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Foreword
There is a general recognition that the existing housing stock 
represents the largest potential for energy saving and greenhouse 
abatement in the residential sector. However, few studies have looked 
at how inefficient existing houses actually are, the extent to which 
their level of energy efficiency can be practically upgraded, or the 
cost and cost-effectiveness of doing this.

In 2009 Sustainability Victoria commenced a program of work to 
address these information gaps. Through the On-Ground Assessment 
study data was collected from a reasonably representative sample 
of 60 existing (pre-2005) stand-alone Victorian houses and used to: 
determine the energy efficiency status of the houses; identify the 
energy efficiency upgrades which could be practically applied to the 
houses; and, to estimate the upgrade costs and energy bill savings 
which could be achieved. The results of this initial work are published 
as The Energy Efficiency Upgrade Potential of Existing Victorian Houses 
[SV 2015].

The results presented in the On-Ground Assessment (OGA) study 
report are estimates based on modelling, using data collected from 
real houses and focussing on the energy efficiency upgrades which 
could be practically applied to the houses. The next phase of our work 
on the existing housing stock has been to implement energy efficiency 
upgrades in houses and assess the actual impacts achieved. Through 
the Residential Energy Efficiency Retrofit Trials we are implementing 
key energy efficiency retrofits1 in existing houses and monitoring the 
impact to assess actual costs and savings, the impact of the upgrades 
on the level of energy service provided, and householder perceptions 
and acceptance of the upgrade measures. We are also seeking to 
identify practical issues which need to be taken into consideration 
when these upgrades are implemented.

In this report we present the results of our Draught Sealing Retrofit 
Trial, which was undertaken in a total of 16 houses in 2011 and 2012. 
Blower door testing was used to measure the air leakage rate of the 
houses prior to the retrofits and after each batch of draught sealing 
measures was applied. In addition to this householder surveys were 
undertaken and energy use and internal and external temperatures 
monitored before and after the retrofits were undertaken to assess 
the impact of the draught sealing retrofits.

Draught sealing was one of the main building shell retrofit 
opportunities identified in the OGA study, and one of the more cost 
effective retrofit measures, with draughts found to account for around 
25% of heat losses from the houses in winter months. Existing 
Victorian houses were found to have an average natural air leakage 
rate of 1.90 air changes per hour (ACH). Modelling suggested that if 
the natural air leakage rate could be reduced to 0.5 ACH this would 
yield average energy bill savings of around $154 per year for a 
payback of 6.6 years on the investment in draught sealing (based on 
commercial rates2), and reduce greenhouse emissions by around 0.5 
tonnes per year. 

1	 To end 2015 we have trialled halogen downlight replacements, comprehensive 
draught sealing, pump-in cavity wall insulation, gas heating ductwork upgrades, 
window film secondary glazing, pool pump replacements, combined ductwork 
and gas heating upgrades, solar air heaters, heat pump clothes dryers, 
gas water heater upgrades, halogen downlight replacement combined 
with ceiling insulation remediation, external shading and comprehensive 
whole house retrofits.

2	 If the draught sealing was undertaken as a DIY project the average payback 
would be reduced to 2.8 years.

If similar results were achieved across the entire stock of pre-2005 
Victorian houses, this would result in total annual energy bill savings 
of around $288 Million per year, reduce greenhouse emissions by 
around 900 kT per year, and reduce total residential gas consumption 
by around 16%.

The Draught Sealing Retrofit Trial has shown that comprehensive 
draught sealing is an effective strategy for reducing energy 
consumption in existing Victorian houses. The air leakage rate of 
the houses which participated in the Trial was reduced by about a 
half for an average commercial cost of around $1,000. Householders 
experienced this as a reduction in the level of draughts, increased 
thermal comfort and a reduction in the difficulty of heating their 
homes. Based on the monitoring undertaken during the Trial we 
estimate that average heating energy savings in the range of 
11 to 13% were achieved, or average annual energy bill savings 
in the range of $132 to $150 per annum, giving a payback on 
the investment in draught sealing in the range of 6.2 to 7.9 years 
(based on commercial rates).

When reading this report it is important to keep in mind that the costs 
are based on the commercial cost of undertaking the draft sealing, 
and do not include any government financial incentives which are 
available3. Many of the draught sealing measures can be undertaken 
as a DIY project, also reducing costs, and we have noted in the report 
the difference that this can make to the costs and payback period.

The savings documented in the report are based only on the energy 
bill savings which result directly from the draught sealing. We have 
not included any value associated with the greenhouse gas savings 
resulting from the upgrades, or comfort or health improvements 
which could result from the upgrades. Currently, there is not 
widespread agreement on how to include the value of greenhouse 
abatement in such analysis, and as yet there is no evidence base 
which would allow the comfort and health benefits for households 
in Victoria to be included. While some of these benefits might accrue 
directly to the households, they will be shared with governments and 
society more broadly.

The energy bill savings are based on the electricity and gas tariffs 
which applied at the time the analysis was undertaken. In general, 
these are on an upward trend, which means that the value of the 
savings should increase in real terms over time.

Taken together, the costs and savings assumptions which have been 
used as the basis of the analysis presented in this report mean that 
we present a reasonably conservative picture of the economics of 
undertaking draught sealing in existing Victorian houses.

3	 The Victorian Energy Saver Incentive Scheme enables Victorian households 
to obtain a subsidy for a range of simple draught sealing measures including 
weather sealing doors and windows, sealing wall vents, and reducing air 
leakage from chimneys and ceiling exhaust fans.
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Abbreviations and Acronyms

ABT	 Air Barrier Technologies

ACH	 Air Changes per Hour

ACH50	� Air leakage rated expressed in Air Changes 
per Hour, measured at a 50 Pascal (Pa) pressure 
difference between inside and outside the house

Av.	 Average

Diff.	 Difference

DIY	 Do it yourself

Elec.	 Electrical

HER	 House Energy Rating

kWh	� Kilowatt-hour, used to measure electrical energy 
consumption. 1 kWh = 3.6 MJ.

kT	 Kiloton

MEFL	 Moreland Energy Foundation Limited

MJ	 Megajoule

OGA	 On-Ground Assessment

Pa	 Pascal

SV	 Sustainability Victoria

Temp.	 Temperature

Yr		 Year

Glossary and definitions

Air leakage rate

This is measured in air changes per hour (ACH). It is the number 
of times per hour that the total volume of air in a house would be 
replaced due to air leakage in winter, or air infiltration in summer.

Dew point temperature

This is the temperature below which water vapour in the air begins 
to condense.

