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Introduction 

In accordance with tlrn t part of the Danish energy research 

prograuune de CJ ling with heat s avings in existing buildings, a 

series of tests is being carried out at the Hygiejnisk lnstitut 

of A a rhus Uuiversi ty, in order to establish v;;rious sickness and 

health pa ra meters amongst the residents in dwellings modified for 

energy saving purposes, couqw red with residents of similar dwell­

ings which have not been modified. 

'rile testR, which wcro carried out by n -c ontr ol group under SUFUS­

!IY(I, set u, by the �iini11tcr of Energy, consi s te d  of a field in­

vesti1�r1 tion covering cli111:1tic hygiene and the record ing of infor-
"' 

mri lion iii 2 x 2'.J llomcH with or with out seoli 11g 111easures iu the 
form of changed windows nnd joi11t-senling. 

It is hoped that t.he results of the whole progranune will be nvnil­

nbl e in 1981. The fol lowing is a description of some of tile 

inte rim results obtained from the above-mentioned record iuG of 

tempera tu re and a ir-hwuidi ty di f fereuces, both indoor/ outdoor and 

indoor/indoor in the respective types of dwellin�s, d ur i ng the 

winter of 1979-80. 

ln practice some e11ergy sciving ueasures reduce both trans111ission 

and ventilation losses from rooms or buildings to the outside 

environment. ,\n example of this is the recent wide sprea d change­

over from single-glazed windows in wooden frames to double-glazed 

wind ows with pla stic frai 1es which has taken place in Denmark. 

Wi th these new wiudows there is a limited amount of heat conduc ­

tion through the window elements and a limited heat flow through 
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2. 

unsealed places around the window i frame 

Everything else being equal, internal pollution factors such a s:­

ba ckground emission of steam a �d gases, together with 

suspended clust. 

human emissions 

emission from various iudoor nctivities. 

will have an increased effect on the indoor cliwnte with the red­

uction of air rencwnl hy improved draught-proofing, while improved 
5 "'""' 

insulation will ha ve n -.Ret i11eanf'.jidef"4J'bd-e ef f e c t on the way poll-
ution factors affect the indoor climate. 

--------
the 1ioint of view of hygiene) � It From 

th.'"lt it is no t incre:iHccl insulation which gives c a use for concern, 

b1it incri�ascu drilught-jlroofing of dwel l i ngs with the consequent 

reduction in nir-rc11ewnl. In tile light of 11resent k nowl e d ge tliis 

cannot be c x c lucJ crl ris the c;:iusc of n signi�icnnt fJU<:1lity d et. erior­
:1Uo11 i11 the i11door cliw1te, possibly leading to ccrtai11 sick­

nef:i-.cs wllicl1 a1·e ei tllcr wl101 I y or partly caused liy tlie llo1uc 

cnvirorm1cnt. '1'!1us tile retluction of e nergy corrnumption for llc;_1 Ling; 
e..oJ"(.lv� 

houses by tigl1te11ing tile cli11rntic sef'eEf1, crin be cons ide red to 

c:iuse <1n i11cre;_isc in i11ten1<1l atmospheric pollution and ri deLcr­

iorntion i n the indoor clim;ite, both of wl lich are se ri ous problems··· 

/.i;i Leri a 1 s 

The tests were carried out on two groups of 25 dwe llings which 

�llAJJ t-,,'rW· 
were �d <lntl un se a led respectively, but otherwise identical. 

The dwellings w e r e  situated in a large r e sidential ar eri with 

the srnue type of houses, r"/Sl 1 ervangskva rter in �rl1Us, consis ting 

of J-� storey properties built be �w e cn 191�5-1950. 

