
, .. "' I 

• .  ·;·, " ·  : : ,,<;>f �pwoxitnately J ,500 kvv h per year. · · · ! • 11  • ! • · .. q .. , 
) \ , ,  ! 1 t;.' •. . l,i . I · ' • 1 j\ -_.... I • j f i q •  . • • .. - · · • 

.. 
' 

. • • ; )I ; I . � ., ,-
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2. The cost of these improvements to the duct system represent a energy resource to Tacoma 
Power with a levelized cost of approximately 17 mills, depending on the type and length of 
financing. 

3. The change in consumption for participants in the Pilot Program ranged from an annual 
increase of nearly 10,000 kWh to a decrease of 1 0,000 kWh. 

4. Homes whic.h had not be.en previously weatherized yielded decreases in energy use nearly 
twice that of homes which had been weatherized. 

5. There appears to be little association between the cost of the duct sealing work and the 
magnitude of the change in energy use. 

6. Sufficient expertise is available in the local area to implement a duct sealing program on an 
operational basis. 

7. Participant satisfaction with the program is not related to their level of energy use reduction. 
8. Overall satisfaction with the Residential Duct Sealing Pilot Program was very high, with 80 

percent of participants saying that they would definitely recommend the program to a friend 
or neighbor. 

9. Most participants were not willing to estimate how much they thought others would be 
willing to pay for the services which they themselves had received without cost. 

Based on the present research we offer the following recommendations: 

1 .  Do duct sealing at the same time as weatherization to reduce administrative costs and to 
meld the cost of energy savings from duct sealing into the higher savings from 
weatherization. 

2. Target unweatherized homes first to maximize program impact 
3. Manage contractor costs and place cap on total job cost 
4. Institute cost-sharing for higher cost jobs such as non-zero interest loan for these 

participants . 
5. Monitor administrative cost to keep total program costs down 
6. Reduce dry hole percentage through stricter qualification by intake staff. 
7. Stress "improvement to heating system" and "comfort" rather than energy savings in 

program promotions. 
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