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Introduc E ion

1o denonstraÈe Èhe effecÈivenese of energy reÈrofits, a eingle fauily
residence in St. Peul MN, originally constructed in 1957, sas reÈrofi! io
June 1983. Tso hundred mm of glass fiber inaulation yag added to Ehe
walls, 300 nn of cellulose insulaÈion was added to the ceiling, and 70 m
of exrruded polystyrene insulation eas added to the below-grade
foundation to a depth of 1.2 n, Triple pane windows, a contiguouely eealed
1.5 nn polyethylene vapor barrier, and an air to air heat exchanger vere
also added. These oodifications resulted in approxinacely 502 reducÈion
in ¿nnual heating consumption conpared to lhe aver¿ge consrnption uaed
during the prêVious three years, buE complaints of poor air quality rere
regisÈered by the occupants.

In this paperr an essesanent of Èhe resultant indoor air qualily is
reported. Also reported are additional modificåtions that have been oade
to the HVAC systen to iuprove the indoor air qualiry vithout cinpraisiog
the energy savings achieved through the energy retrofit.

AssessBent of Enercv Retrofit

Physical ch¿racterisÈics of the house end occupancy petterns of rhe
family were detemined by canpleÈion of a survey foru, a queetionnaire,
and a daily log. Zonal air exchange rates, including infiltratíon, and
concentrations of indoor contaoinants sere deEen¡ined by real-time neae-
urements düring a 42-hour period.

Existinc Conditione

The famiLy is cooprieed of a working faÈher and mother, three teen-
age children and one child of grade school age. The moÈher, father and two
of the teen-agers sûoke cigarettes. The youngeat child ig astl¡netic. Occu-
pancy ?srterod are eeldm routiDe åe the faÈher vorke daye, the aothea
corke eveninga, and lwo of the leen-agers'have graduated fræ high echool.
A sch€satic of the HVAG aysteo, es i! exisled after the eoeigy retEofit¡ P
ie ehosn in Fig. l. Itre central forced eir Bystea had I gas-fired furnace ^ (.¡and an electrically-driven refrigeraÈion systen gith ao eir-cooled conden-[)
oer rhich eas located near the ouldoor eir intake and erheust grillee. AnI -electronic air cleener had been previouely inetelled. The kitchen trrtgc- gl
Íar elêctric, but the range hood had been deacÈiv¡ted rhen th€ ceilíût "auS 
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insulated and the vapor barrier was installed. The vents frm the
gas-fired earer heater and clothes dryer were connected to the air-to-air
heat exchangerr as shovn, including a diversion danPer that alloued the
v¿nt from rhe clothes dryer to be directly coupled to the syslem reÈurn
air, The capacity of ¡he furnace had been reduced by deactivating one
burner, buc Èhe supply air flov ra!e sas maintained.
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Ehe outdgor air intakes. Peaks in parÈiculate ßeesurementB to more than
500 ug/n'appeered !o correlate wirh periods of relativçIy high smoking.
The average concenÈration during the test was lI3 ug/n-. To verify the
apparenÈ relationship rrith snoking, Particulate concentrations in ¡uo
ranges were exarnined: 0.3-0.4 and )3 um. As Èobacco smoke usually has an

upper size of l-2 m, larger particulates may have been relaÈed to vacuun
cleaning or oÈher activiÈies. Differences in the larger particulate size
were not detecÈed excepE for Èlro events. Measurements of radon decay præ
ducEs in rhe dor¡nstairs den indicated Èhat levels ¡¡ere less than 0.002 I{L.

Systen Modifications

Description of Modifications

Based on results of the air qualiEy assessûent, and comupter eioula-
tions of the systeß perfomance, nodifications, shown schematically in
Fíg.2, uere nade: l) replacement of Èhe air-air heat exchanger cith a

dilution control packake that provides adiabacic nixing of outdoor air and
return air for thermal and air quality control;2) redistribution of sup-
ply air to the downstairs bedrooms and den; 3) insEallaÈion of return air
grille and ducÈwork in the child's upstairs bedroom; 4) rePlacenent of
kiEchen range and deactivaÈed exhausÈ hood rrilh a uniÈ containing gaseoue

feedback control for exhâus! or recirculation Èhrough an electronic air
cleaner;5) relocarion of the outdoor air intake !o the oPPosite side of
the house fron the exhausÈ grillee to nininize self-contamination of lhe
ventilation air; and 6) revision of control straEegies Eo inprove
dehumidification in çinter by dilution and in sumer by refrigeration.

Control Stra tesies
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Fig. I. Schenatic of existing (before IAQ modificacions)

Air Qualiry Heesurenents

continuous EeasurÈments of CO", C0, NO", ¡tCHo, dry-buIb lemPere¡ure'
and relacive hwidity ucre obÈaineá in the lpsrairs kitchen, a downstairs
bedroon, and ouÈdoors. The tracer gas, CHr., uas also measured at these
locations. A nanifold uas construcÈed to drà'v rhe air sanples through ins-
truentation and discharge it back Èo the sanpling locations. Radon and
particulate neasurements uere obtained in the downstairs den' Measurements
Here obtained over a 42-hour period in July I984. Integrated samples of
NO, uere also made vich Palmes-Èube ryPe devices during a one week period
fotlouing the test. During the test, Èhe BVAC system was cycled by the
rooo thermostat. The electronic air cleaner was energized wiÈh the systen,
buÈ Èhe air-to-air heat exchanger ran continuously.

