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AIII-'I'O.AIR IIDAT DXCITANGBIìS AND TIIE INDOOIì, ENVIRONMBNT

I'. VINE
Lawrence llerkeley Laboral,ory

Drrergy Änalysis Prograrn
llerkeley, California 947tO, US^

ln tlorlucl,ion

ln thc I'acifìc Norl,hwesl, in the t-.lnir,ed star,es, Ihe Northwesl, powcr I'launirrg('r'rrrreil,(the Corrncìl) has ¡ropose,l energy eftìciency sta.ndarrls for lie* cle"i.icallìi
heal,¡rl lrr¡uses in l,he region, and r,lle (iorrncil an,l ihe Bonneville I'owcr Ârlnriuis-
tr:ìtirnr (llP^) have been contlucl,ing a dcmonstraùion program (l,he lìesidenl,ial
Starrrlarrls l)cmonst,ration Program (RSDp)) to examine ihe'costs ìnd enercv 

"^r-ings russocìated wit,h brrilrling housòs [o llvels of high,:r encrgy eflìcienci"l¡.21.
ll¡c;rrs¡ l,lrrse .ew houses are expecr,erl r,r> sìgrrifiearriry rerrrrcË"air t.nt rg"'1itl-
rrrarily Ihrorrgh the rrse o[ r.iglìt-fiil,ing windowi anrl doãrs and the instnliÅì,ioìi ot
c.nl,inuous polyethylene air/vapor bairiers in the ceilings, walls, and floors of the
st,rrrctures), t,here is concern about t,he impact of t,hes'e'measríres on indoor airqrrality. ln expeetal,ion of pol,ential indoor'air problcms, all horrses built, to l,l¡ese
ncw sl,nn(larrls in l,he Ilsl)l' wrre er¡rri¡r¡rerl' wil,h a,ir-l,o-air hen.l, exchrrrgers
(^^, lx)srr l,lral, a.rr ¡rverall infìll,rar,iorr ral,e'(natural plus forcecl) of 0.6 a,ir c¡a,nges
¡x'r horrr (ach) eould be main[ained wir,houl,'sacrifìcing all of thL energy sarings of
the.energy-conserving measures..ln r,!r'r-s pa,per, we preient our findingîon Ihe cost,[ ÁÂllX, occupants' use o[ and satisfaótión with'r\ÁllX, and oecuf,ants' experi-
lnce wil,h l,he indoor envirolunent in l,heìr holnes.

r\ir-l.r¡;11¡ lrr:;rl, r;¡cl¡;¡¡¡¡5¡rs cân rìâ,vc a subsr,anl,irl anrounr, oI cnrl-usg e¡ergv |v
lrrch¡al,inB or precooling ineorrrirrg <ruttkror air to a l,ern¡reraLrrre closer l,o iiirloor
tr:nr.¡reraturcs and, at tho salne l,ir'e, z\ÂllX carr improìe ìlrrb<¡r aìr qrrnlil,.y b.y
llrrshirrg oul'..airl¡orne pollrrl,nrrl,s (:l). lrr l,he ll.sl)l', n.ll t,lrr: ÂÂllX i¡rsl,:rllcrl wr.¡r:
cr'rllr;tl vcttl,il¿rliott sysl,r:nts (rnl,lrrJr l,h;r.n wintlrtw rrrriIs) I.lr:tl, ç[],¿rr rr.¡t¡irr:¡l ¡xl.r,rr-
sivr.-..srr¡r¡rly nrrtl exhausl, rlucl,rvork. lluildcrs lln,l l,<¡ rrrer:1, cer:tairr rlcsigrr
s¡rr-'r;ifìcat,ions, all,hough solne flexil¡ility rva.s perrnil,t,ed. For exarnple. a. snecifiõ<l
vIlrtìlnl ion ra.te cor¡lrl be achicved wil,h nn ap¡rropria.l,ely sizo,l rrlrii,l.,,rrning.r,,-
tillrtrrtsly,.or by atr oversizcrl rlril, cyr:lerl ,tl uaiied wil,h ilrl o¡rr:r:rl,irr¡,r. ro,iirir.r.,l.()rr l,hr: oIher-ltattrl, a lrrrnrirlisl,at wa-s rcquirerl which forcer.l lìigh spcetl o¡reill,io¡
of Ihe ÂÂllX wlren con<litions of greater Lhan 6ovo relative 

'i"uii,lit,y 
å"cr,r¡.",1

rçil,hin the home.

