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Ventilation Studies 
of Some Australian 
Houses 
by K. L. Biggs*, B.Sc., and I. Bennie*, 
B.App.Sc. 

An overview is given of research at the CS/RO 
Division of Building Research into aspects of 
ventilation in Australian houses and other 
buildz'ngs. Measuring methods and equipment 
used are briefly described. Air infiltration rate 
measurements, and an equation relating 
infiltration rate to wind speed, are discussed. Also 
discussed are air permeability measurements and 
the unsatisfactory correlation between the two 
measures. Air quality implications are considered. 
The cost-effectiveness of attemptz'ng house
tightening measures has been evaluated on the basis 
of the above results and estimates of annual heating 
requirements for houses in Canberra, Hobart, 
Melbourne, and Sydney obtained by the application 
of the ZSTEP3 thermal performance model. The 
results show that, at energy and housing alteration 
prices of 1986, such measures are not normally 
cost-effective. 

1. Introduction 
The results of a series of measurements of air change rates in 
the living rooms of six houses in Melbourne by Howard of the 
CSIRO Division of Building Research were published in 19661• 

No further work in this field was undertaken at the Division 
until 1979 when Michell and Biggs began to measure whole
house infiltration rates, i.e. the rate of exchange of air between 
indoors and outdoors when all controllable ventilation openings 
are closed. 

At first the method used was the same as Howard's, viz. mon
itoring the decay in concentration of a tracer gas, but later an 
automatic, continuous apparatus was developed. Infiltration 
rate measurements have now been carried out on nine houses, 
four school classrooms, a kindergarten, and a test building. The 
buildings were unheated and unoccupied, and normally all win
dows and external doors were closed, and internal doors were 
opened. In one house the infiltration rate was also measured 
with some windows opened. 

Further studies at the Division concerned the porosity or air 
permeability of the building fabric of houses. Measurements 
have been carried out in 32 houses and, in the test building, the 
contribution to total leakage by some common individual com-
ponents was investigated. . 

Work has been carried out on correlation, for a given house, 
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of the measured infiltration rates with the corresponding per
meabilities. The economic merits of 'tightening' houses 
through retrofitting have been considered. 

This paper briefly reviews the-methods of measurement used 
in these studies, and uses some of the results obtained and con
clusions reached as the basis for an analysis of the cost-effec
tiveness of house tightening. 

2. Air infiltration rates 
Air infiltration rates have been measured using either the expo
nential decay method or a constant concentration method 
developed at this Division2 • In the former method, nitrous oxide 
tracer gas is distributed uniformly throughout the space con
cerned, and the d~cay in concentration with time is monitored. 
The infiltration rate is calculated from the relative rate of decay 
in concentration. In the latter method a quasi-constant concen
tration of tracer gas is maintained throughout the space by peri
odic release of gas in quantities related to the concentration in 
the space. The values of mean concentration and the total quan
tity of gas required to maintain such a concentration over a 
period of time are used to calculate a mean infiltration rate. 

Detailed measurements have been obtained for seven ~Mel~ 
bourne houses, and the results analysed. This will be reported 
in full elsewhere. For the purposes of this paper, it suffices to 
say that a representative expression was found for the wind
induced infiltration rate in an unheated, closed house typical of 
the types of houses comprising the housing stock of south-east
ern Australia. It takes the form 'Y = 0.37 + 0.062V, where 'Y is 
the infiltration rate in air changes per hour (ac/h) and V is the 
wind speed in metres per second (m/s) as recorded by the 
Bureau of Meteorology for the city in question. For a wind 
speed of 3.4 m/s (which is close to the annual average wind 
speed in Melbourne, Sydney anq Hobart) the mean infiltration 
rate is 0.58 ac/h, with a 95 per cent confidence interval of the 
mean from 0.27 to 0.88. Unusually 'loose' or 'tight' houses will 
have average infiltration rates outside these limits. 

