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Introduction

In accordance with that part of the Danish energy research
programme dealing with heat savings in existing buildings, a
series of tests is being carried out at the llygiejnisk Institut
of Aarhus University, in order to establish v:.irious sickness and
health parameters amongst the residents in dwellings modified for
energy saving purposes, compared with residents of similar dwell-

ings which have not heen modified.

The tests, which were carried out by a contrel group under SOFUS-
DY, set u, by the \Minister of Lnergy, consisted of a ficld in-
vestiﬂwtion covering climatic hygiene and the recording of infor-
motion in 2 x 25 homes with or without sealiﬂng measures in the

form of changed windows and joint-sealing.

It is hoped that the results of the whole programme will be avail-
able in 1981. The following is a description of some of the
interim results obtained from the above-mentioncd recording of
temperature and atr-humidity differences, both indoor/outdoor and
indoor/indoor in the respective types of dwellings, during the
winter of 1979-80.

In practice some eunergy saving iieasures reduce both transmission
and ventilation losses from rooms or buildings to the outside
environment. An example of this is the recent widespread change-
over from single-glazed windows in wooden frames to double-glazed
windows with plastic fraiies which has taken place in Ddnmark.
With these new windows there is a limited amount of heat conduc-

tion through the window elements and a limited heat flow through



unsealed places around the window & frame

Everything else belng equal, internal pollution factors such as:-
bachground emission of steam aund gases, together with
suspended dust,
human emissions

emlission from various indoor activities.

will have an incrcased ef{fect on the indoor cliwnate with the red-

uction of air rencwal by improved draught-proofing, while iwmproved

oma-

insulation will have a met—ineenslderable effect on the way poll-

ution factors affect the indoor climate.

~ : | e
i‘'rom the point of view of hygiene)a}ﬂollk hagAbecn suggested

Lhntzif“ié not incrensed insulation which gives cause for concern,
but increased draught-proofing of dwellings with the consequent
reduction in air-renewnl. In the light of present knowledge this
cannot be excluded as the cause of a significant quality deterior-
ation in the indoor climate, pogsibly leading to certain sick-
neg-es which are either wholly or partly caused by the howe
environment. Thus the reduction of energy consumption for heatling
houses by tightening the climatic ;@;ﬁ@ﬁ, can be congidered to
cause an incrense in internnl atmospheric pollution and o deter-

ioration in the indoor climnate, both of which are serious problems
Materials

The tests were carried out on two groups of 25 dwellings which
were ;ggkgg’ nd unsealed respectively, but otherwise identical.
The dwellings were situated in a large residential area with
the sawe type of houses, Lpgllervangskvarter in thus, conglsting

of 3-4 storey properties built beuween 1945-1950.

with the aim of improving heat economy, sound-prodfing and maint-
enance qualities, the existing single-glazed wooden windows were
cﬂzﬁg:%ed in the wiuter,:i*19?8-?9 for wide-framed plastic windows
with double-glazing. The plastic windows were sel in place with

a plastic joint sealant. At the present moment, this haos only



been carried out in some of the blocks in the Mgllevang area,so
that there are some residential blocks with single-glazing, and
blocks with double-glazing in the same neighbourhood. The test
sample was chosen from these two types of dwelling. 25 pairs of
dwellings were selected from information given in a written appl-
ication to take part in the experiment. Lach pair had to le

matched according to the following criteria:

living density (number of persons/m2 flat area)

age of the oldest resident,

The total of 50 units were then divided into 5 groups according to
the twormatch criteria (Table 1). The size of the flats varied
2

betwecn 56-102m~, containing from 2-4 rooms, kitchen entry hall
and bathroom., “The flats were 2.50m high and the volume wag
55—108m3. All the rooms except the entry hall were heated by
radicrtors with heat control by thermostate of the evaporation
type. The ¢ temperature had elther a central autowmatic

control or a manual control.
tiethod

Jn order to eliminate as much as jpjogsible of the effect ol exter-
nal variations on the internal climatic observations, and in
particular on the ability to compare the living conditions, the
practical measurements werec carried out on each pair of sealed
and unsealed dwellings inside the same 4 hour period, carrying
out the first measurements alternately on the sealed and the un-
scaled flat, Each individual test had a variation of 1'%-2 hours

and all the tests were done by the same person.

The tests were carried out in 4 separate stages with visits and

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

the results for the second stage, 18/2-19/3 1980 are availaile.
(nShantanesy s

At the time of the visit the wmomentary internal air temperature

and water vapour content were measured in the bedroom and living

room at 20 and 200cm above floor level, In the bedroom, a meas-

urewtent was also taken of the surface temperatures in the centre



of the window gurfacc, the inside of the outside wall and the
dividing wall in the bedroom. The surface temperatures given

here are the mean of 3 separatle measurements.