FirstRate5

Thermal modelling program which can be used in Victoria to assess 
compliance with house energy efficiency regulations. The program 
calculates the annual heating and cooling energy required (expressed 
in MJ/m2/Yr) to maintain specified comfort conditions inside a house 
in a particular climatic location. It also assigns a House Energy Rating 
so that the energy efficiency of different houses can be compared.

House Energy Rating

Star rating from 0 to 10 obtained from a thermal modelling program 
such as FirstRate5, which rates the thermal efficiency of the building 
shell of a house. The higher the rating the more energy efficient the 
house is.

Natural air leakage rate

Measured in air changes per hour (ACH). This is estimated by dividing 
air change rate at a 50 Pascal pressure difference (ACH50) by 20.
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1. Introduction

Background to the trial
There is a general recognition that the existing housing stock 
represents the largest potential for energy saving and greenhouse 
abatement in the residential sector. However, few studies have 
looked at how inefficient existing houses actually are, the extent 
to which their level of energy efficiency can be practically upgraded, 
or the cost and cost-effectiveness of doing this.

In 2009 Sustainability Victoria commenced a program of work to 
address these information gaps. Through the On-Ground Assessment 
(OGA) study data on the building shell, lighting and appliances was 
collected from a reasonably representative sample of 60 existing (pre-
2005) stand-alone Victorian houses and used to: determine the energy 
efficiency status of the houses; identify the energy efficiency upgrades 
which could be practically applied to the houses; and, estimate 
the upgrade costs and energy bill savings from implementing 
the upgrades.

FIGURE 1: DISTRIBUTION OF NATURAL AIR LEAKAGE RATES 
FOR THE OGA STUDY HOUSES

As part of the OGA study the air leakage rates of the 60 houses which 
participated in the study were measured using a ‘blower door’ test4. 
The measured air leakage rates for each of the houses are given in 
Appendix A1. The average natural air leakage rate was 1.90 ACH – the 
post-1990 houses had an average natural air leakage rate of 1.20 
ACH, substantially lower than the average for the pre-1990 houses 
of 2.02 ACH. Common sources of air leakage identified in the houses 
included wall vents, external doors, windows, unsealed exhaust fans, 
ducted evaporative coolers with no or ineffective dampers, skirting 
boards, open fireplaces, and manholes.

4	 During the blower door tests a false door, which incorporates a fan, is attached 
to the houses and external windows and doors closed. The houses are then 
pressurised and depressurised at different pressures in the range of 15 to 
60 Pascals, and the air leakage rate (m3/hr) determined at 50 Pascals and a 
number of different air pressure settings. The air leakage rate measured at a 
pressure differential of 50 Pascals was divided by the volume of the house (m3) 
to calculate the air leakage rate expressed as Air Changes per Hour (ACH50) – 
this represents the number of times the total volume of air in the house changes 
in one hour at a 50 Pascals pressure differential. The ACH50 result was divided 
by 20 to estimate the natural air change rate (ACH) at atmospheric pressure.

The distribution of the natural air leakage rates measured in the 
OGA study houses is shown in Figure 1. While the majority of houses 
(71.7%) had a natural air leakage rate in the range of 1 to 2.5 ACH, 
there is a small minority of houses (10.0%) with very high natural 
air leakage rates, in excess of 3 ACH [SV 2015]. The greater the air 
leakage rate, the harder the house will be to heat in winter as the 
warm air which leaks out of the house is replaced by cold outside 
air which then has to be re-heated. The draughts created by the air 
leakage can also reduce the comfort of occupants. Similarly, houses 
with higher air leakage rates will also be harder to cool in summer 
during the heat of the day. 

The relatively high air leakage rates of the existing (pre-2005) houses 
measured during the OGA study was one reason that these houses 
were quite inefficient. The average House Energy Rating (HER) of 
the houses was only 1.81 Stars, with the pre-1990 houses having 
an average HER of 1.57 Stars and the post-1990 houses having an 
average HER of 3.14 Stars. This is substantially less efficient than 
houses constructed from 2005 to 2011, which were required to 
achieve a 5 Star rating, and houses which were constructed after 
2011, which are required to achieve a 6 Star rating.

The air leakage rates measured in the existing Victorian houses as 
part of the OGA study suggest that the air tightness of the pre-2005 
houses, and especially the air tightness of the pre-1990 houses, is 
very poor. Table 1 [DoI, 2013]5 presents data on different air tightness 
levels and compares this to the OGA study results. In all cases the 
average air leakage rates measured in the OGA study would be 
classified as poor.

5	 The original source of this data is cited in [DoI, 2013] as Energy Leaks Pty Ltd.
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TABLE 1: CATEGORISATION OF AIR TIGHTNESS LEVELS OF HOUSES 6 7

Classification ACH50 Natural Air Leakage Rate 
(ACH)

Additional Ventilation 
requirements4

Aspirational Passivhaus5 0.6 0.03 Constant energy recovery 
ventilation

Best practice 1.5 0.075

Excellent 3.5 0.18 Occasional forced ventilation

Better 5.0 0.25 Occasional

Good 7.0 0.35 Small

Fair 10.0 0.50 Rare

Poor 20.0 1.00 None

OGA study – post 1990 24.0 1.20

OGA study - average 38.0 1.90

OGA study – pre-1990 40.4 2.02

6	 Some level of ventilation is required in all houses to maintain internal air quality. In houses which have high air leakage rates little additional ventilation is required. 
In houses which are very air tight some form of forced ventilation may be required to bring in enough fresh air.

7	 Passivhaus is a German standard for the design and construction of very energy efficient houses which require very little energy for heating and cooling.

Through the OGA study we assessed the cost-effectiveness of a 
total of 21 different building shell, lighting and appliance upgrades 
which could be applied to the 60 existing houses which participated 
in the study. The results of this analysis are summarised in Table 2 
[SV 2015] – the results have been normalised to show the average 
savings and costs for the 60 houses studied. Comprehensive 
draught sealing was found to be one of the most cost effective energy 
efficiency measures, and was applicable to some extent to nearly all 
of the houses studied. In the OGA study analysis it was assumed that 
the draught sealing measures applied to the houses could reduce 
the natural air leakage rate from the measured rate (See Appendix 
A1) to 0.5 air changes per hour, representing a 72% reduction 
in the air leakage rate of the houses. It was assumed that all air 
sealing measures were undertaken at commercial rates. In practice 
many air sealing measures could be undertaken as a DIY project, 
which would substantially reduce the overall cost and therefore 
the paybacks8.