It is interesting to compare these results with those published 
for houses in other countries. Data are scarce but studies in 
Sweden3 showed that for 50 houses built between 1960 and 
1980, the infiltration rates amounted to between 0.2 and 0.4 ac/ 
h. The severe winter climate in Sweden and the lack of natural 
energy sources has led to building techniques and sealing prac
tices that keep leakage air exchanges to a low level. In Great 
Britain, where the climate is closer to that in the temperate 
regions of Australia, a study of 25 houses yielded an average 
infiltration rate of 0.7 ac/h4 • This is marginally higher than the 
average rate for the Australian houses, due possibly to an 
increased stack effect induced in the two-storey British houses. 

Australia does n£have a mandatory minimum air change 
rate for houses to dilute internal pollution and reduce moisture 
build-up, but in Sweden, for example, there is a requirement for 
a minimum of 0.5 ac/h5 • On that basis these Australian houses 
would often appear to be underventilated, but it must be empha
sised that the infiltration rate expressiop.- given relates to 
unoccupied, unheated houses. In practice, air'"change rates can 
be considerably higher. In a study of 23 dwellings in Denmark6 

it was found that on average the air change rates in occupied 
dwellings was 3-4 times higher than the rates when the dwell
ings were unoccupied, although the data exhibited considerable 
scatter. 

Reasons for this increase include the use of exhaust fans, 
periodic 'airing', movement of people in and out of the house, 
passage of air up flues, and the practice of leaving some win
dows permanently ajar. 

Apropos the latter factor, measurements in House 18 indi
cated that at 3.4 mis wind speed the air change rate doubled 
when one awning window in each of three bedrooms was 
opened outward by 30 mm. 

Nevertheless, the possibility exists that a house may be oper
ated in a tightly closed manner, and on air quality grounds the 
authors are disinclined to recommend, generally, that houses be 
tightened. 
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3. Permeability measurements 
Building permeability is derived from measurements of the air 
flow rate required to maintain a given difference in air pressure 
across the envelope of a building7

• Tu facilitate comparison with 
data from other countries, a standard pressure difference of 50 
Pa was adopted. 

The equipment used is simple8, comprising a fan and flowme
ter in an air duct mounted to a door panel fitted in a doorway, 
and manometers for measurement of the flow-induced pres
sures and of the pressure difference across the envelope (Fig .1). 
In common with the practice overseas, the houses are tested 
with windows and external doors closed. Internal doors, except 
the WC door, are open, and vents in the service areas are 
masked. 

Tu enable comparison between houses, the flow rate required 
to maintain a pressure difference of 50 Pa can be divided by the 
volume enclosed by the house envelope, yielding a parameter 
known as the Air Change Rate (ACR), which should not be con
fused with the natural ventilation or infiltration rate. 

Since 1980, when the equipment was built, ACR values for 32 
houses in Melbourne and Sydney have been determined9 . The 
average values of the Air Change Rate at 50 Pa (ACR(50)~ for 

Figure 1. 

~chem~.tic arrangement of apparatus used for 
permeab1t1ty 111easurem~ms. 

-
two major groups of houses were 26.3m3/m3.h (standard error 
of the mean 0.9) for ten newly-constructed houses, and 12.3m3/ 

m 3.h (standard error of the mean 1.2) for 12 houses in a 'solar 
village'. 

These results may be compared with those obtained from 
studies in other countries (Table 1). The mean permeability 
value for the ten newly-constructed houses studied was approxi
mately double the values quoted for New Zealand 10, The Neth
erlands11, and the United Kingdom 12• The latter values are 
themselves approximately treble those quoted for Canada 12 and 
Sweden7 • This ranking reflects the fact that, in the countries 
with more severe winter climates, greater attention is paid to 
reducing air infiltration. 