With the aim of im1Jroving heat economy , sound-pro6fing and ma int­
euance qual iti es, the exist ing single -glazed wood en windows w ere 

���d in t he winier � 1978-79 for wide-framed plastic wi ndows 
with doubl e-Glazing. The plastic windows were set·in place with 

a plastic joint sealant. 1\t the present moment, this has only 
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been carried out in some of the bl dcks in the hl�llevan g are�,so 

that there are some residential blocks with single-glazing, and 

blocks with double-glazing in the sarne neighbourh ood . The test 

sample was chosen from these two types o f dwelling . 25 pai rs of 

dwellings were selected from infonna t ion given in a written appl­

ica t i on to tnke pn rt in the experiment. Each pair had to be 

matched accordin g to the following crileria: 

living density ( number of persons/m
2 

flat area ) 

age of tlie oldest resident . 

The t otal of 50 units were then divided i nto 5 groups according to 

the twormatch cri.teri<:1 ('rable 1) . The size of the flats varied 
2 

betweell 56-102w , containing from 2-4 rooms, kitchen entry lrn ll 

and b<1throom. The flats were 2.50m high and the volul""'I(. wo..> 

·s J �5-1G 10 • Al l the rooms except the entry hall were h�aled by 

r;1di< 1tors with heat. control by thern1ostats of tho ev op or,1ti on 

type. The �g tcm)lernture had either a c e ntra l nutoiuntic 

control or n 111;ir1unl c ontrol . 

l 10 Lliod 

)11 order to elir11inatc as much ns possible of tl1P. effect of exter-

11al vari�itions on the in tern <1 l climntic ollservntions, and in 

p;:irticulnr on the ability to compnre the living conditions, the 

practical measurements were carried out on ea ch pair of sealed 

;ind unsealed dwelling s inside the same 4 hour period, cnrrying 
out the first mea s urerneuts al t ernnte ly on the sealed ond tl1e un­

SL�<iled flnt. Each individual test had a v a riation of 1)�-2 hours 

nnd all the tests were done by tile san1e person. 

'I'he t es ts were carried out in 4 separate stages with visits and 

rueusurements in the 50 homes once every hour. At present, only 

the results for the second stage, 18/2-19/3 1980 are avail;oi:_,le. 

1�Jb, .. J4"UVJ 
At tile tim e of the visit the 1ttomel"lt,SJ:.¥ in tern a l air temperature 

and waler vapour content were measured in the bedroom and living 

room al 20 and 200cru above floor level. In the bedroom, a meas-

u re1:1ent was also taken of tile surface temperatures in the centre 
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of the wimlow surfac e , the in s i de of the o u tside wall and the 

dividing wal l in the bedroom. The surface temperatures giv en 

here are the me;-1n of J s�parat.e measure1J1ent.s. 

The outdoor tem]lcrature rJnd water vapour co nte nt of the air 

were 111oasured immetli;itcly rifler encli individual test. 

We were also able to obtain infonuation t!irough residents ' assoc­

iations concerning the energy cons umption of the 50 flats, d ivid ed 

into heat consumption and hot water consumption for the healing 
seasons 1977-78 and 1979-80, 

i\part from the readings described above, tlle results for the sec­

ond stage of which are given here, the following obse rva tions 

were made:-

air 

amount and type of rtust eusµendern i ndoor 1. assessment. of the 

2. '1nr.1pling of house dust from J localions in order to define 

tile concentration and r1un11tity of house dust mites 

J. setting up of a fungu s clish in order to deten:ine the riuant.ity 

of fu ngus spores in tl,e air by the sedL1entation method. 

4. collection of tlie Jus t from the residents' v;icuur;.i cleaner 

bag in o rd er to test for possible howe�based allergens. 
5. setting up of hygrometers arnl then10rnetcrs in bedroo1:1s for 

re ad ings over 7 consecutive days 

G. finally, a iicrsonal interview to establish the fauiiy's livif1b 

habits and their interpretation of the in t erna l climate. 

All readings in tlie bedroom were taken a f ter tile window hnd been 
clos ed for at least 15 minutes. 

11. esu l ts 

The r esults from the second stage deal with 2 � 24 flats, since 
2 of the 50 families were not at home at the t ime of the irn1uiry. 