8	 The average payback is reduced to 2.8 years if the draught sealing is undertaken 
as a DIY project.



7

REPORT  Draught Sealing Retrofit Trial

TABLE 2: AVERAGE IMPACT OF ALL UPGRADE MEASURES, ACROSS THE STOCK OF 60 OGA STUDY HOUSES

  Av. Energy Saving (MJ/Yr)        

Across stock % 
Houses 
Applied 
To

Gas Elec Total Av. GHG 
Saving 
(Kg/Yr)

Av. 
Saving 
($/Yr)

Av. Cost 
($)

Av. 
Payback 
(Yrs)

LF Shower Rose 56.7% 1,333 69 1,402 95 $57.9 $48.8 0.8

Ceiling Insulation (easy) 11.7% 958 32 990 64 $19.3 $78.6 4.1

Lighting 93.3% - 1,202 1,202 365 $93.5 $535.8 5.7

Draught Sealing 98.3% 7,809 221 8,030 496 $153.9 $1,019.8 6.6

Clothes Washer 55.0% 135 16 152 12 $24.9 $190.9 7.7

Water Heater – High Eff. Gas 58.3% 460 1,004 1,463 330 $58.2 $477.3 8.2

Ceiling Insulation (difficult) 33.3% 1,630 68 1,698 111 $33.8 $278.2 8.2

Heating 80.0% 6,239 215 6,454 411 $125.9 $1,110.6 8.8

Refrigerator 86.7% - 1,202 1,202 365 $93.5 $1,103.7 11.8

Reduce Sub-Floor 
Ventilation

21.7% 589 12 601 36 $11.2 $166.7 14.9

Seal Wall Cavity 50.0% 903 24 927 57 $17.6 $270.4 15.3

TV 95.0% - 696 696 273 $54.1 $964.3 17.8

Ceiling Insulation (Top Up) 43.3% 853 22 875 54 $16.6 $335.3 20.2

Underfloor Insulation 40.0% 1,803 10 1,813 102 $32.4 $784.7 24.3

Dishwasher 43.3% - 112 112 34 $10.4 $258.1 24.9

Clothes Dryer – Heat Pump 45.0% - 353 353 107 $27.5 $727.7 26.5

Cooling 40.0% - 160 160 49 $12.5 $464.8 37.3

Wall Insulation 95.0% 5,283 130 5,412 331 $102.5 $3,958.7 38.6

Drapes & Pelmets 100.0% 2,209 54 2,263 139 $42.9 $2,035.9 47.5

Double Glazing 100.0% 2,278 66 2,344 146 $45.0 $12,145 270

External Shading 31.7% - 9 9 3 $0.7 $463.6 694

Total (ex Double Glazing) 30,203 5,610 35,813 3,434 $989 $15,274 15.4

Total (ex Drapes) 30,273 5,621 35,894 3,441 $991 $25,383 25.6

Note that energy bill savings are based on a gas tariff of 1.75c/MJ, and electricity tariffs of 28c/kWh (peak) and 18c/kWh (off peak). Savings for low flow shower rose, washing machine and dishwasher 
also include water bill savings. The upgrade measures have been costed based on commercial rates and do not include any government incentives which might be available.
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The next phase of Sustainability Victoria’s work on existing houses 
has been to trial retrofit measures and assesses the actual impacts 
achieved. Through the Residential Energy Efficiency Retrofit Trials we 
are implementing key energy efficiency retrofits9 in existing houses 
and monitoring the impacts to assess actual costs and savings, the 
impact of the upgrades on the level of energy service provided, and 
householder perceptions and acceptance of the upgrade measures. 
We are also seeking to identify practical issues which need to be 
taken into consideration when these upgrades are implemented.

As part of the Retrofit Trials we are investigating comprehensive 
draught sealing of houses, that is, the application of a package of 
draught sealing measures to houses to substantially reduce their 
air leakage rate. Key reasons to investigate comprehensive draught 
sealing are that it has wide applicability across the existing Victorian 
housing stock, gives significant energy savings and is one of the 
more cost effective energy efficiency upgrade measures. The results 
from the OGA study suggest that if comprehensive air sealing was 
applied to all pre-2005 Victorian houses to achieve the same level of 
air tightness which was modelled in the study (0.5 ACH), this would 
give total annual energy bill savings of around $288 Million per year, 
reduce greenhouse emissions by around 900 kT per year, reduce 
total residential gas consumption by around 16% and reduce total 
residential electricity consumption by around 1%. Draught sealing is 
also an area where there have been few Australian studies, and little 
if any work which has quantified the air leakage reduction which is 
possible in practice or the relative impact of the various draught 
sealing measures which can be applied (See Chapter 2).

How the trial was undertaken
The Draught Sealing Retrofit Trial was undertaken in two stages, 
with 8 houses retrofitted in 2011 (Houses DS1 to DS8) and a further 
8 houses retrofitted in 2012 (Houses DS9 to DS16). All 16 houses 
were located in Melbourne. In the first trial the houses which were 
recruited to participate were all involved in the OGA study – houses 
which had higher air leakage rates and gas ducted heating were 
targeted. This meant that some data was already available on the 
houses, including estimates of the energy savings which could be 
achieved from comprehensive draught sealing. In the second trial we 
targeted houses which had gas ducted heating and which were likely 
to have above average air leakage rates. The intention was to conduct 
the trials during the main winter heating period from June to August. 
In practice logistical issues meant that the 2011 trials were conducted 
mainly over the period July to September, while the 2012 trials were 
conducted mainly over the period June to August.

The Draught Sealing Retrofit Trial involved a number of key steps:

›› Houses were recruited by MEFL to participate in the trial. The key 
target was houses which had gas ducted heating and which were 
likely to have above average air leakage rates. Houses with gas 
ducted heating were chosen as these would be expected to have 
a higher energy use for heating, and this should make it easier 
to estimate the energy savings achieved;

›› Air Barrier Technologies (ABT) was sub-contracted by MEFL to 
undertake blower door tests to measure the air leakage rate of the 
houses prior to any upgrades being undertaken. Smoke sticks were 
used during the blower door tests to identify the main air leakage 
sites and hence determine the draught sealing measures which 
would be applied to the houses;

9	 To end 2015 we have trialled halogen downlight replacements, comprehensive 
draught sealing, pump-in cavity wall insulation, gas heating ductwork upgrades, 
window film secondary glazing, pool pump replacements, combined ductwork 
and gas heating upgrades, solar air heaters, heat pump clothes dryers, gas 
water heater upgrades, halogen downlight replacements combined with 
ceiling insulation remediation and comprehensive whole house retrofits.