Table 1. 
Comparison between mean ACR(50) values for 

Australia and those for other countries 

Country 

Australia. 
Newly constructed 
Solar village 

New Zealand 
Netherlands 
United Kingdom 
Canada 
Sweden 

Reference No. of houses Mean ACR(50) 
(m3/m 3.h) 

10 
11 
12 
12 

7 

10 
12 
40 

130 
19 
60 

205 

26.3 
12.2 
11.0 
12.0 
13.9 
4.4 
3.7 
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The solar village houses, which were designed and constructed 
to be less permeable than comparable contemporary housing, 
demonstrated ACR (50) values similar to those cited for New 
Zealand, the Netherlands, and the United Kingdom, i.e. they 
were on average only half as permeable as those of the contem
porary group. This was achieved largely by the elimination of 
fixed waU vents, the use of sliding aluminium windows and, in 
·most houses, a concrete floor slab, and by the weatherstripping 
of exterior doors. 

4. The relation between infiltration rates and 
permeability 
It takes at least two weeks of monitoring infiltration rates to 
accumulate data covering a useful range of wind speeds and 
directions, and expensive equipment is required: Permeability 
measurements, on the other hand, can be carried out in a few 

. hours, and the technique employs relatively inexpensive equip-
ment. Consequently, workers in this field throughout the world 

Figure 2. 
Predicted versus measured air infiltration rates for House 
18, using modified BAE modePa. Solid line represents 
perfect prediction; da~hed lines bound region within ± 25 
percent of measured values. 
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have sought a correlation between the two types of measure
ment. There are, however, substantial difficulties with such an 
attempt. The value of the permeability parameter for a given 
house is a single number, indicating the porosity of the enve
lope. It is w1affected by the locati'on of the house whereas the 
wind-driven infiltration rates for that house will be influenced 
by the terrain in which it is located and by the wind-shielding 
effect of the surrounding vegetation and other buildings. 

Computer models have been developed overseas to predict 
infiltration rate behaviour as a function of wind speed and the 
indoor/outdoor temperature difference, on the basis of permea
bility, terrain category, and local shielding13' 14 ' 15 . Trials of five of 
these models, using our data, were only moderately successful. 
Figure 2 shows a typical spread of data obtained in one of these 
correlation attempts. 

The most practical use of permeability measurements 
appears to lie in indicating whether a house is likely to experi
ence excessive or inadequate infiltration rates, and in evaluat
ing the 'tightness' achieved by different building techniques, 
components, and sealing methods. 

5. Economic considerations of house tightening 
The term 'house tightening' describes the operation of reduc
ing infiltration rates in existing houses by the application of 
appropriate measures to the fabric of the building enclosing the 
occupied volume. In instances of gross infiltration, the aim is to 
eliminate draughts, but in general the intention is to reduce 
energy consumption. Although draught stopping had been 
practised for many years, interest was greatly increased by the 
oil crisis of the 1970s. Along with insulation, tightening was 
promoted as a means of saving energy and reducing fuel bills. 

House 18, which had air infiltration rates near the average of 
the houses mentioned in Section 2, was selected for appraisal of 
the effects of progressive house tightening. It was a three-bed
room, brick-veneer house with an internal floor area of about 
100 m2 • The walls were uninsulated but R2.5 insulation covered 
the ceiling. The floor was of suspended timber construction. 
The floor plan is given in Figure 3. The fan pressurisation 
method was chosen in preference to the direct measurement of 
air infiltration rate because the latter would have required 
extended periods of continuous monitoring, at each stage, in 
order to obtain sufficiently precise estimates of the effects pro
duced. 