The Cost o[ Âir-teÂir lleat, Ilxehangcrs

Nlosl, rt¡rìl,s wcrc g,on wil,ll sonlc russisl,;ulce froll
trr;rrrill:rr:l'rrrr:rs, h rs, i llecause [he brrilclers in tl¡clìSl)l'arrrl l,lreìr ors unfarniliar wìt,h ÂÂllX, t,he
crnl,rncl,'rs al,l,cn lrìtrg receivc<l collsidera.ltle Â,AllX
inlolnr:rl,ir¡rr. Âll r:rirJ ve lor insl,rllirrg l,he AÂllX



(approxinrately $S0o (loaa dollars)) as parl, of a larger incentive calculated to
ieimburse the entire côst of the changes required by the proposed standards (4).
Âs part of their participat,ion in bhe RSDP, br¡ilders agreed [o monitor and ealeu-

;r¡r¡rr,rxirrr;rl,r:ly l,lrr: ÂÂl lX's zt<:l,rl;rl trrsl,.

I'he mcclian incremenl,al cost lor installing air-l,oair heat exchangers under the
RSDP rva.s $lzo8. ]'his cost was in 1984 dollars, included labor and ma[erials
(e-g-, the ÂÂllX anrl rlrrcl, costs), brrt exclrrrlc<l hrrilrler overhead, fees, and profìt,
arrrt was ll¿sed ol¡ a satrr¡rl,: size of 366 lrortsr.s. 'l'he nle:tn incremenl,al et¡sl, w:us

$l:rtl8 *ith a sl,andarrl deviation ol $557, and t,he incremental costs ranged frotn
$o li.e.. no addilionnl cosLs were incurred in installins, the Âv\]D( because in some
.^tà it. was alrr:ar.ly ìn the lrrrilder's currenl, pracl,iec) t,t $ll8rl.

llcr:ausr: rrore rlucl,work a.lr,l I lX rlrlil,s rtrr: cx¡rccl,cd with la.r'gr:r

houses, rve expecl,ecl greal,er Â wil,h g,reater house size' ln addi-
tion, we expeet ühe iela[ionsl area anrl A.ÂI[X cost Ùo be non-
linear because l,l¡ere is a fixed ,h t,he ÂAllX and increasing eosl,s

for drtcts irs l,lle llrrrrsc gr:l,s largr:r. Âs showlt in l;'ig. l, thc corrclal,ir¡lt lrcl,wetrlt

ÂÂllX cr¡sl, anrl flrxrr art:;r is sl,atisl,ically sigrrifìczrrrL (rrt l,he O.().'r lr:vel) antl ¡rosi-
tive, brrt, rrol, verv st,rorrg (pearson correlat,i<rn (r) : O.rl).
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Fig. 2. Corrrp;rris<>n of pcr rrrriù <nst t¡f ÂÂllX wil,h horrse area.
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Occu¡rant, llxperience wit,h Âir-1,<>Âir I lr:al, llxeharrgers

a rnail qtrestionnaire to :rll occttpattts pnrtici¡ralilrg irr the
nati<¡n on a.number of ¡rrojecl-relaterl issttes, irlelrrtlirrg l,he

air-l,o-air heal, excha.ngers an<l the occtlrretlce oI intlo<¡r
s" (e.g., mold/ mildew, òondens;rl,ion, humidity, and odors)

(5).

'l'Ie oporatio¡ of ¿¡t AÀllX is hig,hly rle¡rentlenl, ()n l)t'ol)er cilte ¡.¡rrl ttra.ittl,ellttrce
try occuparrl,s. For exarn¡rle, if rlirsl, nntl p:rrticulntm ¡rlug, lill,ers arrrl secl,ions of
üúe core'of l,he AÂ.llX, aìrflow rates will be rcdrrce<l and l,he elleet,iveness of the