›› ABT progressively implemented the draught sealing measures 
which had been identified and undertook blower door tests after 
each group of measures had been applied. This allowed the relative 
impact of different draught sealing measures to be measured;

›› Metering equipment was installed at the houses to assist us 
to monitor the impact of the draught sealing retrofits. Small 
stand‑alone battery operated temperature sensors and data loggers 
were installed outside the houses (1 logger) as well as in the main 
living areas which were heated (3 to 4 loggers). These recorded both 
external and internal temperatures at 10 minute intervals during the 
day. A small plug-in electrical power meter and data logger was also 
installed on the electrical supply to the gas ducted heater. This was 
set to record the average power consumption of the gas ducted 
heater at one-minute intervals during the day, allowing us to identify 
the times when the gas ducted heaters were operating, as well as 
to measure the electricity consumption of the heaters. We used 
the electricity consumption of the heaters as a proxy for their gas 
consumption10. The existence of a linear relationship between the 
electricity and gas consumption of gas ducted heaters has been 
confirmed in a number of retrofit trials where both the electricity 
and gas consumption of the heaters was monitored. The metering 
equipment was installed around one month prior to the draught 
sealing retrofits and left in place for around one month after the 
draught sealing retrofits;

›› Historical gas billing data was obtained from the houses which 
participated in the study and was used to estimate their gas use 
for heating prior to the retrofits. As gas is used for only a limited 
number of end uses – heating, water heating and sometimes 
cooking – and as the heating energy use is concentrated during 
the cooler months, it is possible to use the bi-monthly gas billing 
data to estimate the annual energy use of the gas heating11. 
Where possible, estimates were undertaken for a number of recent 
years for each house, temperature corrected12 using Bureau of 
Meteorology (BoM) data, and then the average annual gas use 
for heating calculated.

›› Brief householder surveys were conducted before and after the 
retrofits. The aim was to assess people’s perceptions of the thermal 
comfort of their houses before and after the retrofits, as well as 
their perceptions of any changes in the difficulty of heating the 
house or of draughts;

›› All surveys, data and images collected during the Draught 
Sealing Retrofit Trials were provided to Sustainability Victoria and 
analysed to determine the impacts of the draught sealing retrofits. 
The results of the analysis are presented in this report.

10	 While it would have been possible to install a separate gas meter with a pulsed 
output and a pulse logger to measure the gas consumption of the gas ducted 
heater, this is considerably more complicated and expensive than installing a 
simple plug-in power meter as the gas line needs to be cut and it requires a gas 
fitter. Gas ducted heaters can have quite a high electricity consumption when 
operating, typically in the range of 300 to 800 Watts, with the electricity used 
mainly to power the main air circulation fan and combustion fan. Typically the 
electricity consumption is around 2% of the gas consumption.

11	 Daily gas use during the summer months was assumed to be entirely due to 
water heating and cooking. Except where gas-boosted solar water heating was 
present, annual average daily use for water heating and cooking was taken to 
be 1.2 times the summer use. This was used to estimate annual use for water 
heating and cooking, and then subtracted from the total annual gas use to 
estimate gas use for heating.

12	 The length and severity of winters varies from year-to-year, and so gas heating 
energy use also shows significant annual variability. BoM data was obtained for 
relevant locations for the period 2000 to 2012, and the number of Heating Degree 
Days (18ºC base) calculated for each year. The average number of Heating Degree 
Days was calculated for 2000 to 2012 and used as the reference. The number of 
Heating Degree Days was then calculated for each year of billing data and used 
to derive an index to temperature correct the gas heating use for that year.



9

REPORT  Draught Sealing Retrofit Trial

Overview of the report
In Chapter 2 we give a general overview of residential draught 
sealing. This is intended to provide an introduction to the different 
types of draught sealing measures which were employed as part 
of the Draught Sealing Retrofit Trial and also discusses a range of 
issues related to draught sealing.

In Chapter 3 we provide an overview of the houses which were 
recruited for the Draught Sealing Retrofit Trial, and present the 
results of our analysis. In particular we look at the impact of the 
comprehensive draught sealing upgrades on the measured air 
leakage rates of the houses, the relative impact of the various 
draught sealing measures used, householder perceptions of any 
changes in thermal comfort, difficulty heating or draughts resulting 
from the retrofits, the way in which the heating was operated 
before and after the retrofits, the energy savings achieved by the 
retrofits, and the economics of the retrofits. We also look at some 
of the practical issues associated with the draught sealing retrofits, 
and the ways in which these can be overcome.

In Chapter 4 we present our summary and conclusions.

More detailed data and analysis is presented in the Appendices. 
In Appendix A1 we provide information on the air leakage rates 
measured in the 60 houses which participated in the OGA Study. 
In Appendix A2 we provide detailed information on the draught 
sealing measures and air leakage rates for the 16 houses which 
participated in the Draught Sealing Retrofit Trial, and in Appendix 
A3 we present the detailed results broken down by the different 
categories of draught sealing applied in the Trial. In Appendix A4 
we present the detailed results of the householder surveys which 
were used to assess the qualitative impacts of the draught sealing. 
In Appendix A5 we present the results of the monitoring which 
was undertaken in each house as part of the Trial to assess the 
quantitative impact of the draught sealing.
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2. Residential draught sealing

Introduction
Sustainability Victoria’s OGA study measured an average natural 
air leakage rate from pre-2005 Victorian houses of 1.90 air changes 
per hour. The data suggests that draughts account for around 25% 
of winter heat loss13 from these houses due to warm air escaping 
from the houses, and around 12% of summer heat gains due to hot 
air infiltrating into the houses during the day [SV 2015].

Draughts are generally a bigger issue in winter than in summer, both 
in terms of comfort and energy usage. In winter the draughts can be 
caused when [SEAV 2000]:

›› Hot air rises and is replaced by colder outside air entering through 
cracks or gaps in the building fabric. High ceilings, open stairwells, 
open fireplaces, vented skylights and vented downlights increase 
this effect;

›› Wind forces its way in through gaps in the building fabric;

›› Exhaust fans, ceiling mounted ducts, wall vents or vented skylights 
provide an easy escape for warmer internal air, which is then 
replaced by air from the outside; and

›› Open flued heating devices burn internal air and draw the hot 
exhaust gases through a chimney of flue.

The presence of draughts makes houses harder to heat in winter and 
also reduces occupant comfort. In summer the impact of draughts is 
more complicated. Hot air entering a house during the day contributes 
to heat gain and makes the house harder to cool. However, at night 
time – or at other times when the outside air is cooler than the inside 
air – draughts can help to cool the house. This is one reason why the 
impact of draughts on summer heat gains is lower than their impact 
on winter heat losses.