The weather during the test period wns typical Danish winter 

weather, characterised by snow and frost. The outside temperature 

was -1 . 4 to 4.4
°

C with a llleau a:f 2.0
°

C. The corresponding outdoor 

wnter vapour content varied betweeu ��.2 to 4. Jg water vapour per 
kg dry air with n mean of J.Jg/kg. 

The indoor air tempera tu re in the b edroolll , given in tl1e form of 
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a me;:in of the two renclings ;:it 20cm and 200cw above the floor , 

was observed to he 19. 2
°

c and 18.o0c for sealed and unsealed 
flats respectively. 

0 The air temperature in the living room was 2 C higher than the 

bedroom, namely a mean of 21,5
°

c and 20.6
°

c for sealed and un­

sea led flats. Wilen the two dwellings are compared, the indoor 

air te111perature in the sealed dwelling is 1°c higher for both 

rooms observed. 'l'he d i  verge nee is significant with p< 0. 05 

(bedroom) and P< 0.02 {living room ) . 

The vertical temperature gradient w as measured as 2. J and 2.9
°

c 

in the bedroom and living room respect ively of the sea led flat, 

and 2.0 awl J.1°C for the unsealed flat. Thus there was no sub­

stantial difference in the te1;;perature gradients of the two flats. 

this is pro bably due to the fact that the renova tions which took 

place did not include outer wall insulation. 

Inside surface tempen1tures in the centre of single-glazeJ . 

windows were .'.5.2-12.8
°

c with <J mean value of 9.2
°

C and a stanctard 

devintio11 of 2.5°c. The corresponding values for double-glazing 

were 8.4-16.o0c with 8 meiln of 111.5 ! 1.0
°

c. 

'fhe difference of 5.J0t� in the mean surface te111peratures of 14.5 
Lllltl 9.2°C for the two types of window c orrespond s to an increase 

in the critical illdoor wa ter vapour content of J.5g/kg dry air 

or 201;� relative humidity at an int ernal temrierature of 21°c. 

If k -values of J.O and 7.0 W/m20c are a s sumed for double-glazing 

and single-glazing res1,ec ti vely at. a room temperature of 20
°

c, 

the expected surface temperatures for the two types of windows 

can be calculat ed as a function o-f the outside tem1·erature. As 

shown in r'ig. 1, the observed surface temperatures for single-
0 

glazed windows are on average J C lliglier tha n the expected temp-

eratures. The observed ternperoLures for double-glazing are o.5°c 
ldglier than the calculated values. This indicates tha t tbe 

simplifying assumptions on which the calculation is based <ire 

not com1>letely ap plicable in vractice. The level of the indoor 

water vapour content is deten;ined by tile wa ter vapour content 
/ 

of the incoming outs ide air together with t11e wa t er vapour pro-

duced by intern8l processes such ;is cleaniug, washing of food, 

clothes etc. combined under the designation, act.ual hurn:i.dity. 
The relative effect of actual humidity on the wot.er vapour content 
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of indoor air , as�;uming tile actu;:il humidity level to be const�nt, 

will be basicci l 1 y de,iendc11t on ventilation. The r:1or e air renewnl 

there is in a builuing, t!1c less will be the effect of a given 

a1:1ount of actuul llurniuity iirod u c tion on tile i1•rloor water v;_qiour 

conterit. Therefore, when evnluating tlle effect of ventilation 

ciL a given illcloor water va1wur content, it is less ·important 

to evalucltc the observed air humidity level than to nssess how 

the effect of actual humid ity on irnloor hurnitli Ly, expressed as 

the difference betweeu the iHdoor and ou tdo or vrnter vapour cont.:.. 

ent, varies with ventilation. 

Table 2 gives tile outdoor aud indoor alisolute air hurnidity readings 

iu the tedroom and the living room for both types of dwellings. 

'I'hc indoor water va1 1our contenL of tl1e air in seal!!d dwellings was 

IL4-8.1 g/kg in the bedroom and 4.7-8.14g/kg in t.he livin:;, room, 

wit,\i mean values of 6.5 ;:ind 6.8g/kg. The corresporn!ing; values 

for unrenov::ited dwell i11gs were 4. 5-7. Jg/kg in the bedroorn <rnd 

J.9-8.2g/kg in the living room with rucau values of 5.9 a1id 6.0 

g/kg. 

