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DISIEIBUTION OF ENERGY O9NSIJ'TPÎtrON

FIET,D MEA$UflNHENT IN 11 -ôTTACHED DWELIINOS 9P THE SA'IE

T, Hat¡*Êrù
SII{fgF Divi,sion of Arch[t*ôtr¿pp nnd Bll,i,Idtng lcchfiolpgy

Trcndtcim, No¡rty

I.p-tr_oS,uJLt;t_g!

Measure¡qents af the distrrþutian Çf enÊtrgy jconsL¡rnpIton i.n build-
i.ngs made in Trondhetrn 1976-80 indi.catpd Èl¡at the measured heatloss façtor rE consideraþly less tfian thc faCtor calcUldted
accordi.ng to the tqorwegien SEandard for heat loss cal.culations,
N€3031. In order fo conf i.rrn these results we deefded to cârry outmeasurements 4Fd ca1çuletiOnS of energy cpnsumption in fi de-
tached clwel ling$ of eguai desi.gn in order to have a bettor Bta-lis+ical na*eriaJ. The çonclusi-ons tn this pðpof arç based onthese me,asurements t.ogether wi.th some other previous recults,

Pro.ì ec t deEcrtBtlon

Ëron the
ATQà.

Tù¡.e houEes

the 11 detached dweilinga are at random selected from a group of,66 nearly identical dwellings built 1980-81, si.tuated on a plain
165 melers above sea levei in Trondheim. They are all L Ll2 àtory
f iu¡þer fra.me hquses with a þasement made i-n concrete. The grounä
area i.s 60 ta2, and the living area L2o mz, The walls ahd roofgare i.nsulated wi.th 150 mm mineral wool quali.ty A, the floorbetr¡een ground level and basement with 2OO rñm. Thé ouLsi.de of the
house are covered with wooden boards, the inside are cove¡ed withplaster boards. The houses are ventilated by an extraçtor fan andadjustaþle vents in the upper wi-ndow f rame in each room*

The transmissic¡n heaf loss factor is calculated according t.o theNorwegian Standard (NS303ll (1), The average value is L49 L{lK.
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lixf)L.r tm(>nl a I scheme

r wtl rL-fltecl t-ach t'roust fttt-a peric¡det of 24 hours, from 12

I ? ¡.¡¡r. nt'Xt d.:f I .¡¡¡tl tn.lclr' t tìt' nlt'.lSul-('lnellt S W I tlì llo ¡lt'Oplc'
h<.)use. 'l'he ventil.¡tron was sct as lt wds ln ordinary use'

a. nr

lrì
to

t lre.

i The heat ing was rnade w i th e ìectr t c wa I I
control leo to a constant i ncloor ternPerat.ure
rooms .

heaters automaticlY
20" c, in all living

y use of tr,Jcer gas N2O
i n the af ternoon and i n

f electrtc¿l fans.

6 a.r¡. when the air-
stabi I to calculate

Hm (w/K).

r l'o¡ rhe data ()oì lections we use.d an automatic logge'r, LoKE (21,
ancl cìn oulcir¡o¡ wetlìerstat lon on the sl te. Ues'i des this we photo-
graped the bui ìcìings own kt,lh-meter each hour. These kWh-nìeters
are caltbrated to a max deviation of 2 t.

r The air (ìhâtì(JL'
(cirnttrogL'noxYct).
t he even I ng , and

Hm

rate wete medsurL'd b
Cas was gortioned out

rt was stirred bY use o

r lrJe used the period af ter midnight unti I
change rate and the power demand was rnost
the medsured transmission heat loss factor

ere'rlh

0
n

.,7
h

t) 0.33 n.V .lT
jr' h

flnergy consumPt ì on
Measured a i rchange
Heated Volume (mi)
Tr-Tu=Average
Perrod

9$,n (kvvh)tn peri
ra te (h

temperature di ff indoor ouLdoor (K)

r The air tigntness was checked seParately according
LesÈ (NS8200). V'te also examined the butlding with a

camera in order to find leaky points.