FIGURE 2: SOURCES OF DRAUGHTS IN VICTORIAN HOUSESFIND & FIX GAPS
vented skylight

evaporative 
cooling outlets

gaps
around 
doors

chimney

exhaust fans

gaps between 
walls or ceilings 
& cornices

gaps where pipes
 penetrate walls

gaps between
floorboards

gaps between walls
or floors & skirting boards

fixed air
conditioners
& heaters

joints between
wall materials

gaps
between
& around
windows

air vents

13	 This is consistent with figures cited in a range of other publications. For example 
[DoI 2013] states that “Air leakage accounts for 15 – 25% of winter heat loss 
in buildings …”. Modelling for the OGA study found that reducing the natural air 
leakage rate to 0.5 ACH (a reduction of 72.2%) would reduce heating loads by 
an average of 18.3% and cooling loads by an average of 8.9%.

There are many possible sources of draughts in existing Victorian 
houses, some of which are shown in Figure 2. Common sources 
of draughts include [DoI, 2013]:

›› Unsealed or poorly sealed windows and external doors  
(or doors to high ventilation areas);

›› Unsealed wall or ceiling vents, unsealed skylights, and exhaust 
fans which are not self-closing;

›› Gaps where different building elements, such as the ceiling, 
external walls and floors, meet;

›› Cracks or holes in building elements such as walls and ceilings;

›› Gaps around wall penetrations such as pipes, electrical conduits, 
power outlets, window wall air conditioners, etc;

›› Poorly fitted or shrunken floorboards;

›› Chimneys to open fireplaces with no damper fitted;

›› Ceiling outlets of evaporative coolers and gaps around ducted 
gas heating outlets; and,

›› Vented downlights or gaps around unvented downlights.
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Approaches to sealing draughts
Just as there are many potential sources of draughts in houses, 
there are many different ways in which draughts can be sealed 
to reduce the air leakage rate. Some approaches to sealing 
common sources of draughts are discussed below [SEAV 2000].

Sealing doors and windows

Doors require draught proofing at their base and between the 
door and door frame. Windows require draught proofing between 
the openable sash and the window frame. The main areas to focus 
on are external doors and windows, and doors to ventilated areas 
such as toilets, bathrooms and laundries.

Draught excluders can be used at the base of doors and weather 
stripping can be used around door and window frames. Most of the 
products are relatively cheap to buy and can be easily installed as a 
DIY project. There are different draught proofing products for different 
types of doors or windows, and the products usually have their 
applications clearly marked.

Sliding doors can be very draughty and difficult to seal, particularly 
those that slide into internal wall cavities which meet external walls. 
Louvre windows are very draughty and difficult to seal properly. 
If located in heated areas, replacing them with well-sealed windows 
is likely to be the best option.

There are a number of situations where specialist attention 
may be required:

›› large gaps around doors and windows may require 
some carpentry work to make the gap smaller;

›› double-hung sash windows; and,

›› windows that rattle or are warped. 

DRAUGHT EXCLUDERS
› A range of di�erent seals available

Auto lift door sealBrush door seal

 Storm proof sealPVC door stripRoller door seal

Draught excluders for doors

DRAUGHT STRIPPING
› Seal draughts on doors or windows

Weather stripping for door or window frames

Sealing cracks and gaps

Caulking compounds such as silicone or latex based gap fillers can 
be used to seal small cracks and gaps. They are available either as 
a canister which can be used with a caulking gun, or in squeezable 
tubes. The silicone sealants are water resistant and should be used 
in areas exposed to the weather. For larger gaps or holes expandable 
foam filler can be used. In areas which are exposed to the weather 
the foams may require a sealant to be applied after they have set.

Special attention should be directed to sealing cracks and gaps around: 

›› Door and window frames;

›› Architraves and skirting boards;

›› Ceiling cornices;

›› Construction joints;

›› Floor boards;

›› Wall penetrations (such as pipes);

›› Exposed rafters and beams;

›› Inbuilt heaters and air conditioners; and

›› Between masonry walls and other materials.	

Caulking gun used to seal small gap

Expandable foam filler for large gap

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=XY9rFG4rjAfVtM&tbnid=RzSb08nWvSepFM:&ved=0CAUQjRw&url=http://www.familyfeatures.com/releases/dow.html&ei=Kal1U-zdLMnNkgXwioGYDw&bvm=bv.66699033,d.dGI&psig=AFQjCNG_KGQuCLJoFBJv0LF3l18Sxl8nqA&ust=1400306325877428
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Sealing wall and ceiling vents

Many older houses (pre-1990) have fixed wall or ceiling vents, or 
fixed vents above windows (often in bathrooms or toilets). Building 
regulations no longer require these and in most cases they can be 
sealed to reduce air leakage – doors and windows, ceiling exhaust 
fans or rangehood vents can be used to provide ventilation when 
required. Note that where flueless gas heaters are used in a home 
a certain level of fixed ventilation is required by the gas safety 
regulations, and in this case the vents should not be sealed.

Caulking compounds, plaster or even the adhesive foam strips used 
for weather stripping can be used to seal fixed wall or window vents. 
The thin vents sometimes found above toilet and bathroom windows 
may need to be sealed with wood.

Using plaster to seal wall vent

Ceiling outlets of ducted evaporative coolers

The ceiling outlets of ducted evaporative cooling systems can allow 
heated air to escape in winter. If there are gaps, heated air can escape 
around the outside of the outlets. Heated air can also escape through 
the louvers into the ductwork, where it can then escape into the roof 
space through any holes or tears in the ductwork, and any gaps due 
to loose joins in the ductwork. Heat losses can also occur by heat 
conduction through the ductwork if it is not well insulated. If the 
outlet from the evaporative cooler unit is not sealed off effectively 
with an automatically closing damper during the winter months 
then the heated air can also escape through the evaporative cooler 
itself. While automatically closing dampers are available on some 
evaporative cooler models, these may not completely eliminate 
the air leakage.

Special covers are now available which can be placed over the 
evaporative cooler’s ceiling outlets in winter to eliminate the air 
leakage through the louvers (and therefore the ductwork and 
evaporative cooler). It is important to ensure that the covers are 
suitable for the type and size of the ceiling outlets used with your 
evaporative cooling system. It may also be necessary to use caulking 
compounds to seal around the outside of the ceiling outlet. In addition, 
winter covers are available for some roof mounted evaporative 
coolers to reduce winter heat losses through the evaporative 
cooling unit.

EVAPORATIVE 
COOLING OUTLET

› Seal ceiling outlet in winter with a fitted cover
› Seal edge with Caulking Compound to create a tight seal

internal cover

caulking
compound ceiling outlet

Ceiling outlet cover

EVAPORATIVE
COOLING UNIT

› Fit a cover in winter over a roof mounted unit

Winter cover for roof mounted ducted evaporative cooler
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Reducing air leakage through exhaust fans

Wall and ceiling mounted exhaust fans are often used in bathroom, 
toilet and kitchen areas to expel warm moist air, smoke or odours 
from these areas when they are being used. Rangehood ventilation 
fans are used above the stove to vent moisture and cooking odours 
from the kitchen. In some cases these areas are directly heated 
during winter or heated air can enter these rooms. If the exhaust fans 
are not self-closing then heated air can escape through exhaust fan 
openings even when they are turned off.