'l' h c re i s t he re f o re a c o n s i d e r a b 1 e d i f l e re n c e 1i e t w e e n t h e n b s o 1 u t e 

llumidiiy lcveJs of the irni:ividual dwellin[;s. lhis difference, 

cannot be ascribed to Lile v<iriations in tl1e water va!1our conter.L 

of i1;coming ou tsi de air, siuce no correlation could be cstablislled 

be twe en tile w;iter vapour conte11t of inside and outside air, 

r = 0.02 (n = 24) and r:::. 7 0.0::.! (n ==- 24) for the two r;roups oi 

uwellings. J,iensuriug error tloes not play <i very L:irge role either 
si11ce tile correlation coeffl cient between tile absolute values 

measured in the bedroom and living, room is r :::::.0.83 (n ==.24) and 

r :::=: 0.9J(n= 214) for unrenovated and sealed dwellin.gs respective­

ly, The wide va ria tion in the observations rnust be due mainly 
to variations in the living hnbits of the individual fa1iiilies, 
resulting in varin lions in tile actual hwnidi ty and its offect on 

air humidity. 

l•'ig. 2 shows a histogram of tl1e effecL of actual hlllilidity, ex­

pressed as the difference between the water vnpour conteut.s of 

t he inJoor nnd outdoor air for the 2 groups of dwellings. The 

mean actual humidity Vc1lue for livin{'. roor;1s in unrenovated dwell­

ings is 2.7g/kg comp a red witl1 J.5g/kg 1n the ren ovat e d dwellings. 

The difference is substa11tiaJ. (p < 0.02'). The actual'llumidity 

levels in tile renova ted Jwel lings corres;1oncied to an increase of 
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nbout JO% in th e effect of ac t ual hllliiidity on the in d oor water 

vapour content. -r:-e ef fect of a ctu a l humi d ity on th e water vapour 

content of indoor air is subst;rntially lliglier in the renovated 

dwellings. 

Tho corre spo nding actual hurnidi ty values for b edrooms were 2 • .  6 

a nd 3. 2g/kg for unrenova ted aud renovated dwellings, with the 

result that the contribution of actual humidity to the water 

vapour content of indoor air is incr ease d by 2J,� (p < 0.01) 

Fig. 3 shows the difference in th e heat cons,�ptioo of the sealed 

dwellings for the heating sea sons 1977-78 and 1979-80. On average 

the heat con s umption after replacing the windows was reduced by 

4 un i ts, corresponding to a reduction of 14,� (p < 0.01, 2 SEJ.i�)��) 

In order to ensure that this reduc tion is not due to increased 

energy awa renes s on the part of the reside nts , tile corresponding 

calculations were compared with the hot water con su.rupti on during 
the two seasons (F'ig. 14). In this case the reduction w<Js only 

6't., (2SE1l =.111•;;,). The cie?�ree day value for the 1977-78 season was 

2844. 4 compare cl wi th 2 988. G for 1979-80 

In the henting season of ·J 977-78 tllcre was no difference in the 

heat consL1111ption of tile unrenova ted and the secilcd dwelli11!�S. 

The aven1gc a1,,ount for !Jeati11g was 28 units (20 sealed flots) 

and 28 uniLs (21 unsealed flats ) . 

Discussion 

Some work hAs already been published (Bib. 2,4) on the relation-
'oltuJUf\ 

ship;\lamp-incluced and allergy illn esses aml indiscriminate red-

uction of air ch anges in dwell ings . nut the research results 

and the recommendations :for change s in bui ld ing speci fie a tions 
lrnve not really been put into practice. It sl!ou] d be noted that 

one of tile biggest prol..>le1ds i11 our research was the difficulty of 

finding unrenovated control flats in th e �rims area, and of find­

ing neighbouring control samples which had their single-glazed 

windows replaced by double-glazing in Oct-Nov 1980. 