The house-tightening procedures, undertaken progressively, 
were (a) masking of the ceiling vents in the bathroom and laun
dry and the exhaust fan vent in the kitchen, (b) masking all the 
windows, which were of the wooden awning type, and (c) mask
ing the sliding wooden 'patio' door. These steps simulated the 
replacement of vents with 100 per cent effective, self-dosing 
exhaust fans, and 100 per cent effective weatherstripping of the 
windows and sliding door respectively. They would therefore 

Figure3. 
Floor plan of House 18 (dimensions in mm). 
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yield the maximum possible reduction of air infiltration for the 
measures implemented. 
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Table2. 
Flow rates required to maintain 10 Pa pressure 
difference across the building envelope with 

progressive house tightening of House 18 

Condition of house 

Original 
Service area vents ma~ked 
Windows weatherstripped 
Sliding door weatherstripped 

Flow 
rate 

(m3/h) 

1820 
1610 
1490 
1330 

Reduction in 
flow rate 

(m3/h) 

210 
120 
160 

Table 2 gives the flow rates required to maintain a pressure dif
ference of 10 Pa across the envelope of House 18. This pressure 
was selected as it is of the same order as the average wind pres
sures experienced in practice. It may be seen that masking the 
service area vents proved the most effective single measure, 
and that weatherstripping windows reduced the total flow rate 
by less than 7 per cent. The effect of all the measures taken was 
to reduce the permeability of the envelope by 27 per cent. This 
figure was increased to 30 per cent to allow for the fact that the 
house already had weatherstripped doors, i.e. in effect some 
tightening had already been done. 

The equation describing the measured air infiltration of 
House 18 as a function of the wind speed reported by the 
Bureau of Meteorology in Melbourne is 'Y = 0.39 + 0.054V. 
Since the flow rates given in Table 2 reflect the different total 
effective open areas of the cracks and gaps of the house enve
lope under the various tightening conditions considered, it is 

Saves up to 45% 
on your winter 
heating bills. 

/•-
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assumed, in the absence of a practically useful correlation 
model, that the flows of air through the envelope under the 
action of wind will show similar variation. Hence the coeffi
cients of the air infiltration rate equation were reduced by 30 
per cent to represent the effect of reducing the permeability by 
30 per cent through the house tightening measures. The 
reduced infiltration equation is 'Y = 0.27 + 0.038V. 

By means of the thermal modelling program, ZSTEp316, the 
annual heating energy requirement of House 18 has been calcu
lated in both the untightened and tightened condition for the 
representative year 1972 in Melbourne. A 24-hour temperature 
profile, ranging from 16 to 21 °C according to the time of day 
was nominated, and heating was applied to the whole house 
whenever the indoor temperature dropped below the profile 
value. Estimated annual energy requirements were 42.54 GJ for 
the untightened condition, and 40.96 GJ for the tightened state, 
giving an annual energy saving, .6.E, of approximately 1.6 GJ. 
The financial saving in one year, A($), would be 1.6 x R x 2. 78, 
where R is the unit cost of energy inc/kWh. Similar calcula
tions were carried out for Canberra, Sydney, and Hobart, and 
the results are set out in Table 3. It should be noted that the 
calculated values of .6.E are independent of the materials of con
struction, the form and orientation of the house, and the type of 
heating energy used, since, for a given climate, the difference in 
annual heating energy required depends only on the different 
amounts of air that are increased in temperature from that out
do?rs to that required by the daily temperature profile. 

The question to be asked is whether the annual saving justi
fies the outlay required to achieve it. An approach in such cases 
is to calculate the payback period. An expression for the pay
back period, derived from an equation for the present worth 
factor given in Reference 16 is: 
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N ~log [ A(l ~;\~~d-,)] / log [ ~ :: 1 
where N = payback period (years), 

A = savings in annual energy costs ($) = AE x R X 
2. 78 where AE is the reduction in annual heating 
energy required in GJ, 

s = uniform inflation rate for unit energy costs 
expressed as a decimal fraction of unit energy c?st, 

d = discount rate, equal to the rate of return r (subiect 
to income tax rate, t), from the best alternative 
investment, i.e. d = r(l-t) where all terms are 
expressed as decimal fractions, and 

c = cost of measures to achieve the annual savings 
A($). 