If choosing a new or replacement exhaust fan, look for models 
which are self-closing. Special covers with self-closing dampers are 
available for existing ceiling exhaust fans. The air pressure created by 
the fan opens the damper when the exhaust fan is operating and the 
dampers close when the exhaust fan is switched off, reducing the air 
leakage. It is important to ensure that the covers are suitable for use 
with the existing ceiling exhaust fans. This is especially the case for 
ceiling exhaust fans which incorporate a light or heat lamp – in this 
case the manufacturer’s installation instructions should be followed 
carefully, so that the cover does not become too hot when the heat 
lamps and lighting are operating. This may require the wiring of the 
exhaust fan to be modified by an electrician so that the heat lamps 
only operate at the same time as the exhaust fan.	

EXHAUST
FAN

› Stop unwanted draughts 
 with automatic shutters or dampers

Self-closing wall mounted exhaust fan

CEILING EXHAUST
FAN COVER

› Stop unwanted draughts 
 with self closing dampers

'Draft stoppa’ type of product

Sealing permanently vented skylights

As hot air rises, unsealed (permanently vented) skylights can 
be a major source of heat loss and draughts in winter. In addition 
to escaping through the vent, heat can escape through the glass 
cover to the skylight.

As long as the skylight’s fixed ventilation is not required by 
regulation – e.g. the gas safety regulations relating to unflued gas 
heaters (see above) – these draughts can be significantly reduced 
by installing a clear plastic diffuser at the base of the skylight shaft, 
and sealing the edges of the diffuser. The edges of the skylight shaft 
should also be insulated to reduce heat losses through the shaft 
and into the roof space in winter.	

heat escapes
through vent

air loses heat
against glass

air falls to room
as a cold draught

BAD
(unsealed)

GOOD
(sealed)

warm 
air rises

warm air stays
in the room

insulation

roof
skylight

light shaft

transparent
di�user
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Installing dampers in chimneys

The chimneys used with open fireplaces are designed to extract air 
from the house, whether or not the fire is burning. This means that 
they can be a major source of air leakage and draughts in houses 
when they are not being used.

While many older houses have open wood fireplaces, these are 
generally not the main form of heating and are now only used 
occasionally, if at all. To improve occupant comfort and reduce 
heating bills it is therefore important that the chimneys are 
blocked off when the fireplace is not in use.

An unused fireplace can be permanently sealed. Where the fireplace 
is used occasionally tight fitting (but removable) screens can be fitted, 
or an operable chimney damper installed at the top of the chimney 
or in the throat of the chimney. This allows the chimney to be easily 
closed off when not in use and opened when the fireplace is in use.

Another option is to use a chimney balloon. These are made of 
rubber or heavy duty plastic and can be inflated to fill the throat 
of the chimney. While they are much cheaper than a permanent 
chimney damper, they are unlikely to last as long and they need 
to be deflated and removed, and then re-installed, every time the 
fireplace is used. The shape and size of the chimney balloon needs 
to be suitable for your chimney and for maximum effect they need 
to be installed correctly to obtain a good seal. They should only 
be installed when the chimney is cold.

CHIMNEY DAMPERS CHIMNEY BALLOONChimney dampers

Sealing an unused fireplace
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Draught sealing and ventilation
Some caution needs to be used when applying comprehensive 
draught sealing to houses.

While draughts can be uncomfortable and increase heating and 
cooling costs, a minimum level of ventilation is required in houses 
to maintain a healthy indoor environment. The natural air leakage 
rate of houses helps to remove water vapour and other internal air 
contaminants from the room air14. High levels of internal water vapour 
can lead to condensation problems in winter in Victoria’s climate, and 
the build-up of gases, toxins and pollutants can trigger respiratory 
health issues. Ventilation is also important for summer cooling – 
replacing hot air inside the house with cooler outside air, especially 
at night. [SEAV 2000, DoI 2013]

In all houses it is important to have controlled ventilation – operable 
windows, doors, vents, exhaust fans or hoods – which allow adequate 
ventilation to be provided where and when it is required. Heat 
recovery ventilation systems are also available. In winter, these draw 
in fresh air from outside and pass the air through a heat exchanger 
before it is blown inside the home. An equivalent volume of warm 
room air is expelled through the heat exchanger where it warms 
the incoming fresh air. These systems allow higher ventilation 
rates with reduced heat losses, but operate on electricity.

In houses which have high internal moisture loads – for example 
from flueless gas heating (or other flueless heaters15), large numbers 
of indoor plants, heated fish tanks, and poorly ventilated cooking, 
laundry and bathroom areas – a high level of draught sealing might 
lead to condensation problems and mould and mildew growth during 
winter, especially where the ceiling, walls and windows don’t have 
adequate thermal insulation. Adequate controlled ventilation should 
be provided for all cooking, bathroom and laundry areas, and any 
other areas with high moisture loads, to expel warm-moist air at 
its source when these areas are being used. [SEAV 2000, DoI 2013]

14	 This includes smoke, odours from cooking and toilet areas, products of 
combustion from heating and cooking (e.g. carbon dioxide, sulphur dioxide 
and nitrogen oxide), and fumes from paints and chemicals (e.g. volatile organic 
compounds (VOCs) and formaldehyde emissions from furniture, carpet, 
finishes and building materials) [DoI 2013].

15	 This could include gas cooktops and ovens, and kerosene heaters.

There are two types of condensation which can occur in Victorian 
homes during winter [DoI, 2013]:

›› Surface condensation

This occurs on any internal surface that is below the dew-point 
temperature of the air (which depends on the humidity and barometric 
pressure). It is most common on cold internal surfaces such as 
single-glazed windows, metal window frames, uninsulated ceilings, 
and on south-facing uninsulated walls, especially in areas with poor 
air circulation (e.g. behind large sofas or beds that are close to walls). 
Surface condensation can be minimised by increasing the temperature 
of internal surfaces through the use of insulation (ceilings and walls) 
and double-glazing (windows), providing adequate ventilation to 
remove moist air, and also through adequate internal heating.

›› Interstitial condensation

This results from the movement of water vapour through 
permeable building materials (such as plasterboard) via diffusion or 
air movement. The water vapour travels from the side with the high 
vapour pressure to the side with the low vapour pressure. In Victorian 
houses this is most likely to occur during winter, with the water vapour 
moving from inside the house to outside the house, where it can 
then condense on any cold surfaces which are below the dew-point. 
This can cause problems if the if the condensation occurs inside the 
wall cavity. In new houses this issue can be addressed through the use 
of appropriately designed vapour barriers, but it is difficult to address 
in an existing house unless internal wall linings are replaced16.

