
) 

4078 (RP-865) 

Evaluation of Residential 
Duct-Sealing Effectiveness 

Grenville K. Yuill, Ph.D., P.E. 
Fellow ASHRAE 

Amy Musser 
Student Member ASHRAE 

ABSTRACT 

The purpose of this project was to evaluate duct sealing 
as a means of reducing the energy consumption of hot air dis
tribution systems in central Pennsylvania houses. Five houses 
were studied, all of which were heated with forced-air electric 
heat pump systems. During the winter of 1995, the heat pump 
energy consumption, supply air temperature, and the tempera
ture at the thermostat were monitored continuously for 
approximately two months prior to the duct retrofit. A test also 
was performed to measure the leakiness of the ductwork The 
ducts were then sealed, concentrating on duct leakage to 
unconditioned spaces. After the duct-sealing project was com
pleted, another test measuring the leakiness of the ductwork 
was performed to determine changes in duct leakage charac
teristics. Finally, the heat pump energy consumption was 
monitored for another month. Energy consumption was then 
corrected for weather changes, and the results were compared 
to the results from the previous two monitoring periods to 
determine the impact of the duct-sealing retrofit on energy 
consumption. Based on the heating loads during the two mon
itoring periods, it was found that the retrofit had a significant 
impact on energy consumption in only one of the houses stud
ied 

INTRODUCTION 

This study evaluated the effectiveness of sealing leaks in the 
ducting of residential heat pump systems to save energy during 
the Pennsylvania heating season. Energy loss due to duct leakage 
occurs when there are air leaks in ducts located outside the condi
tioned space in areas such as attics, crawl spaces, and basements. 
Studies have shown that this energy loss can be reduced by seal
ing the leaks in these areas (Jump and Modera 1994; Palmiter et 
al. 1994). Although it may reduce thennal comfort, duct leakage 
to conditioned spaces is not a source of energy loss because it still 
provides heating to the house. Duct leakage has been found to be 

a major source of energy loss for some heating and cooling 
systems in some climates. However, many of the studies done in 
this area focus on houses with ducting located in attics and venti
lated crawl spaces. Other studies have indicated that the savings 
may not be as significant for houses with ducting located in base
ments (Blasnik and Ide 1995). This duct-sealing project focused 
on central Pennsylvania houses with most ductwork located in 
basements (some was in attics) to see if a significant energy 
savings could be realized. 

GENERAL APPROACH 

Houses Studied 

Five houses located in Centre County, Pennsylvania, and 
between one and nine years of age were selected for this duct
sealing project. All of these houses were heated using standard 
air-source electric heat pump forced-air systems. The heat 
pumps were all located in unconditioned basements, along with 
some portion of the ductwork. Two of the houses studied had two 
heat pumps-one located in the attic and one located in the base
ment of each home. For this study, only the basement systems 
were monitored and had their ductwork sealed. Two of the 
houses in this study also had a small portion of their ductwork 
located in an unconditioned attic or crawl space. At the start of 
the study, airtightness tests were performed on each house. 
Results are shown in Table l in the form of equivalent leakage 
area (ELA) at 0.016 in. w.g. (4 Pa) (ASHRAE 1993). 

Monitoring Period 

The changes in energy consumption as a result of duct sealing 
were evaluated by monitoring the energy consumption of the 
entire HV AC system in each home for two months before the 
ducts were sealed and for one month after the ducts were sealed. 
Monitoring began in December 1994 and continued until May l, 
1995. The ducts were sealed in late February and early March. The 
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range-of a~~·'daily outdogr temperatures occurring before the 
ducts weri~eaJed .was .54~f.tt2?C) lo 6°.F (=.14°C) .. A.fter the 
ducts Wet~'seaJed the area exnerient.~f'il llVP.T"llP'P. nailv nJ.JtA/V;t : 

te~p;~iUre~;~g~g fro~ 6i °F (16°C) tdil;f( :6°c): i>urir;~' 
the tesi peii¥t resideiitS were.pennitted t? use night setbacwr···; 
desirect-bq_t,~ asked to operate theirthennostats-iirthe same·· 
wayeachdiiy~~- ___ .. -:::'l'. . . • :: :·: ·:.:~ __ :_ ·~:w • 