Results indicated tha! the air exchange rates in Ehe kitchen and bed-
room sere approximately 0.I4 and 0.24 ACH during the initial and laEter
parts of Èhe rest¡ respectively. This change uas found to correlare ueII
eith ueather conditions, as half-uay through Èhe test the sind became
gusty-and the direction shifted ¡bout I80 degrees' The kitchen temPerature
vas 5tC vamer and the relative huidity vas 201 loser than the downstairs
bedrooo¡ thus, enthalpiee in the tso zones rere nearly equaI. ConcenÈra-
tione of CO" in the tlto rooos indoors Yere not significanrly different,
but increaseä to about 1200 ppn during the firs¡ half of the test, as
oppoeed to 600 ppo during the lacter half. Theee concentraÈions also cor-
related gell gith the chaûge in vind pa!!erns. Differences betreen indoor
and outdoor concentratione of HCHO and NO, vere negligible during the
tesc; CO differences uere slso small nost -of the Èine, but epikes were
derected vhich appeared to correlate rriÈh Èhe parking of autonobilea near

To provide improved air quality wiÈh little or no inPact to the
annual energy consumption, Ehe control system has been nodified !o func-
tion in síx psychrometric regions, as shown in Fig. 3.
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Fig. 2. Schenatic of sys¡eD after IAQ nodificeÈions.
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3 uarE-ht[li d ouEdoor condiEions. I{her¡ the roæ air t@Pera-

ture ex s r6 t-s t age sumer set Po nÈ and the huniditY ia above

the sel Po int of the hunidistat, Èhe damPers in the dilution Package are

de-energized ( i.e. 
'

minimum outdoor air Provided), the refrigeracioo
syslem is energized, and air is suPPlied at low fan sPeed !o decrease lhe

sensible heaE raÈio for inproved dehtnidifíca¡ion and energy eff ic iency.
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and air is supplied aÈ high fan speed to
required for seosible and latent cooling

Re ion VI: hot outdoor condítions
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Re-evalua ! ion

llhen the rocm air temPeråEure

, Ehe daûpers renain de-eoergized
increase lhe seneible heat ratio

at summer design condiÈione.

excee

Fig.3. Psychrmetric regions for energy efficient IAQ control scråcgres'
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SIJMI,IARY

J,E. l,loods, B.C. Krafthefer, L.W. NeIson, and C.A. Lane: Assessmenr and

Paul, flinnesora, originally corìsÈrucced in 1957, was rerrofit in June,
ì.983. These modifications resulted in approximately 50 reducrion in annual
heating consumption cmpared ro the everege consumption used during the
previous three years. Houever, conplainrs of poor air qual iry were regis-
Èered by the occupants. MeåsuremenEs indicated Èhat total particuLates,
C0, COr, relat ive humidity, and temperalure were at levels of some con-
cern; ÑO", radon and fomaldehydÈ concentraÈions Here not significant. To
improve the indoor air quality uhile naintaining energy efficiency, addi-
tional nodifications to the HVAC systen have now been ¡nade. Results indi-
cåte rhâr acceprable environuental quality can be achieved with ninimal
rnPåct on enerSy consumPfron.

REStJME

J.E. Woods, B.C. Krefthefer, L.tJ. Nelson, and C.A. Lane: Evaluation et

I'énergie, une naison habirée par une familì.e seulement construite en
1957, e eté récro-adaptée in juin, I983. Ces modificaÈions ont eu comme
résrirac une diminutiãn d'environ 501 de la dSpeose annuelle pour chauf-
fage en comparison de la dépense moyenne pour Ies trois années précá-
dentes. Mais, les habitants se plainaient de la mauvaise qualité de I'air.
Des nesures onc indiqué que la ma¡ière en particule, CO, CO., ef Irhumi-
dité rótacive, one êté au niveau de souci; NO., radon et'fomåldéhyde
o'étaienc pas présents en concentraEions iuporcántes. Pour amdliorer La
qualité de I'air à Itintérieure de [a maison et, en nêne Èemps mainrenir
I'efficacité de l'énergie, des _ nodifications supplénenraires onE été
apportées au système HVAC. Les rêsultats indiquent q'une qualitd d'envir-
onnent admissible peut être accompli avec un effet mininun sur la consom-
na¡ ioo de l'énergie.

KURZFASSUNG

St. Paul, Hinnesota (Baujahr I957) mit solchen Massnahmen ausgestaÈteÈ.
Díese Massnahmen verursachten eine ca. 507-ige Heizenergieeinsparung, be-
zogen auf den Energieverbrauch in den drei Jahren davor. Jedoch beklagten
sich die Einsohner über mangelhafte Luftqualitat. Gemessene i,lerte für
Staub, CO, COr, reI. FeuchEigkeit und Tenperatur bezeugten diese Unbehag-
lichkeit, gål'rend die Konzentrationen für NO^, Fonnaldehyd und Radon
nomal ausfielen. Zur Verbesserung der Luftq¿uåIirät haben cir jetzE
r¿eitere Ãnderungen am Heiz- und LúfrungssysteE angebracht. Die Ergebnisse
zeigen, dass befriedigende Luftqualirät erreich curde, nit ninimalen Ein-
flues auf die Energiekosten.