The outdoor temperature and water vapour content of the air

wvere moasured immedintely after ench individual test.

We were also able to obtain informaation through residents' assoc-
iations concerninyg the energy consumption of the 50 flats, divided

into hecat consumption and hot water consumvtion for the heating
seasons 1977-78 and 1979-80,

Apart from the readings described above, tilie results for the sec-

ond stage of which are given here, the following observa tions

were made: -

1. assessuent of the amount and type of dust suspendedin indoor
air

2. sonpling of house dust from 3 locations in order to define
the concentration and quantity of hcouse dust mites

)G éetting up of a fungus dish in order‘to deteruine the quantity
of fungus gpores 1in tlie air by the sediiientation method.

4, collection of the dust from the residents' vacuum cleaner
bag in order to test for possible howe+based allergens,

5. setting up of hygrometers and thermoweters in bedrooms for
readings over 7 consecutive days <

0. {inally, a personal interview to establish the famiiy's living

habits and their interpretation of the internal climate.

All readings in the bedroom were taken after the window had been

closed for at least 195 minutes.
Results

The results from the second stage deal with 2 . 24 flats, since

2 of the 50 families were not at home at the time of the inquiry.

The weather during the test period was typical Danish winter
weather, characterised by snow and frost. 7The outside temperature
was -1.4 to A.QOC with a mean af 2.000. The corresponding outdoor
water vapour content varied between 2.2 to 4.3g water vapour per

kg dry air with a mean of 3.3g/kg.

The indoor air temperature in the bedroom, given in the form of



a mean of the two readlngs at 20cm and 200cwm above the floor,
was observed to he 19.2°C and 18.0°C for sealed and unsealed

flats respectively.

The air tewperature in the living roow was 2°C higher than the
bedroom, namely a mean of 21.500 and 20.6°C for sealed and un-
sealed flats. \When the two dwcllingé are compared, the indoor
alr temperature in the sealed dwelling is 1% higher for both
rooms ohserved. ‘The divergence is significant with p<0.05
(bedroom) and p< 0.02 (living rooam).

The vertical tewperature gradient w as measured as 2.3 and 2.900
in the bedroom and living room respectively of the sealed flat,
and 2.0 and 3.1°C for the unsealed flat. Thus there was no sub-
stantial difference in the tenperature gradients of the two flats,
this is prohably due to the fact that the renova tions which took

place did not include outer wall insulation.

Inside surface temperatures in the centre of single-glazed

: o}
windows were 5.2-12.8 C with a mean value of 9.ZOC and a standard
deviation of 2.500. The corresponding values for double-glazing

were 8.4-16.0°C with a mean of 14,5 1 1.0%.

The difference of 5,3OU in the mean surface temperatures of 14.5
and 9.2°C for the two types of window corregponds to an increase
in the critical indoor water vapour content of 3.52/kg dry air

or 20% relative humidity at an internal temnerature of 21°C.

I1f k-values of 3.0 and 7.0 W/m2°C are assumed for double~glazing
and single~glazing res,;ectively at a room teuwperature of 2000,
the expected surface temperatures for the two types of windows
can be calculated as a function of the outside tem;erature. As
shown in Fig. 1, the observed surface temperatures for single-
glazed windows are on average JOC higher than the expected temp-
eratures. The observed temperatures for double-glazing are 0.500
higher than the calculated values. This indicates that the
simplifying assumptions on which the calculation is based are
not completely applicable in practice. The level of the indoor
water vapour content is determiined by the water vapour content
/of the incoming outside air together withh the water vapour pro-
duced by internal processes such as cleaning, washing of food,
clothes etc. combined under the designation, actual hﬁmidity.

The relative effect of actual humidity on the woter vapour content



of indoor air, assuming the actual humidity level to be constant,
will be basically de,endeut on ventilation. The rniore air renewal
there 1s in a building, the lecss will be the effect of a given
amount of actual humidity production on the indoor water vapour
content. Therefore, when evaluating the eflect of ventilation
at a gilven indoor water vapour content, it is less ~important

to evaluate the observed air humidity level than to "assess how
the effect of actual humidity on indoor humidity, expressed as
the diflference between the indoor and outdoor water vapour cont-

ent, varies with ventilation,

Table 2 gives the outdoor and indoor absolute air humidity readings

in the redroom and the living room for both types of dwellings.