'to- . ·. . ··r t :• ' 

e·n-ergy consumption 
• . . _, it'in · , ·;.-:, :- ,<· , 

Once the energy consumption data were collected, they 
were corrected for weather, and the results from before and after 
the duct sealing were compafed. The"~ ttGilSe's w~ e'qfiijip&i 
w~th·P.O~b)\h~ta 19~~~ £9. measure,,t.he ~urreq~.._ ~·&n)>y.;the 
c~pre,.ssot"Si.~d the supp~rroentary electric ~H~, ~ .. weU ~-! 
s~1mi¥~ r~m air t~peratures. S,pn~d. Jf!lp~\tt;!!.9_P.r . 
mx~rrn,~fi!]·H;;ed in some,of the bouses,f!.S ,ij .bac~p,~ ~~~
loggers. ~ . . . .. : 1:;. . •• 

Di~nostie'Testirig _·Ji ·. ,_jr.. \i - ~: n rr· J,1'~~ "T 

:,· jA.~i ~P~ ofthis' knici)i, diagnosii~~~sis we;e·?~ifo'rih~d 'to 
measure the leakage of the ductwork before and after it was 
sealed. Two of the houses studied had ductwork in unheated 
attics and all five had ductwork in unheated basements. To deter
mine the illnount ofi~akag~ to the outside, the lUlconditioned 
spaces were opened to the outside and closed off from the rest of 
the house.~Titjs was·done by opening doors and windows to the 
outside and clbsing doors to the rest of the house. Using a blower 
door, the house was pressurjzed. A pressurization fan placed at 
the supply grille close.st to the heatpump was then used to pres~' 
suri7.e the ductwork to the same ptes~tire as the house. Duct pres~ 
sure was measured in the return duct at a location close to the heat 
p~p. Thi~·. tiiSt ·~as perfonned at various '.pressures between 
0.05"and O.iQ•·ifh w.g. (12.4 to 50 Pa). The results Were fit to ,a 
powci'Iaw'}ei'atioiiship, and the flow rate at 0.1 in. w.g.~(25 Pa) 
wis usaj,in calculating Jeakag~ areas. 

Theoretically, with the>·house;and.,ductwork at the same 
pressure, the flow provided by the pressurization fan. is entirely 
due to leakage to the ouiaMrs. However, itwa5 r6utiH aurhig \His 
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testiri~ lliat a iilgnificanfpre'ssure ~op· existg:aldffithelleri~~f 
the1Httct:. Fdtlexarnp!e; in tlie ·smM\C9fofthe'tiouses, pres~~' 
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were measured in the duct when the reference point was pres
surized to 0.1 in. w.g. (25 Pa). Therefore, leakage to the outdoors 
was overestimated for ductwork in the house located between;1 
the pressurization fan and tI!e referen,~ point and underesti-~ 

mated for ductwork in the house locatecj on the opposite side of 
the reference p0int. These imbalances 'in irt~house Jeakage on 
either side of the reference pressure point'rha~'l1ave slgnificantly 
impac.taj th~ 1e.sults ,ot:,this tes_t. AltJ10.uWl,. Jltffi-11rw.th®' ot:.~tit ! 
mating duct leakage works well in many geographical areas 
(Jump and Madera 1994; P.ahniter etal. 1994), a test method that 
pressurizes the ductwork using the air handler fan may be a better 
choice for Pennsylvania houses. Construction practices in Pehl'i
sylvania result in a large amount of.in~ho~e duct leakage, andt 
this leakage caused the significant pressur~ ·woll~JoJ.lg the duct., 