As one would eXJ l c c t , present research has shown that when an un­

sealed poorly insulated f;1�acle clernent is rc;Jlnced by a sea led 

better insulated elen1ent, this brings about a genuine cl ima tic 

improvement wi tl1 respect to heating. It has been dern·onstratcd, 

not only that there is a c rit i ca l increase in the dewpoint 



tempera Lure on the inlcrn<1l window surf<ices, with a consequent 

reduction in the a1.1ount of condens<ition on the wind ows , but 

also thAt the inrloor air temperature is 1°c highe r in the scaled 

dwellings. However, the vertical temperature grndient is not 

changed by renovation, which must be due to a Irick of outer wall 

insnlntion and to the unsuitable central siting of the radiators. 

Present results have also confin1ed that the change of windows 

has led to a reduction .in heat consumption. In spite of the 
0 

f<ict that the indoor air tempera t ure was 1 C higher in the reno-

vated flats than in the unrcnovated, which in itself brings about 

an improvement "in the transmission loss ;:rnd consequently reduces 

the heat consumption by about 5·,� at the indoor/outdoor te1;1per-

n ture differences recorded here, tl1ere proved to be a reduction 

of 11,'fo in the energy consumption which could not be attributed 

entirely to increa sed energy awareness on the part of the resi­

denLs or to variations in the nurnber of degree days between the 

two heating seasons. hloreover, the figure of 14� sllould be con­

sidered as n minimum, since the registration of hent consumption 

by an eva vorn tion type of thennostat mea ns that vapour from the 

base m0terial of tile thennostatis also included in t ile percent­

age calculations together with any variour which is not caused 

by heating. .\ figure of approxim;:itely 20',; see:,1s to be more 

realisU.c in the circumstances. 

Some work (Mib.1) has already established that variations i'n 

the water content of indoor air in Danish homes has no direct 

influence on the lrnetl th of the residents. 

Ilowever, other work has estahlislied that the water conte nt of 

indoor air can have an ind ire ct effect on health. A Danish 

invcs tiga ti on (Di b. 2) i11 occord wi th several foreign investig­

ions on the sa111e s ubj ect , has d emonstra t ed clearly, that vari­

ations in the incidence of the most important of home-allergens, 

i. e . house dust mites, is a function of the water vapour content 

in indoor air. The more hWllid i ty, tile greater the number of 

house dust mites. 

,\mongst 701 children living in hollies defined by the author as 

"dry homes" on the basis of an objective environmental evaluation, 

5.6'/� su ffered from asthma, ns com)lared with 1J.5�� amongst 706. 

c hi l dren from 11darnp homes" . (Bib. J). 

This shows that a n  increased incidence of astlwa can be expected 
when there is a general increase in tl!e water vapour content of 
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indoor air due to the fact that a higher level of air humidity 

leads firstly to an increase in home-based allergens and secondly 

gives rr i' se to a substantial increase in allergies. 

The pre sent work has established an increase in the water vapour 

content of imloor �tir in renovated dwellings. Subsequent analyses 

must try to determ i ne to what extent this leads to ::in increased 

incidence of house dust mites and other allergens. provision<:il 

assessment ba s ed on e x is ting; work sl1ows that an increa se of 25-

Jo;; in the amount of <'!ctunl humidity in the Yr n ter VBJlOUr content. 

of indoor air must be considered very serious frou a hygienic­

allergol ogical Jioint of view. About 15<;; of the Dani swopul nt ­

ion have a hereditary tendency to devel op sensitivity,Aabout 

J-6�·� d evel op a t e nden cy , and this must be due to 

envi romnental factors. 

'fADLES 

Table 1 

Cross-section and standard deviaLion for the age of the research 

sample (oldest member of family) and living density (no. of 
2 

persons/w ) The figures are give11 for the whole sn m pl e together 

with details of ench of the 5 sa111plc groups. 