Table 3 gives values of AE, calculated with ZSTEP3 for 
House 18 in Sydney, Canberra, Melbourne, and Hobart, along 
with the corresponding unit energy costs. The resulting values 
of A are also given: It may be pointed out that while the values of 
AE for Sydney, Me!Dourne, and Hobart increase in line with the 
decreasing mean winter temperatures (12.6, 10.1, 8.4°C respec
tively), the value for Canberra appears anomalous, being close 
to that for Melbourne despite its mean winter temperature of 
6.2°C. The explanation is that the mean wind speed in Can
berra is only about half that for the other cities (1.6 mis com
pared with 3.2 mis for Sydney and Hobart, and 3.4 mis for Mel
bourne18 .) 

The uniform inflation rate for unit energy cost, s, has been 
taken to be 0.07, in line with the increase in the domestic electri
city unit cost in Victoria during 1985186. The discount rate, d, 
has been calculated as 0.15 (1- 0.4425) = 0.084, on the basis of a 
15 per cent return on term deposits, and the marginal tax rate of 
44.25 per cent applicable from 1 December 1986 for annual 
incomes between $19,501 and $28,000. (This range embraces 
the Average Weekly Earnings.) 

Two values have been considered for C, the cost of 'tighten
ing' the house, viz. a 'do-it-yourself' value equal to the cost of 
materials ($286.20), and the cost for tradesmen to do the work 
($501.90). These figures are based on 42 metres of weather· 
stripping of doors and windows, at $1/metre plus labour for four 
hours at $15/hour, and replacement of ceiling vents in the · 
kitchen, bathroom and laundry with automatically closing 
exhaust fans stated in published building cost data for July 
198619 to cost $81.40 each, or $133.30 each installed. 

Table3. 
Annual energy savings, unit energy costs, and 

annual cost savings and payback periods for House 
18 in four cities 

Location Annual Unit Annual Payback period, N 
energy energy cost (years) 
saving, cost, R saving, A 
AE (GJ) (c/kWh) ($) DIY Tradesmen 

Melbourne 1.60 8.87* 39.45 7.7 14.0 
Sydney 1.17 7.39* 24.04 13.0 24.5 
Canberra 1.70 5.46* 25.80 6.7 12.2 
Hobart 2.34 6.37* 44.69 12.1 22.6 
Melbourne 1.6 2.97t 13.21 25.6 52.9 
Melbourne 1.6 3.064: 13.56 24.8 50.8 

* General purpose domestic etectricity 
t Off-peak electricity . . 
+Gas at 0.5085 clMJ, assuming 60 per cent efficiency 

Payback periods have been calculat~d as aj'unctio.n of AE, for 
a range of unit energy costs, for do-1~-your~elf (F1g.4(~)) and 
tradesmen-executed (Fig.4(b)) house tightenmg. By usmg the 
data of Table 3, the payback period.s for the cost of tightening 
House 18 when it is notionally located in Sydney, Melbourne, 
-Canberra, or Hobart, may be found. The values are given in 
Table 3. 

These calculations are related to House 18, which demon
strates average infiltration rate behaviour. The savings effected 
by tightening more permeable houses would be expected to be 
greater, and the payback periods shorter, whilst with less per
meable houses the calculated payback periods would be greater 
than those for House 18. 

When the cheaper fuels, natural gas or off-peak electricity, 
are used for heating, the payback periods are far too long for 
house-tightening to be considered worthwhile. For Melbourne, 
for example, on a do-it-yourself basis, the payback periods are 
about 25 years. The payback periods are considerably shorter 
when domestic general purpose electricity is used for heating, 
except for Sydney and Canberra when tradesmen are employed 
(Figs 4(a,b)). 