Fig. l. Cornparisort o[ cost ol¡ 
^^llX 

with house area.
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fn l,lre llsl)lt sattt¡tlr', 
^l'l)r()xillìtì.1(:ly 

l\gí ol l'lte s;lttl¡rlr:.fr:ll' l'hnl e

i,i,iry, Ztl'li' slig,lrl,ly ru,irl', ,,,,,1 2o(.'(, ¡lid rrrl' Ihirrk l'lt;rl' l'ltrry wr:rt:. l'
si"rìilrrl.u, nlrrrit ti'l(, r,1'lirt's:rtrr¡,lr: felI l,¡¡t' [¡r't. rvt'rr rttt¡rle:r's:t'rtt' rl rl

l,t th" À.,\ll\ $hilc'¡rrol,her 29('á ex¡reriert<'r:tl <lra[l,s l,hat thry cl¿rittter â

.iir.>r rlisco.rf'r1,. Â sltrrr.ll ¡rr:rcettl,nge (0. l9ó) fclt t¡e rlra'fls l'o 5e ral' ['
uvl 5ltÌ,(, r1¡ ¡rcrir:ttctrl lro rll:rIl,s rl, ¡ll.

Âir-[o-air heat exchangers âre a relal,ively new t,echnology, and, therefore, lhere ìs
very liCl,le information available on l,he reliability and life expecl,ancy of ûhis l,ype
of equipment. In our süudy, we found a small percenl,age (6Vo) oÍ l,he ÂAIIX had
broken down. Of these households, aboul 27Vo were diflicull, l,o repair, l87o ba<l
noù been repaired at the l,ime o[ the survey, ancl 55Vo were found to be easy to
repair.
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Âs a final nol,e, we eonstrucl,ed a variable which mca.sure<l whether people who
ownc<l ÂÂllX hnrl problerns with unplea^snnû rlraf[s, rc¡rairs, or c()to freczitrg, attrl
we lr-¡untl l"ltnL ltÙVo of ÂÂllX owners hirr-l cx¡rcricrrcr:rl ¿rt lerust, otte of l,ltese ¡rrolr
lems.

'l'hc lntl<xrr lltrviron ntcnl,

Mosl, air-qrrality ¡lrobletns in lrouses catr be Lrace<l l,o high pollrrta.nt sr¡t¡¡1'¡¡;,

ral,her l,han low infìll,rati<¡n ral,es. llowever, by cottstrttcl,ittg well insrrlal,ed ltottses
and re<lucing t he inlìltral,ion o[ oul,side air, problerrrs wil,h the qrralil,y <>[ [he
indoor air may be nrore severe ¿nc| more freqrtettt (3,7,8). For insl,ance, hrrrrti<lit,y
can rise l,o uncolnfort,able levels because of tnoisl,ttre general,ed intloors fro¡n occtt-

tightly sealed homes.

tn<l 6Vo by ratlinnù hezrl,.

liel l,halt lf)78 :rrrrl wc;rl,hr:l'izr:rl l,<l a,¡r¡rroxirrurl,r:ly cttrrtttl, consl,tttcl,io¡t sl,¡t¡rtl;rrrls.
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ln the.survey quest,ionnaire, we asked all occupanl,s about the presence o[
nilderv/rnold, condensat,ion, humidity, and odors in their home, and wì compared
the ts-o groups using statist,ical l,ests at a 0.O5 significance level.

ant di reporting
in th oup, com-

ii:;i' lti'in*"ð
ngcr I For those

rr:porl,ing probl of lhe rnildew problem (bath-
room, kil,ch.en, areas) and lound staùisùically
significanl, dille the Côntrol sample, most mil-
derv problems kit,chen; Itor the MCS sample,
most lnilrlerv p Srrr¡rrisingly, lro one in eitlrer
sarnple rc¡rorl,erl nrilrlr:w l,o be a ¡rroblcrn in l,he bal,hrrxrrrr, although condensation
(see belorv) was a nrajor problem in l,his room.