Also, as a part of the diagnostic t~~. co~bustion safety., 
tests were p~p;opn~~ in h9q~es ~.~.t h~dl :~~ aJ>pliance~: Since 
most of the Houses m the ~t'fltly were alJ elet:tn~, only two gas< 
applian~s w~re ~ncount<;red;, .Cb~gi.ng..tbe;duc.tJ~ak~.®.ar- " 
acteristics of a house may change the depress~til>n·!th~t :qip• 

occur in rooms that have gas appliances. The worSt depress~
ization that could occur was m~astirettUe-f0rt.tr).d aftt,r-me di.let~ 
retrgfit to e~ur~ that IJ.O housR_~ ~gul5h~}.~ft wit)l _ ~,JIB!f:J}.tial 
combustion,~ar~~: P~g~lem. .,, n. _,·· . ,1t; rrr . ·• 

n . ::~ l i .-;: ·· .Jd -) :· J / : ,_ .. -; ..., _ · .>~ i i·1-:; ,~ h.::)~·~ , t 

Duc.i~~ea~·fl~ j~~~r~fit ;:;, .. :;!] r ( Ll . .;'.' f.· ; >'T. 1_:· ' 

.· ,,;The·duct retr-ofitcopcentrated mi thr.eeimaintar-eas:.theheat 
pump; duct cmmectfons. and .the ductworkits~l:t: .f.e~· around , 
the removable panels:on theiheat.pwiip were· sealed by af)p.ly~; 
w~ers'ttjippling around tbe ;inside: .edgesl:.afi'the ·'Paneb~heet 

metal semis in the heatpUl!Dp wem. sealcid:with -OaUlk~nd>mmaln 
tape. Dtict connecticfusi we,re.found .. to. l:leramajor• soun:e.of duct!.1 
leakage~lln house I ~.,a :stippty: duct hafi;bi.eCome~idisp.mruroted: , 

where it passed-tlu:ough itpartiti<;mJruth.e basementan<l had W>·be' 
reattached: Connel'.tion~in all.cfthe: othet hou!les.appearedto. be 
in.goodshape.betv.;enm;till:folind tom&s.QUI'ces:.Of leakage,,Gaps .. 
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were sealed with caulk and taped over until no leakage wa5 . 'p'oidi will cause overestimation of leakage to the outside. The 
present. The ductwork itself was found to be in good condition. calcul!ited' leakage area will also depend on the location of the 
Only a few small hol-e-s,were found on the surface of the duct-- leaks i.nrelation to wh~e the duct pressure is measured. A leak 
work. Ducts that had ·~ei!f,lgj~~ts o~ nr,all studs'3s apallt of their lo9il(1i~d between tbtt.,W~,)~lWP fan and•tlie reference point 
construction we'.r~majQr~~~Jn-:JlliU14'. cases,., __ ,~nd:l.Q be over.QtimatedJ~e, while a leak located 
there was not a tighffit bet)veen the duct board iµid the wall or far downstream of the refer~~c;~ point will .be. \lllderestimated. 
ceiling. Gaps were fifMd in using ca~lk, and tape was ~pplied Therefore; energy consumption is likely to be .. a better indicator 
until the leakage-was ¢iiininated. . ..... ·- .. ·- of diiCt-;~~~lmg effect1veness.than 1eikage area.-·ffouse 4, with 

· ;; ·,. ·· only a 4.}]% improvement, did have a significattt portion of its 
RESULTS 

f' .. ~-' ' '. ,;,;CJ 

Determination. of Leakas#irea~ . 

-- - )eakagepF~g far from the-pressurization fan; which may be 
:why th~ measured reduction in.area was so low; 

i'.•!_,·: 

Leakage areas were deteniHrted based on the results of the 
diagnostic test tha!_ W~ ~!f om.!ed be~()~~ .~d afier the retrofit: . ·
Flow rates at various dµct pre~&ures were plotted and these data 
were fit to the power law relationship Q =CAP", where C and n 
are empirically determined-con~tants. Freitn this power lawrela:.. 
tiO~· :~; f1,~, ~ttt_ at Q. l .i}l. w.g,- (2~ ~a). w~ ~:YQ.~ed. 
L~~iµ-ea is.4~fioed as ~ij.ow ~ie div!<:le.d by.tlle v~!RP.it¥ 
oftheJ1o~: .m ~._:_·) , '· · " "-.• ~ ::.!-