(X =.cross-section 1 SD -::=: stn nc.l a rd devia Lion) 

1. U n sea le d ( n =: 2'.:i) 2. Sealed (n -:::=. 25) 

J. Group 4. Age (yrs) 
2 5. Living density (no. o f p e rs ons/m ) 

Table 2. 

Absol ute humid ity, expressed as an average of measurement s 

carried out at  20cm cind 200cm above the floor in the bedroom 

arnl li viug roo1a, with the corresponding outdoor values for 

absolute htm1idity and tem perature for 25 pairs of homes, tabul­

ated for sealed aucl unsealed fluts. The readings we re taken in 

the period 18th Feb.-19th .Illar. 19BO. 

1. Pair of dwellings 

J. Living rooms 

2. Extern0l climnte 
4 .  l3edroo111s 
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5. Uns ealed 
7. Code no. 

Fig. 1 

FIGUllES 

10. 

6. Sealed 

8. 1lean 

Observed and calculated window surfnce ternperaLures for double 

glazing and single-glazing respectively. 

1. Internal te1111ien1turc wind ow surfrice 

2 .  Theoretical line 

4. Siugle-glazing 

Fig. 2 

J. Double-glazing 

A h istogrnm of tile difference in the amount of actual h umid ity 

(inrl oor water vopour contenL d educte d from external wnter vupbur 

content ) belweell µairs of dwellings compos ed of o :Jcolcd oml an 

unseoled flot. The wean � humidity level is o.Sg/kg higher 

in seol.ed homes cowp.1red with unsealed. (p <. 0.02, Wilcoxon 

mn Lch-p;Jf rs tt�st) 

1. g wn tor vn 11011r/kg dry :Li r 2. 2J puirs of dwell ingB 

J•' i r; • ;; 
Ilistogrnrn of Lhe dlffercnco in he11l consumptior1 heLweou t..hn two 

heating sensonH 1977-78 11nd ·1979-80 in 20 sonled dwellings, nll 
at 

of which were occupi ed ;it loaet from 1 1\ pril 1977. 

1. Thcrn1<1l uni tfl (77/78- 79/80) 2. 20 dwellings 

Sfill Stnmlan.I l�rror of tho J.lc;in signifies thnt tht'J true saving 

in the total a1:1ount, e::u:e+:U'4i' .... dh•!i! 'c l11•coe1:1 with 95�� probabi l­

ity will vary l:Jotween 11, � 10'.·� i..e. hetween 4-214',� in relation to 

the earlier consuI11p1..ion. 

Fig. 4 

Hi13togrnI11 of tllo <lifferonce in hot water consumption between tho 

two heating seasons 1977-78 anrl 1979-80 in 19 senled dwellings, 

all of which wero occupied ot l e ast from 1
8t 

April 1977 ( one 

re ading lost ) . The moan hot water consumption for 1977-80 was 1 

unit less than 1977-78 (p <0.05 Wi l coxon match-pairs rank test ) 

corresponding co a reduction of 6% (2 SEA:.:::. 14%} 

1. Hot water 11ni ts 2. 1 9 pwellings. 
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Fi�. (p. 10) should rcnd:-

Ilistogram of tl1e difJcre11cc in hent corisumption be1.,wee.ntlle two 

heating s<rnsons '1 'J77-78 e1nd 1979-�m in 2l> sealed dwellings, all 
of whicli were occupied nl le<:rnt frol!I 15t ,\ pril 1977. On nver<i;�c, 
the consunqition l\<IS L1 UTli ts l ess in 1979-80 than in 1977-78 

(p < 0.01, Wilcoxon match-priirs signed-rank test.) corresponding 

to a reduction of 14·;� (2 SUi ::::::..5��) in heat consumption. 

SEl.I Standard Error of the t!oan, signifying that the true saving 

in tile total arnoun t , witll 95% probability will vary between I 

14"!:. 10�;;, i.e. between l�-24% in relation to the earlier 

consumption. 

1. Thermal units (77/78- 79/80) 2. 20 dwellings 