Âpproximately 607o ol both samples expericnced some kind of condensation. Âs
ahove, f<>r l,hosc rcporl,ing ¡rroblerns, we irrr¡rrircrl al¡out t,lrr: loc¿rtion of the c<lnrlcn-
satiorr (bathroonr, kil,chcrr, betlrrxrr ri<lilìer,
aror¡nrl hcal, exchanger, <tr oLlrer ar to l¡e a
problem cited the ba[hroorn as a rienced
significanl,ly more condensal,ion in 7Vo o1
l,he MCS grottp ex¡rerit:nced conrlcnsatìon arorrnd l,he air-l,c¡air heat exehanger. ln
cotrneel,ing, con(lcnsal,ion l,<> events in ùlle holne (e.g., showering, cooking, sleeping,
arrrl wrshing clot,hes), all reportr:d corrrlens:rl,ir¡n wllcrr showerilrg, brrl, n() one
reported con<lensal,ion while ctxrking. Âll,horrgh l,here was no statistically
significanl, dillerence in ùhe reporting of bedroom conclensation, there was a

rence in ensal,ion when
of the of the Conl,rol

ltificanl, he l,wo grou¡rs
p did re ms when l,he a

l9

significanùly al[ecl, indoor qualiùy in energy-clficient homes. I lowever, tnnny
import,ant aspecbs of indoor air quality are not perceptual: for example, radon
concent,ral,ions are not not,ieeable until they have allecl,ed one's physieal heall,h.
Thus, an analysis o[ indc¡or air quality measuremenl,s by ol,her invesl,igalors may
give us e more definil,ive answer on the eflecl,iveness of ÂÂlIXs in prevenüing
problems in l,he indoor environment, (9,1O).

Oonelrrsions

ri'ere no statisl,ically signifìcant difTerences. ln surrr, the MCS group appeared ùo
be consistently bel,ter ofT in [he kiUchen tharr ùheir corrrrùer¡rarts: less mildew, con-
rlensal,ion, allrl sl,rrffi ness.

\\/e compare<l high ÂÂ.ltX rrsers (operal,e l,heir heat exr:hangers 5 or more hours
perlda]') witlt lorv ÂÂllX uscrs (leis t,han 5 horrrs ¡rer rlay, oi neunr use l,heir heal,
exchangers) anrl fou¡rcl r¡o diflerences in perceiverl. problerns with l,he indoor
environment bel,ween ùhe l,wo groups. 'l'his fincling rvas srrrprising because we
r:x¡recterl lnore inrl<xrr environment ¡rroblems in ùlrr¡se horrseholrls with rc<iuced
ventilnl,ir¡n. Oorrse<¡rrcrrl,ly, usrge of air-tr>air lrr:al, exclrang,ers tnay nol,

.¡\ir-teair heab exehangers, â mâjor new housing construc[ion technology, rvere
installed in homes as parl, of a demonstration program in t¡e
Pacific Nort incremcntal cosl, of ÂÂllX wa. $1268 ($7.42/-¡.'),
nnrl il, w¿s sr¡rrare rrcl,er) to insl,all this eqrri¡rrrertl, itt l:rrger
houses l,han r\ÂilX use wâs very birnodal: 42oz/o ttse<l it for l-4
hours per day and 3oVo æed it for more than 18 hours per dry (\Vo never used
the ÂÂIÐ(). While most occupanl,s did nol, notice problems with l,heir A,AJL\'
some llouseholds did experience problems related l,o noise, ttnpleasant rlrafts, eon-
rJensal,iolr a.rounrl the 

^^llX, 
anrl errre freezirtg. While orrly it, slrt:tll ¡retcettl,age of

ÂÂllX harl brokcrr tlown, fuùrrre ÂÂllX pnrblt:rrrs nrry bcc()nrc tttore sig,ltilicitttl, :t.s

t,he progratn c<¡ntinues ¿nrl as hot¡seltol<ls ch<x¡se not to elean lìll,ers nrr<l reprlir'

^ 
ttx.

Occu¡ranl,s of ertergy-ellìcielrt, homes were fotttrtl to hnve less ¡rrobletns wil,h t,lteir
irr<loor environlrcnt (cspec¡ally nriltlerv/rnoltl ¿ur<l eorrrletrsa.l,iott) l,lttrtt n grotrp of
conl,rol lrornos. 'l'he laek of va¡ror barriers arrrl ÂÂllX irr t,ho conl,rol ltont¡s trtrv
accounl, lor l,hesc dillcrences (or dif[erences in winrlow-l,y¡re utrl t,ltc ntltottnt of
insulal,ion), an(l futurc investigations will help nnswer this t¡rtrslion.