Parameters I nf luencrn the heat loss factor

tn fiel<l tneasurements several parameters wìlì affect the
whbrn we comp<trc wtth the sLandard for calculaLiort we must
saLe for some of these Parameters.

to the n50-
thermov i s ion

result.
compí)n-

Wl nd

The wind affects on a buildings heat loss in several ways:
- extend surface thermal resistance
- extend radiation towards clear sky
- air infi ltration in the insulation material
- air exchange in and out of the building
- rnterference with srmple venti lation systems

For a ti mber frame waI I insulated with 100 mm mineral wool,
changes i.n the outside surf ace resi.stance factor with no wind and
strong wlnd means a change in k-vaIue from 0.40 to 0.41 V^J/n2'K
(l). Éor a window with two layer of glass it means a change Ln

k-va I ue f ro n 2.7 to l. 2 þl / n2'K.

Dur|ng cold weather and clear sky, specially rn dark winternights

L---"df.E@rft.¡S.lhès. 
" ^ _ _ 
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the wi nd can decrease the heat transmission. Ahlander (4)
shown examples'of a,,redUction of l5t for a well insulated

has
wal I
w i.nd(k-value 0,.25 W/m2K) wt.tþ no winA cor¡páred with

durin.g clear sky conclition. : ' 10 m/s

Air circulation iLn mineral rvool is caused by wind and thermalforces. The effect depends on the insulation material,s porosity
(air resistivi ty), insulation faults and the quality of the
windbreaker. we have no methqds to calculate this effect, but wecan discover insulation faults and leaking point.s v¡ith a thermo-
vì ston camera¡

i.

rnf i ltnation is also caused by wi-nd and thermat forces. There
exisE seve,ral emprical má¡ematièal moder s f or 'calculating the in-
fi ltratlon quantit.y. we madð the measurements wi.th different
forced ventilation rate in the houses, and üe can therefore not
use thi s kind of model f or eur h'ou-3es. For'each house we have
measured the total (infiltraÉi,on + ìvéntilat'ion) aiicnange- rât..
The corrections for wind were done according to (noÈ matematical-
ly correct) a formula found for I house in Trondheim after seve-
ral measurements (21 . :--

I
lj:' j 

:

Sun

The measurements were made at
sunshine at 63 o N are mini.mum,
effect on.the fneasqçements.made

Therma I conducti vi ty

the. year when the
therefore have no

the time o'f
and it rwi Il

the Norwegian Standafd (¡\¡S303f) Sives,va,l.ues for À = thermal con-ductivity for dif ferent materials.'- The vatüe's'are based on labo-
ratory tests with a safety factor of about 10t:: Thb safety factor
shall conpensate variation in workmanship, etc.

dur i qg .the n i ght .
-J.

minerãl"wool calctilaLeö accbrding to theThe values for
foltmula r,r , fnl
i- '' .': - ' ;. , ..

Àn=(trto +

where À r o

I-

are
,-t

l'

thermal conductivi ty according
airpermability according to st

.9.p standard (w/n'K)
andård ( kgn,/t'¡s )

I

f,
Àkt - I itrLil. ao-ç-qm-e-¿t9_q;lly

I -)
the,,prgducer (W/n. K)
*- ''_r _é -" -.
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'¡ n I oad , and energy demand' .I 
t r{ú ll I I depend r-

mal storäge caP'i'c i tyr't'to el i mlrnh'te t'ñis w us

measuremena= ouJt' u-'lo"g per lodêi or'' we c'a ln

r:;;;;i iå'.nti"cal, hous"s .rn oTdu.'t to' n:t u 
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Heat I
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oss f ac tor noc orrections r"

The relationshiP between
m rss ron heat loss factor
valuei=lxiwhere

measured
s are cal

fi.i
Hm/J'lc i | _,t .i

j '.i .11. g r.S,holr/,èddifferenc'es arl

,..i ' t',
(Hm) and calculated (Hcl trans-
è"i"t.o as the ari tmetic mean

ðy,,ca'l cuIati ng ''fh'e s ta nda rdt
x

,:.1

'.' agt g hóuse,;"Uhi' dèvtçtion'-s,''='lO'f
',i t

rií

and the
devi ation

tlea

S 1/nI(x1 -x)

4
Jr rl' illj jr ::s tgåve a relatriorrshiP * rr 0.90 rwrlthj a standard

. 'fi l);
lil

rl

f actor w ith cor rect lons
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medium temPerat'qr-q ; l0
?üelationshiP 1= 0'91