A= Q/ V 
' ~ I• ' 

w.here: · .Jr,; 

A·1t?.:r. ,;:i:.equivalent leakage area, ., :.n ;r H·.s. ·1'-'· 1 

'='u . .. 
.1 • 

Q. i ~l ==~ flow rate, arid·' : ''• "" "':}.:· -· ;: ~.~,, ;: 
, -, :H:: · ·.;i.··· ·r: i'..' r :r ,;~~; j r:.:_·,~·:!r:.; ·,: ,· 

v . ,;;:)~9wx~p<:ityj .~:..c!·_,:~ .f~ . ·: . _ -'j,·1· 

Tue:vel~rty.aflfhtlrtloW!was cakulated using therelatfotr: · ._,;r• 
,.;.s·:y·r: i.~-:·~:~: . · --~,)~-;::~ -... •!.::· • :.r. ... "::.-.:_. ~ 

·: ;-.ru·- . vf1pd pY:l2gJ .·-'" 

w~re _,. 
!::.It:, :·;-=.: ·ld\ange.inpressure, .1 , , _.._._, ... :it .. 1.,,r· 

p UiJb d : d~IiSiey of air, ';"-, ·1· >:L\~ ·.'. ::. ·I• • . 

v ·~ !;'.''•= flo~ velooftY' and' ' ' - · :. rf !'•.c, ·,; • 

g 
1 
'".; = : w-av-~tjqn~l~,ons~t Q,',tY~. lb~:M_ tif,'. sJ): .~;: ::' .. ~, 

(J • "'.! .'. 
0 

- • .- "• • 1 - · . .i.4 .. ~ J J .. ·· II J ..,1 , . • 

All ,l~ge':areas' l§b~ethv~.e. calculatl!W:ira pre~me of !25 · 
Pa 1(0 :l• rin::w~~: u~:,:,;;.. ·~ - ·1 :.' ,' ' -. ;_::: 

Red:uctions· in:Leak.age·Area , ,.. 1~< !'~-:c :. :. 

'r iJ'f&alictiort'sih{ feal(agtdirea ln 'the fiv'e housffnmged frdm .. 
4.57% in house 4 to 93.45% in house l,\viieri a suiJply duct tlad 
become disconnected (Table 2). Neglectips; q~~Je .\i,tll~.ave,~~e 
reduction was only about 16%, although all visible f eakS were 
sealctd; Wh:i.Je .. infunnatron 11bontdeakage areas is informative 
beCllUS-e: it gives·a general ideaofh0w:effecti\'.ely;the ducts were :~ 

s~l~Re,peedSto be:eareful:about.making'mrect ebfnparisons , 1 

betwl!enhoos.eSt<'lliediagnostic teSt used inldetenniniI;i!rleakage 
afeBSi a.Sswnesithat;duct1press~ is qomtant along the ~uct (i;e;, .: 
that1there;are,no;fiiictional ·losses along the .ductw(!)rk). This test 
is stlllldani;prac!We~ h0wrcver;· fricti~n~I 'losses do exist along the 
do:dtwciwkJ ffihetefore, duct .leakiage •inside !tile house w.ill: impact 
the1 r.es\ilts: ·ofcthis-test.: For.re~ariiple~ · large·Jeaksdoeated rim.the . . 
house bet,w.eenr the:. pressurization fan; and the.'pressure.:referenpe 
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- -·. ~. :- .. _ .. ---· ... ----TABLE 2 

Redu.ction in Leakage ~rea·' 
.. -- -- ·--··-~ ~ -

:(iome 
Reduction in Leaka.g~ 1 ,. 