t,hese savings are highly rlcpenclent on l,he qunliùy r>f sysl,etn rlcsigtt :rtttl ilrstnllt-
t,ion as wcll ?Ls on t,hc aece¡rt:rnt:e of l,hese sysl,ctns by the hotrreowttcr- While t,he
hrl,ure o[ ¡rir-tr>air hcat, excltangt:ts itr l,hc I'ar:ific Norl,hwt:sl, is ttltccrt,:ritr (tlrre trr
its high cosl, anrl op¡rosil,iorr by the brrilrling rrrlrrrrrrrrril.y), wr: irrLenrl l,o t'r¡nl,intrc lo
exârninc l,he r¡sc of ÂÂ.llX in l,his area arrrl rclnl,ed ¡rroblettts rvil,h l,he irr<lurr
envirolrmenl,.

Âck now ledgernen l,s

'l'his work was su¡rport,ed by t,he ûonnevillc l'ower ÂtlrrritlisIration ott Contracl,
No. DD-Â170-84tìt'20521 t,hrough the U.S. l)eparIrnorrl, of lÌnerg,y rrnrler (,'ont,ract

No. l)D-ÂC03-71ìSF(XX)08. 'f'he aul,hor worrld like [o t,hank l,hc follorving peo¡rle
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'l - Introrìuction

In Hungary, a¡rd all over Europe, ntost of the residential buiìdirtgs havt
natural ventilation, that is largely influenced by the air-tightness ot
the building, the weather, architectural features of the building a;td
aerodynanrical character of the environnlent. Two separate rescarch pt'o-
jects have been carried out to size rrp these effects.'l'l¡¡' p¡'inr.rt'y Iar¡,'
of the first project was to conrpile a wind pressure coefficient /C[' va
lues/ data bank especially for filtration a¡rd natural ventilatiort calcr;
Iations. The wind being one driving force of natural ventilation h¿rs a.ll

inrporta:rt role in the ventilation flow rates. Wind lorces are ttsrrally
presented in fornr of pressure coefficlents /CF/ whele tlte nre¿ut prcssrrr'()
at any external point of the buililing envelope is nornalised by the re-
ference dynanrlc pressure, in our case that neasured at the eave height
the building. Pressure coefficient differences between the wintlward and
leeward surfaces are charactertstic to the actlng wltltì l-orces. 'l'hls fir'
proJect gave orr opportunity bo ¿uralyse the effect of ettvlt'ottnprrl;al fac-
tors on prcs!ìrrre coefflcienl;s.
the second project was a ca^se study where the above factors were ,ltaly:;
by a sinrpÌe single-celì ventilation ¿url fiìtral;ion sinlrrlatiotr frofir;ür.
llere noL orrly Lhe environnnntal facLors bul ¿u'clri l:er:lru'al f'c;tltrl'cs rrl' :r

tual buildirrgs were also considered, ;rnd scasorlal valt¡es of vetttil;rtiotr
heat denø¡ld were calculated.

2- Ârralyl;ls of wirrd fìrcssurc t:ocI l'icir:nls f'ot'
lil lr¿rLiorr c¿tl cu-t¿rLiotrl;

Sinruì.ating I üypes oI atnospheric boundary layers (l¡jE.'1.) in llre wirrl
tunnel of the É;ì'T, /t ty¡res of block buildìrr¿¡s, caclr in /t , (¡,'utrì l(l sl,or'¡
versions, were exposed to the winrl ìn -ì expostrt'c sittratiorr (li'i¡¡.1).).
Overall analysis ol tlr¿l ln;rstlred ¡rrcssttrc cocf'f it:ictll.rr lt';rl l,r llrr' l'e-
sults bhat are roughly sketched on l¡ipç.1. For aIl builrling typcs, Ìreighi
upwind terrain types. fìegarding the difference between presslrre coe[fi-
cients on the winclward side (CP1) ¿r¡rd on the leewarcì surfaces 1ç¡';r) tht:
environnpntal a¡rl shelter effecLs arc illusÙralerì in Tablc l. willt tlc¡ur
values anrl ranpçe linrit estinrates.

The exposure situations of Fig.2., Èhough arbitrary, still represcrtt
llun¿Sarian tra¡li Lional rurd rtew setl:ìcnents, :urd no sigrti ljeartl: v¡l'i,rl ion
olf the above values was lound if Lhe Lested 2'ìl spacirrg between lltc
sheltering and exposed buildings decreased to H.