In order for house tightening to be of interest to owner-occu
piers, the payback period would need to be less than the antici
pated duration of further occupancy of the house. According to 
Tucker20 50 per cent of owner-occupiers remain in a house for 
less than 4.5 years. For this population, house tightening would 
not be worthwhile. For those owner-occupiers intending to 
remain in their houses for many years, the next criterion to 
apply is whether the payback period is less than the expected 
life of the house-tightening components. It is expected that the 
service life of the exhaust fans would be of the order of 10 years. 
On that basis, do-it-yourself house tightening in Melbourne and 
Hobart are the only situations for which tightening appears to 
be justified. 

However, even when these calculations of payback periods 
suggest that there could be economic justification for house 
tightening it must be realised that the calculations have been 
based on 'best case' assumptions, viz. that the house was heated 
throughout, for 24 hi day, the tightening measures were 100 per 
cent effective, and that doors and windows were always closed. 
In practice, whole-house, 24-h heating is not the norm, tighten· 
ing measures will rarely be perfect, and doors and windows are 
open from time to time. The energy savings used in the calcula-
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Figure 4(a). 
Payback period (N years) as a function of annual energy saving (ti.E 
GJ) and unit en.<;;rgy 1:osi (elk Wh) ior do-1t-yo11• ot1 !1 ,iri,hte:ir;(' 0 .' 

House 'iB. Estimated ennua/ energy saving':! a11c: -" 11, er.e, c, ;· co.J/s 
are shown for Sydney S , Melbourne M , ( ;<.r.Du.·rci c ,J;;,:· 

Hobart H , for domestic general purpose electricity. and for gas 
• ano' off-pfJah f+'ec 1.-.'cfl'y • in Me:DiJur1 't:J 

tions would therefore net normally be rezJ:.:,e:: 2 .ir' t:1c tr"': fA'.: -
back periods would be greater than those given .n Table 3. 

6. CorJclusion 
Calculation of payback penods foi· c.c~~:3 ;nc.·r· · -1 ~L ;-c , 111' > -' 
air infiltration rates inc. giv~n hcus.::, n<J~i-:- :<1<'lly 11,ca,c.'i :11 M :. 
bourne, Sydney, Canberra, and Hobart, showed that hou~e 
tightening is only rarely economically justified. The only situa
tions in which I 1gh~en · ,~~ ap~eareli '"'~ r i:h\vr1i:.' .vev·~ i•, rv!c: I 
bourne and Hotait whr:n e.k~ctricitv ,;:t· d.•·. do·n _ ,, ,;: ·~c ne • ;:1 
purpose tar;ff was l.i8ed to maintain~ 24-honr te. ·1 ~ •e! d ~t~r? P"'· 
file throughout the whole of the house, the owr,er-occupier car
ried out the work, and the duration of occupancy after carrying 
out the wori: wa~ &even co e;ght yec:r~;. 

These calculat10ns were based t:n e~timcL·.:s r, t ,n .i11 •_a: ll c- ~ : 

ing requirements, which in turn made :1se cf el! pr csBion"l for 
wind-induced air infiltration rates before and after house-tight
ening measures were carried out. These expressions were 
derived from me.it0ured air rniil.tr;:,t1on r :it~ ct<:to. ±o! se\ i; n 
closed, unoccupied houses typical of the t~rr.-es c i ttoq.;;es l)u;Jt : 11 

south-eastern Australia, and from detaiitd air per mtability 
measurements on the house chosen for the house-tightening 
study. 

The mear;e.red air infi1tration rates v"r:! I" Oilen l)clcw t ':e 
value of 0.5 ac./b which is mand'l.to1y for Swedi~b lnvses fo; <tiI 
quality reasons. The authors are therefore 1.hsini:.iined, Qi'). all 
quality grounds, to.make a general recommendation to tighten 
houses, even recognising that when thi:. hou.seE J.re occt~;>il'd air 
infiltration rat~~ will often bf, considercbly high<!r Uw11 thnsP. 
measured in the closed, unoc.u;p1ed state. 
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