A~~a. ft2 (m2) · •• · · % Reduction 

House 1 0.157 (0.014) 93.45% ,. : _tJ ... ~ .1·. ··- ;~;66%~ .: House2 .' ~ 0.0379 (0.Q03t) •. r -
~Ell,J.~~J. 1 } _. .;J " ~ 0.034 (0.0037). ' r c ~ii'°t; -~i~ 1M8~.: : .•. t•:1 

li.truse'4 . , .. 
0.022 (0.0021) '":··;·it ,: '; . 41571'/el ;;) 'XT" 

I-ibMe:S ~: ' 0.126 (0.012) ' ' t ~ ·:\_J;~ 4'1'.~8o/J 
~ .:.. ~ - Jt .. _.' ' ; -l.'.J( .:; .n '3i,47% .. '· Average Reduction 0.095 (0.0088) 

Corrected A verage3 0.055 (0.0051) 15.97% 

; 

: 

., 
" ~ ;:1 .. in., 'L. l. 

a Corrected average does not include house 1. 
·~ .. ;.) : ; · · J J.~ · rr. ··· 

· ~ fi . D; · ·-··· "' .o. i.t. :; JJ'~ -_ I 

Analysis Rf ErW!.S»' q~nsumP,~Pn Data 

·~· '·Fi~~s i-1:hrouglr 5 show plotifothoases 1 tffi.o~i1f5 ottlie · 
total energy ~liStimp'tio;i of tbe heaipiunps for tiil€-ifay'perio<ls'' 
ploftetl ias1'1 fufiction of'tbe heating degree-days m' eicfi~nocE1 · 
S:itffilar pldts'not showtthere were conStruCted an~~et;.ttt'fatid ·tm'1 :. 

the other three houses. . .:-.1~: ~ · 

Traditionally, a heating degree-day is #li"fined as fAA ditjf~fr 
en~e J~~~~(~5°~J!lr9,M~~.1?~ a~~~~~ ,daily ~~~peraWfe. 

O "'-~~~~-T--~---.~~~~~"=-~,..,.._~~..,-,-,..,.--' 
o 20 40 60 i°'"''L SQ~ . ;.{f)· ... iot; J ~20 · 1•0~~!... ·100 

;; ·;:: :,1;\• _,J-«• 1.·· ::.cJgiwe.coays(53.degflie~)~el' _,[: ~-n ''." 

! ;·~··· :;; . . i...: n·.)!"'L'.~~l.li: ·· ·~1r1 '.1 ·,.-~ ··/· .. ~.J:·;b·· · :~:;_.1 ·.: 

Figur~,l-.; t!fQ{:'jfr tq,zergy, consumE[~9n. . ,, , . r 1 
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ing some data collected during unrelated tests. This balance 
temperature was used to compute heating degree-days for each 
house. The plot of energy consurnption versus heating degree
days is a straight line that passes through the origin. 

Linear regression was used to calculate the slope of the best 
fit line for before and after the duct retrofit. These best fit lines 

. are plotted in Figures I through 5 along with the data points used 
to calfu!ate them. Statistical analysis was used to predict whether 
any changes in energy consumption were truly significant, or if 
they could hav~.occurred by coincidence ifno retrofit had been 
performed. . ': 

~·~-.... 
J:n~r:gy CQnsJJmption .lr'hpact 

140 1 ~~ •. 
1 

.. ,, :J:.a.J:?le 3 shows the percent reduction in energy consurnption 
'' · ·· · · ' for e~ch of the five retrofitted hq.uses. Note that a negative reduc-

120 

Figure 5 House 5 energy consumption. ' <ttori represent$ an' increase in en~rgf 'consumption. Significant 

However, this definition is not valid for modem.houses. Newer 
homes have more appliances, which increases internal heat 
generation, and more insulation, which cuts down on heat lost to 
the outdoors. As a result, their balance temperatures" (the ambient 
temperatures above which they do not require heating) wjll be 
lower than in older houses. Therefore, for this analysis the 'lrue 
balance temperature of each house was used ·tJistead of 65°F · · 
(18.3 °C). The balance point for each house was calculated using 
all available energy consumption data for these houses, includ-

results were realized in four of tl)e five houses. House I used 
considerably more energy after the duct-sealing project. 
However, a graph of the room temperature atthe thermostat indi
cates that the thermostat was turned up after the duct retrofit was 

Homeowner 
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Slopes ~ ~ - I. 
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... . installed. For this reason, the results from house I were left out 
; of the calculated average savings .. 