The indoor water vapour content of the air in sealéd dwellings was
h.4-8.12/kg in the bedroom and 4.7-8.4g/ky in the living room,
with mean values of 6.5 and 6.8z/kgz. The corresponding values

for unrenovated dwellings were 4.5-7.3g/kg in the bedroom and
3.9-8.2g/kg in the living room with wmean values of 5.9 and 6.0

g/ ke.

There is therefore a considerable diflereunce between the absolute
humidity lecvels of the individual dwellings. lhis difference,
cannot be ascribed to the variations in the water vapour contert
of iuncoming outside air, since no correlation could be established
belween the water vapour content of inside &nd outside air,
r=0.02 (n =24) and r = < 0.02 (n = 24) for the two pgroups ol
dwelllngs. lieasuring error (does not play a very large role elther
gince the correlation coefficient between the absolute values
weasured in the bedroom and living room is r =0.83 (n -—=24) and
r =0.93(n= 24) for unrenovated and scaled dwellings respective-
ly, 'The wide variation in the obhservations must be due mainly

to variations in the living habits of the individual families,
resulting in variations in the actual humidity and its effect on

alr humidity.

Kig, 2 shows a histogram of tlie effect of actual humidity, ex-
pressed as the differeunce between tiie water vapour contents of
the indoor and outdoor air for the 2 groups of dwellings. The
mean actual humidity value for living rooms in unrenovated dwell-
ings is 2.7g/kg compared with 3.5z/kg in the renovated dwellings.
The difference 1is substantial (p < 0.02). The actual humidity

levels in tlie renova ted dwellings corresponded to an iricrease of



about 30% in the effect of actual huwidity on the indoor water
c—

vapour content., lhe effect of actual humidity on the water vapour

content of indoor ailr is substantially higher in the renovated

dwellings.

The corresponding actual humidity values for bedrooms were 2.6
and 3.2¢g/kg for unrenovated aud renovated dwellings, with the
result that the contribution of actual humidity to the water

vapour content of indoor air is increased by 23. (p<<0.01)

fig, 3 shows the difference in the heat consumption of the sealed

dwellings for the heating sfPasons 1977-78 and 1979-80. On average
the heat consumption aftcer replacing the windows was reduced by

4 units, corresponding to a reduction of 14,: (p < 0.01, 2 SEM=5%)
In order to ensure that this reduction 18 not due to increased
energy awareness on the part of the residents, the corresponding

calculations were compared with the hot water consumption during

the two seasons (Fig. 4). In this case the reduction was only
67 (2SEM =145,), The degree day value for the 1977~78 season was

2844 4 compared with 2988,.06 for 1979-80

In the heating season of 1977-78 there was no differernce in the
heat consumption of the unrenovated and the sealed dwellings.
The average amount for heating was 28 units (20 scaled flats)

and 28 units (21 unsealed flats).
Discussion

Some work has already been published (Bib. 2,4) on the relation-
ship%ﬁgxﬁ—induced and allergy illnesses and indiscriminate red-
uction of air changes 1n dwellings. DBut the research results

and the recommendations for changes in building specifications
have not really been put into practice. It should be noted that
one of the bilggest problems in our rescarch wasg the difficulty of
finding unrenovated control flats in the Rrhus area, and of {ind-

ing neighbouring control samples which had their single-glazed

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

As one would expect, present research has shown that when an un-
gealed poorly insulated fngade element is replaced by a sealed
hetter insulated elenment, this brings about a genulne climatic
improvement with respect to heating. It has been dewmonstrated,

not only that there is a critical increase in the dewpoint



temperature on the internal window surfaces, with a consequent
reduction in the amount of condensation on the windows, but

also that the indoor air tecmperature is 1°¢ higher in the scaled
dwellingis. However, the vertical temperature gradient is not
changed by renovation, which must be due to a lack of outer wall

insunlation and to the unsuitable central siting of the radiators.

Present results have also confirmied that the change of windows
has led to a reduction in heat consumption. In spite of the
fact that the indoor air temperature was 1OC higher in the reno-
vated flats than in the unrenovated, which in itself brings about
an improvement in the transmission doss and consequently reduces
the heat consumption by about 5, at the indoor/outdoor teruper-
ature differences recorded here, tlhere proved to be a reduction
of 14% 1in the energy consumption which could not be attributed
entirely to increased energy awareness on the part of the resi-
dents or to variations in the nuiaber of degree days Bbetween the
two heating seagons. Aoreover, the figure of 14% ghould be con-
sidered as a minimum, since the registration of heat consumption
by an evaporation type of thermostat means that vapour from the
base material of the thermostatis also included in the percent-
age calculations together with any vapour which is not caused

by heating.  figure of approximately 20,: seews to be more
realistic in the circumstances.