: L.l

oc, and
with aAfter correcting the results to a
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Calculated heat
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Durring the project \^Ie observed' that, ,the basement 'tremPerature l¡'as

nearly constânt for each house and relativly similar for all the
houseè. This I¡¡as even the case- j,f the' outside tempe.rature varied
üó-t"'f S C during the 24 hours. The site I¡tas ín this period
càvered with isnow. Thi s made us ,reconsider our f irst calculation
of the transmissron heat loss faqtor based pn the standard met-
hod. This method cal l.s f or cai.culati on of the heat loss f rom the
"insrde,,livingroom through the basernent to outdpor environment.

We deci,ded instead to calçuIate the heat'loss factor from the
I rvi ng',roorn to the baseme,nt. In t,he basement, uil .meas.ured -Èhe
tempeiature. In this way we had a "corrected calculated heat loss
f actor" f or a buildinq- lvi th a I ight part in wo'od and a heavy
baseme,ntpart. This gave a realt,ionshi',p 1= 0.93 wi.th a standard

"i'' deviati.on s = 0.10.

Tab. I

House

) )-

Relationship' between measured and c.gÌculated transmission
heat lose, factor

,, ,

345 6 1 8 9 l0 11

Hm/ ltc 0.91 1.02 1.06 0.84 1.08 1.0 0 85 0.79 0.94

1

Air change rate and

'I jt: 
'

I

vent i l-a-kion
tl

The use of vent inlets in the upper frame of the window varied
r f rom r0, to .10 ouÈ,,Of total 15 v]enL iniets. The mechanical venti la-
tion wás used onÙy in 3 houses, in ocked or
ss¿itohed off by'the occupants¡ The oc. possible
themselves to s!.tritch,thè f an of f . Th anges in
temperature and wind made the air c ween 0'2
,and:0.7 ari..r chrang.es per. hour wiFh -anraverAge 0.45. Low temPera-
tuúe'.änd high,wiñ¿ råised !þe air change rate.

The,,,n50ptebt.., Çave an average,o-f ,3.9. This is just beI.ow the
Norw,eÇian IÌ,mitrof 4.0r, but,l.oWe¡:ÈhAn othþ5 tes.ts' done in .many
similar houses. Checking with thermovision camerâ showed no insu-
lation faults, good airti.ghtness by the windows but some weak
points between ihe walls -and roof . !,Je did not f ind any marked
thermal bridges.

l(

Conc Iusions

* The meast¡rements results for two of the houses q/ere not taken
into the average calculation because the outdoor climate changed
considerably during the measuring periode. Correcti-ng the results
for t houses to a standard outdoor temperature and windspeed the
average relationship between measured and calculated heat loss
factois Í = 0.93 witn a standard deviation s = 0.10.

t The variation bet$teen the houses are mainly caused by non-sta-
tionary conditions in the measuring period. The airchange mea-
surement can also differ wiÈh +- 10t, but Èhat will only explain
a little part of the variation. tlte don'È Èhink there are aly
great measurement faults, or influence of thermal bridges, humi-
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r The vþnti l¿tion. rate i¡¡-....simi lar dwellings v.aries consi,derably
',1epentiIrtq on the'<-rtteup.ìnts PersonàI habtLs'

'.1
r Other''ineasurenle'nt:s lnade in dif,ferent buildings
to thls case, have given a realtÍonship from 0'8
scale burldings, and'for a small:c'r test house (4

0.8,.i t,Je l¡el reVe the Low val.ues in the teSt' house
scaile-ef f eL-t. ,. ì I

* Thet'measü'rr'nients conf-i rm t,r,Ìdt the; Norwegian standard (NS30lL)

for caì.culation oi transmrssron heat ìosses is re'asorlabìy correct.
The practicaì -values (thermal conductance) given for mi neral
wooì in the standard have a "saft ty factor" of about l0t compared