Annual Savings 

· Based on the energy savings predicted by this study, an esti
mated yearly savings was calculated. Since the degree-day base 

Heating Degree-Days for Pittsburgh, Pa. 

y = o.0112x3·0644
· 

R2 = 0.9982 

., 
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Degree-Day Base 

Annual Consumption 

.. ' (kWh) 

80 

Annual cost 
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. \ 

• · Degree-Days 
-TrendliQe 

Annual cost 
($.08/kWh) 
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•Corrected Average Savings does not include House 1 

Figure 6 Expected energy consumption and degree-days. · .·1 :\,h1 ;" 
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TABLE 3 
Savings Associated with the Duct Retrofit 

. 
Home % Savings ~. 

House I" -23.74% ., _.: . 

House2 9.99% 
~. 

House3 0.81% 

House4 27.34% 

House 5b 0.99% "" 
•l:.1) 

Corrected Average Savings 9.44% 
,. :F. I '1 ·;~~,>~ -

. 
-· - -

.rr 
f. " ... 

., 

of annual degree-days for any degree-day base could be 
obtained. The total number of annual degree-days for each house 
was calculated and used to pre9ict energy consumption before 
and after the ducts were sealed. The;:jotal cost of energy used for 
heating and the expected annuaf sa{ings associated with sealing 

-11Je ductwork was calculated·for electric utility rates of $0.06/ 
!(\Vb, and $0.08/'kWh. Figure . ~ shows the expected energy 
conswbP.~ipn and .degree-days for each house. Table 4 shows the 
expected atiliual savings in each house with utility rates of $0.06/ 
kWh and $0. 08tk Wh. Again, th'.tfrorrected average savings does 
not include house 1.· · · ·~· 

n 

Altel'nate Analysis Method a Due to a change in the thermostat setting m thfa 
house, these data are not included as a part of the cor-· 
rected average. 

: '='~ ... :. ) .3'(bC .-: ·.)·1 v·~ 

Because electric heat pump systems use both heat pumps 

b These changes were found to be statistically insignificant 

TABLE4 
Expected Annual Savings 

Associated with Duct Sealing 

Savings Savings :: 
Home ($0.06/k.Wh) ($0.0871\Wh)' .. ,, I 

House 1• $-102.34 $-136.45 
.. 

' 

House2 ~ . ~0.85 $54:47 ··- I\ 
House 3 $2.99 $3.98 

House4 $246.06 $328.07 

House 5 $7.35 $9.80 . 
" Corrected Average $74.31 $99-9~ .• ~ 

a Corrected average does not include house 1. 

and electric resistance heaters, they do not operate at constant 
effichmcy. In warmer weather, they usiially have higher efficien
cies than in coider weather. Since the weather was warmer after 
the duct sealing than before, an alternate method of analysis was 
used to correct for the effects of weather on the efficiency of the 
L -.-+:- - ,._.,..._ __ 
.&.1. .... u.11ou. .&e, ~ J ,;, .. ,.,, ... ,,. 

To account for weather changes, the heating load on the 
system was used to compare the energy use before and after the 
sealing of the ducts. The heating 10¥1 of the electric resislmlce 
heaters is equal to the power consumed. The heating load of the 
heat pump is equal to tl:ie power consumectmultipfied by the beat 
puffi.p, coefficient of performance (COP). Since the current 
drawn by the resistance heaters and ~e outdoor unit of the heat 
pump (the compressor and outdoor fan) were logged separately, 
it was possible to multiply the power consumption of the outdoor 
unit by the COP of the heat pump and obtain the heating load for 
each of the monitoring intervals. Figures 7 through 11 show plots 
ofheating load versus degree-days for houses 1 through 5 for the 

Home 

House la 

TABLE 5 
Confidence Levels Associated 

with Significance of Results 

Method 1: Method 2: 
Energy Consumption Heating Load 

, "" . , .,,c;aroe five-day intervals that were plotted using the original 
analytical method. Again, similar plots were made and evaluated 
for the remaining three houses. Linear regression was again used 
to calcu'llite.1the· b'est fit lines, anll'·the anticipated savings are 
swrunarized in Table 5. For this analysis, only the data for houses 
1 and 4 were found to be statisti~ally significant. 