Some work (Bib.1) has already established that variations in

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

influence on the health of the residents,

llowever, other work has estahlished that the water content of
indoor air can have an indirect effect on health, A Danish
investigation (Bib.2) in accord with several foreign investig-
ions on the same subject, has demonstrated 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 humidity, the greater the number of

lhouse dust mites.

Amongst 701 children living in howes defined by the author as
"dry homes" on the basis of an objective environmental evaluation,
5.6% suifered from asthma, as compared with 13.5% amongst 700.

children from "damp homes". (Bib. 3).

This shows that an increased incidence of asthma can be expected

when there 18 a general increase in the water vapour content of



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 rise to a substantial increase in allergies.

The present work has established an increase in the water vapour
content of indoor 4ir in renovated dwellings. Subsequent analyses
must try to determine to what extent this leads to an increased
incidence of house dust mites and other allergens. \ provisional
agssessmment based on existing work shows that an increase of 25-
30 in the amount of actual humidity in the water vapour content
of indoor air must be considered very serious frou a hygienic-
allergological point of view. About 15% of the DanisgNropulat—
ion have a hereditary tendency to develop sensitivity,,about

3-6% ed=ctbrems develop a tendency, and this must be due to

environmental factors.

TABLES

Table 1

Cross-section and standard deviation for thg age of the research
sample (oldest member of family) and living density (mo, of
persons/mz) The figures are given for the whole sample together

with details of each of the 5 sample groups.

(x = cross-section 1 SD = gtandard deviation)
1. Unsealed (n = 29) 2. Sealed (n = 25)
3. Group L. Age (yrs)

5. Living density (no. of persons/mz)

Tabkle 2,

Absolute humidity, expressed as an average of measurements
carried out at 20cm and 200cm above the floor in the bedroom
and living roow, with the corresponding outdoor values for
absolute humidity and tewperature for 25 pairs of homes, tabul-~-
ated for sealed and unsealed flats. The readings were taken in

the period 18t’h Feb.—19th Mar. 1980.

1. l'air of dwellings 2. External climate

3. Living rooins 4. Bedrooms



10.

5. Unsealed Sealed

60
7. Code no. 8. Mean
FIGURES

Fig. 1

Observed and calculated window surface temperatures for double

glazing and single-glazing respectively.

1. Internal temperature window surface
2. Theoretical line 3. Double-glazing
4, Single-glazing

A hisgstogram of the difference in the amount of actual humidity
(indoor water vapour contenl deducted from external water vupour
content) heitween pairs of dwellings composed of a geoled and an
unsealed flat. The wean ¢ humidity level 1s 0.8g/ky higher
in sealed homes compared with unsealad. (p << 0.02, Wilcoxon

match-palrs testl)

1. g water vapour/kg dry air 2. 23 pairs of dwellings
i, 3

IHstogram of Lhe difference in heat consumption hetween theo two
heating seasons 1977-78 and 1979-80 1in 20 sealed dwellings, all

of which were occuplied 2t least from 1Bt April 1977,
1. Thermal units (?7/78- 79/80) 2. 20 dwellings

SEM Standard Lrror of the Mean signifies that the true saving
in the total amourt, esrrssponditms=to=howwss with 957 probabil-
ity will vary between 14 F 10¢ 1.e. between 4-24) in relation to

the carlier consumption,

Fig. 4
Histogram of the difference in hot water consumption hetwecn the

two heating seasous 1977-78 and 1979-80 in 19 sealed dwellings,
all of which werc occupied at least from 1Bt April 1977 (one
reading lost). The mean hot water consumption for 1977-80 was 1
unit less than 1977-78 (p << 0.05 Wilcoxon match-pairs rank test)
corresponding to a reduction of 6% (2 SLM = 145)

1. Hot water units 2. 19 dwellings.
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Fig. 3. (p. 10) should read:-

HHistogram of the diflfecrence in heat congumption beiweenthe two
heating scasons 1977-78 and 1979-¢0 1in 20 sealed dwellings, all
of which were occupied at least from 1SL April 1977. On avera;.e,
the consumption was &4 units less in 1979-80 than in 1977-78

(p <L 0.01, Wilcoxon match-pairs signed-rank test) corresponding

to a reduction of 14 (2 5khi =——5%) in heat consumption.

SEM Standard Lrror of the Mean, signifying that the true saving
in the total amount, with 95% probabilitx will vary bhetween
14 105, 1.e. between 4-24% in relation to the earlier

consumption,

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