'wrth'liaboratory ¡.r.¡ value,s-, (\,ro) tQ.compt'nsate for, variations in
workmanshlp L'tc. This seems I'eâsonab'lL-, ,lt ìt'ast for load calcu-
latìons, bùt may be to high for energy calculations'

rRe f'e re nce 5

NS30ll. Beregning av bygnrngers energi- o9 effektbehov ti.l
oppvarming. Enerqy and power demand for heatinq of buildìngs'
Cåìcuìation ruIes. 1In..,Nbr,'wê-'9iIIr.) ,-?,_,-u-!9.:.feh I98l.r OsIo. Nor9es
Byggs tandard i ser t ngsråd .
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SUMMARY

T. au n: Di stribution of ener
carr e ou Ë measuremen

In January f984 ree
arr exchange rate

c n m ri
SO

and total heaÈ loss in l1 detached dwellings. The task was to
find the relationShip between measured and calculated transmiS-
si-on heat loss factqrs baqed on standard Norwegian calcuLations
methods. For t houses the measurements were done under climatrc
stabi 1e condi ti ons. Correcti ng the results to a standard mean
temperature and an outdoor medium windspeed,the average reiation-
ship beth¡een measured and calcuJated heat lqss factors -x = 0.93
with a standard deviati,on s = 0.10. !{e believe that the devÌa-
ti,ons are caused by non-stationary conditions during some of the
Lestdays, but that these devi ations are equal i,zed i-n the averaqe
value. Airchange rate varied between U.2 and 0.7 airchanges/h
with an average vaìue 0.45. These measurements' together tâ,ith
several others, confirm that the Norv/egian Standard (NS3031¡ for
calculation of the transmission heat losses is reasonably correct.

RESUME

T. Haugen: Distributi.on de la consommation de I'energie. Au mois
de Janvier 1984, nous avons mesure le renouvellement d'air et la
perte de chaleur dans lL maisons identiques. NoÈre objectif était
de décider la relation exact entle une perte de chaleur de trans-
mission mesurée et une perte de chaleur de transmission thêo-
riquement calulêe d'après la méthode de calculation Standard
¡¡oy'véqienne. Dans 9 maisons, nous avons fait nos mesures dans des
conditions climatiquement stabìes. En corrigeant Ies résultats de
ces mesures a une température moyenne fixe et à une vite,sse
moyenne du vent a I'extérieur des maisons, nous avons trouvé la
relation moyenne suivante entre la perte de chaleur de transmis-
sion rnesuree et la perte de chaleeur de transmission calcuIée: *
= 0.93, avec une déviation fixr de s - 0.10. Nous croyons que
cette deviation est due a des conditions non stationnaires pen-
dant quelques jours de teste, mais rlue la valeur moyenne est
correcte tout de même. Lr \'èrìt r l¡t tr-rlì I v.rrii.t' t'tìtrt! [ì.] t't \ì.I
de changement drair/h. Ces nìesures, .ìves' bietr drauttes, atf l.rment
que le Standard Norvégien (NS30ll) comme nréthode de calculation
de perte de chaleur de transmission est relat.ivement correcte.

KURZFASSUNG

T. Hauqen: Verteilunq der Energie-verbrauch. Im Januar 1984 wur-
den Peldmessungen vom Luftaustausch und totale warneverlustfak-toren in 11 gleichen Einfamilienhãusern durchgeführt. Das zi.el
war das Verhãltnis zwischen gemessenen und theoretisch berechneten
Transmisions 9ùarmeverlustfaktoren festzustellen. Die Berechnungi.st nach den Norwegischen Normen durchgefuhrt. Bei 9 Hãuseren
sind die Messungen bei stabilen klimatischen Verhaltnissen durch-
gefuhrt. Die gemessenen h¡erÈe sind zu einer standardisierten
DurchschnitÈstemperatur und einer mittlerem windgeschwindigkeiÈjustiert. Das Verhãltnis zwischen gemessener und Eeoretische
berechneter Transmisionsvarmeverlust ist im Durchschnitt 1 = 0.93
mit einer Standardabweichung s = 0.10.'Man meint, dass der Unter-
schied von nicht stationäre Verhältnisse kommt, aber man kann den
DurchschniÈtsvert verwenden. Die VentÍlation wechselte zwischen
0.2 - 0.7 Luftwechslungen pro SÈunde, im Durchschnitt 0.45. Diese
und andere Messungen bestätigen dass díe Norwegische Normen
(NS3031) fur Berechnung des Transmisionswärmeverlustes gute Er-
gebnisse I iefert.