Note that special care needs to be taken in houses which have 
internal gas appliances, especially houses which have flueless gas 
heaters17, a gas appliance installed in a chimney or an open flued 
gas heater. All flueless gas appliances require a certain amount of 
fixed ventilation to expel the products of combustion from the home 
and operate safely. Open flued gas heaters – which draw combustion 
air from the room in which they are located – require an adequate 
supply of fresh room air to operate safely. Fixed ventilation openings 
required for flueless and open flued gas heaters must not be blocked. 
If you undertake draught sealing in your home and you have these 
types of heating, or other indoor gas appliance, e.g. internal open flued 
water heaters or ducted heaters, you should get a licensed gas fitter 
to check the safe operation of the appliances before they are used. It 
is recommended that you have your gas appliances serviced at least 
every 2 years. Energy Safe Victoria provides further information on 
the safe operation of gas appliances18.

16	 For a good discussion of the use of vapour barriers see [DoI, 2013]. In Victoria a 
vapour barrier would need to be placed between the internal wall lining and any 
wall insulation.

17	 These heaters do not have a flue and expel the products of combustion – 
mainly water vapour, carbon dioxide and nitrogen oxides – into the room air.

18	 For further information refer to Energy Safe Victoria’s website:  
http://www.esv.vic.gov.au/For-Consumers/Gas-and-electrical-safety-in-the-
home/Gas-safety-in-the-home 

http://www.esv.vic.gov.au/For-Consumers/Gas-and-electrical-safety-in-the-home/Gas-safety-in-the-home
http://www.esv.vic.gov.au/For-Consumers/Gas-and-electrical-safety-in-the-home/Gas-safety-in-the-home
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3. Results of the draught sealing retrofit trials

Housing Sample
Details of the 16 houses which participated in the Draught Sealing 
Retrofit Trial are shown in Table 3. Eight houses (DS1 to DS8) were 
selected from the houses which participated in the OGA study 
[SV 2015] and were retrofitted in 2011. The other eight houses (DS9 
to DS16) were retrofitted in 2012. The houses which were chosen 
were expected to have reasonably high air leakage rates and all used 

gas ducted heating as the main form of heating. The average natural 
air leakage rate of the houses was 1.80 ACH, slightly lower than the 
average found for all houses in the OGA study. The estimated annual 
gas use for heating was 64,938 MJ/Yr. This is slightly higher than 
the average gas use for gas ducted heating in the OGA study houses 
(61,190 MJ/Yr).

TABLE 3: DETAILS OF THE HOUSES WHICH PARTICIPATED IN THE DRAUGHT SEALING RETROFIT TRIAL

Initial Air Leakage 
Rate at 50 Pascals

Initial Natural Air 
Leakage Rate

House 
No.

Decade 
House 
Built

Construction Details* Volume 
(m3)

Heating 
Gas Use 
(MJ/Yr)

ACH50 m3/hr ACH m3/hr

DS1 1980s 1S detached, BV walls, ST floor 368 103,065 62.0 22,816 3.10 1,141

DS2 1980s 3S detached, BV + WB + CB 
walls, ST + CS floor

700 54,862 36.1 25,270 1.81 1,264

DS3 1970s 1S detached, BV walls, ST floor 489 68,192 30.9 15,110 1.55 756

DS4 1960s 1S detached, BV walls, ST floor 292 42,049 43.9 12,819 2.20 641

DS5 1950s + 
2000s

1S detached, WB walls, ST floor 445 68,731 39.0 17,355 1.95 868

DS6 1960s + 
2000s

1S detached, BV walls, ST floor 465 34,999 31.0 14,415 1.55 721

DS7 1980s 1S semi-detached, BV walls, 
ST floor

203 21,796 29.3 5,948 1.47 297

DS8 1990s 2S detached, BV + WB walls, 
ST floor

513 77,809 24.2 12,415 1.21 621

DS9 1940s 1S detached, WB walls, ST floor 443 49,655 44.2 19,572 2.21 979

DS10 1960s 1S detached, BV walls, ST floor 462 96,407 30.5 14,109 1.53 705

DS11 1970s 1S detached, BV walls, ST floor 302 19,859 34.1 10,307 1.71 515

DS12 1940s 1S detached, CB walls, ST floor 592 153,532 30.9 18,281 1.54 914

DS13 1980s 1S detached, BV walls, ST floor 374 66,315 25.1 9,372 1.25 469

DS14 1980s 1S detached, BV walls, ST floor 532 76,594 35.6 18,950 1.78 947

DS15 1960s 1S detached, BV walls, ST + 
CS floor

446 58,051 36.1 16,114 1.81 806

DS16 1970s 1S detached, BV walls, ST floor 252 47,090 43.7 11,000 2.18 550

Average 430 64,938 36.0 15,241 1.80 762

* S = storey; Walls: BV = brick veneer; WB = weatherboard; CB = cavity brick; Floors: ST = suspended timber; CS = concrete slab on ground.
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Impact of comprehensive draught sealing on air leakage
The 16 houses which participated in the Draught Sealing Retrofit Trial 
were progressively draught sealed and blower door tests conducted 
to measure the air leakage rate of the houses after each group of 
air sealing measures had been applied. In general the more straight 
forward draught sealing measures were used in this study. In some 
houses a higher level of air tightness could have been achieved, 
but more extensive carpentry work and greater cost would have 
been involved. The cost of undertaking the draught sealing retrofits, 
both the materials and labour costs, were recorded by Air Barrier 
Technologies – the retrofit measures were costed at commercial 
rates, and lower costs could be achieved if the draught sealing was 
undertaken as a DIY project19. Table 4 compares the initial natural 
air leakage rate of the houses with the final air leakage rates once 
all draught sealing measures had been applied, and shows the total 
cost of the retrofits for each house based on commercial rates.

19	 Based on the data provided by ABT we estimate that materials account for 
around 43% of the commercial cost of draught sealing, and labour for around 
57% of the cost.

The natural air leakage rate of the houses was reduced from an 
average of 1.80 ACH (or 762 m3/hr) to 0.83 ACH (342 m3/hr), or a 
reduction of around 54% for an average cost of $1,001. In most houses 
the draught sealing reduced the air leakage rate by around a half. 
It was not possible to achieve a natural air leakage rate of 0.5 ACH in 
any of the houses, with house DS8 (0.53 ACH) getting the closest. The 
OGA study analysis suggested that a 73% reduction in the air leakage 
rate – from 1.90 to 0.5 ACH – would be possible at an average cost of 
around $1,037. The Draught Sealing Retrofit Trial results suggest that 
while achieving this higher level of air tightness could be possible if 
more extensive draught sealing was applied, the average cost is likely 
to be higher than $1,037.