98% 98% 

House2 95% not significant 

House 3b 80% not signiftc311t 

House4 98% 98% 

House 5b not significant not significant 

a This decrease is known to be due to a cl\~ge in the 
thermostat setting for this heat pump. 

. 
· -:-. t 

., 

'· 

b These changes were found to be statistically insignificant 
::~1 : .. , . ·· ~'? ;3 ~=· .~ ·· . 

varies from house to house, the number of aegr'ee"..days in a 
typical year was different for each house e'~en though tliey are 
located in the same city. ASHRAE degree-day data calcuJated 

/- .J • • .e;. ' . ,~ 

for Pittsburgh, Pennsylvania (chosen as the closest location 
with tabulated values available), at several different degree
day bases were fit to a power law relationship so that the number 
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Statistical Significance of Results 

1eo 

A statistical analysis was performed to determine if the 
.;;.v-hii;oi fii-,;;.:Hci,;;J uy Ll1i:s ::.iuuy wc1c iI uiy :si~1i.li~1111i ur ii U:u:y 
could have occurred purely by chance even if no retrofit had 
been done. To determine if the predicted best fit lines were 
significantly different from one a..1other, a two-sample t-test 
was used. The slope of each point was calculated, and the 
pomts from ata collecteo be ore ana after the duct sealing 
were compared. With a confidence level of 80% or better, 
significant decreases in energy consumption were found in 
three of the houses and a significant increase was found in 
house 1 due to a change in its thermostat setting. However, 
when heating load was considered, significant changes were 
found only in houses 1 and 4. Table 6 shows which houses 
experienced statistically significant changes for each of the 
two analytical methods used. Where significant changes 
occurred, the confidence level of the difference between the 
two sets of data is shown as a percentage. 

CONCLUSIONS AND RECOMMENDATIONS 

The ductwork in the houses studied was found to be leaky, 
and sealing the ducts significantly reduced leakage to uncon
ditioned spaces. However, the duct retrofit did not result in a 
significant energy savings in most of these houses. This may 
be partly because their basements are semiconditioned spaces 
used for some activities such as doing laundry. Under these 
circumstances, some heating of the basement due to duct leak
age is desirable. Also, stack effect causes air to move from the 
basement to the upper areas of the house, so most of the heat 
lost to the basement is eventually recovered. For this reason, 
a house with most of its ductwork located in the basement may 
see little energy savings even when extremely leaky ductwork 
is sealed. The results of other projects have also indicated that 
this is true (Blasnik and Ide_1995). 

One house in this study did benefit greatly from the duct 
retrofit. This house had a significant portion ofits sealed leak
age in the attic, indicating that, in this climate, leakage in attics 

8 

may cause a greater energy loss than leakage in basements. 

However, another house in this study also had ductwork 

located in the attic, and it did not realize a significant savings 

after the duct retrofit. These results indicate that duct sealing 

is not likely to result in worthwhile savings in many central 

Pennsylvania houses, especially if most of the ductwork is 

located in heated spaces or in basements. 

This study did not consider the energy impact of duct seal

ing during the summer air-conditioning season. Basements in 

Pennsylvania often remain cooi during the summer. Sealing of 

duct leakage that allows exchange of air between the basement 

and the rest of the house will cause an increase in the sensible 

cooling load. This could increase the peak cooling load in the 

summer months. 

The results of this study do not indicate that duct sealing 

will result in energy savings in Pennsylvania, as significant 
SaViTI!JS WP.rP. nnJv TP.~Jj7pfl in nnP nfthP hn11~ .. ~ urhpn hP<>~inn-- ~ - - - -- - -- ---- ----- - - ·· -- --- -- --... --o 

loads were considered. However, due to the small number of 

houses tested, this study should not rule out the possibility of 

energy savings as a result of duct sealing. More study may be 

m:eded to identify the types of houses that would benefit from 

duct seaiing in this ciimate. 
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