TABLE 4: IMPACT OF THE DRAUGHT SEALING RETROFITS ON AIR LEAKAGE RATES

Initial Natural Air 
Leakage Rate

Final Natural Air 
Leakage Rate

Reduction in Natural Air Leakage Rate

House 
No.

ACH m3/hr ACH m3/hr ACH m3/hr % Cost ($)

DS1 3.10 1,141 1.45 532 1.66 609 53% $828

DS2 1.81 1,264 0.70 487 1.11 777 61% $437

DS3 1.55 756 0.71 346 0.84 410 54% $1,160

DS4 2.20 641 1.06 310 1.14 331 52% $1,175

DS5 1.95 868 0.85 378 1.10 490 56% $1,250

DS6 1.55 721 0.66 305 0.90 416 58% $1,082

DS7 1.47 297 0.94 190 0.53 108 36% $737

DS8 1.21 621 0.53 269 0.69 351 57% $832

DS9 2.21 979 1.22 540 0.99 438 45% $810

DS10 1.53 705 0.57 264 0.96 442 63% $1,353

DS11 1.71 515 1.03 312 0.67 203 39% $1,004

DS12 1.54 914 0.71 421 0.83 493 54% $1,030

DS13 1.25 469 0.62 233 0.63 236 50% $938

DS14 1.78 947 0.75 400 1.03 547 58% $1,244

DS15 1.81 806 0.66 294 1.15 512 64% $1,371

DS16 2.18 550 0.79 199 1.39 351 64% $770

Average 1.80 762 0.83 342 0.97 420 54% $1,001
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Relative impact of different draught sealing measures
Blower door tests were conducted after each group of draught sealing 
measures was applied to each house. This meant that it was possible 
to determine the differential impact of each group of draught sealing 
measures, and allows a comparison of their effectiveness at reducing 
the air leakage rate. Table 5 shows the impact that the different 
type of air sealing measures had on reducing the total air leakage 
rate across all houses as well as their contribution to the total cost 

of the draught sealing retrofits. The measures have been ranked in 
descending order, based on their contribution to reducing the total air 
leakage across all houses. Figure 3 shows the relative contribution 
of the different measures to the overall reduction in air leakage rate 
– the number of houses in which each measure was applied is shown 
in the key to this figure. 

TABLE 5: RELATIVE IMPACT OF DIFFERENT DRAUGHT SEALING MEASURES ACROSS ALL HOUSES 20 21

Air Leakage Reduction Cost    

Draught sealing measure % of 
Houses 
Applied To

Total 
Reduction 
(m3/hr)

% of Total 
Reduction

Total Cost 
($)

% of Total 
Cost

$ per m3/hr

General caulking 87.5% 1,750 26.1% $4,947 30.9% $2.83

Evaporative cooler outlets 56.3% 1,343 20.0% $2,695 16.8% $2.01

Exhaust fans/vents 87.5% 1,040 15.5% $1,742 10.9% $1.67

Seal external door 68.8% 800 11.9% $1,891 11.8% $2.36

Seal wall vents 62.5% 447 6.7% $815 5.1% $1.82

Caulking heating/cooling16 50.0% 275 4.1% $731 4.6% $2.66

Combined17 12.5% 225 3.4% $637 4.0% $2.83

Seal chimney 18.8% 206 3.1% $241 1.5% $1.17

Seal larger gap or hole 25.0% 174 2.6% $223 1.4% $1.28

Seal louver window 6.3% 120 1.8% $66 0.4% $0.55

Seal downlights 43.8% 98 1.5% $1,287 8.0% $13.07

Seal windows 25.0% 67 1.0% $423 2.6% $6.30

Seal manhole cover 12.5% 52 0.8% $67 0.4% $1.31

Tape leaking ductwork 6.3% 43 0.6% $39 0.2% $0.91

Seal sliding door 12.5% 25 0.4% $106 0.7% $4.26

Caulk ceiling rose 6.3% 25 0.4% $69 0.4% $2.80

Seal plumbing penetrations 6.3% 23 0.3% $42 0.3% $1.81

Total 6,713 100.0% $16,021 100.0% $2.39

20	 This covered quite a wide range of activities, including sealing around air conditioners or heaters which penetrated wall cavities, caulking around return air grilles 
or outlets of gas ducted heating systems, and caulking around unused fireplaces.

21	 In a few houses multiple air sealing measures were undertaken between blower door tests – this included sealing downlights, exhaust fans, doors and caulking floors. 
This means that it is not possible to attribute the reduction in air leakage to a specific measure, so they have simply been included in a “combined” category.
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From Table 5 and Figure 3 it is evident that the top 5 draught 
sealing measures in terms of their effectiveness at reducing the 
air leakage rate across the houses which participated in this retrofit 
trial are: general caulking to seal cracks and gaps22 (26.1%); sealing 
evaporative cooler outlets (20.0%); sealing exhaust fans and vents 
(15.5%); sealing external doors (11.9%); and, sealing wall vents (6.7%). 
Collectively these were responsible for around 80% of the total air 
leakage reduction which was measured in the trial and for around 
76% of the total draught sealing costs.

FIGURE 3: IMPACT OF DIFFERENT AIR SEALING MEASURES ON 
REDUCING TOTAL AIR LEAKAGE ACROSS ALL HOUSES
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FIGURE 4: IMPACT OF DIFFERENT AIR SEALING MEASURES ON REDUCING 
AIR LEAKAGE ACROSS ALL HOUSES AND WHEN IMPLEMENTED

0%

5%

10%

15%

20%

25%

30%

35%

Im
pa

ct
 o

n 
Ai

r L
ea

ka
ge

 R
ed

uc
tio

n

% Total Reduction % Reduction when applied

The measures which had the highest impact on reducing the air 
leakage rate across all houses also tended to be those which could 
be applied in a high percentage of the houses, while the measures 
which were applicable to only a few houses tended to have a fairly 
low impact. However, comparing the impact of the measures across 
all houses obscures the impact that some of the less frequently 
implemented measures can have in certain circumstances. Figure 4 
provides a comparison of the relative impact of the different 

22	 This includes sealing around skirting boards, floor boards, door and window 
frames, architraves, cornices, inside and around cupboards, and joins between 
building elements.

draught sealing measures both in terms of their contribution to 
total air leakage reduction across all 16 houses and in terms of 
their contribution to air leakage reduction in those houses in which 
they were implemented. Covers for evaporative cooler outlets (35%), 
sealing louver windows (25%), sealing external doors (18%), sealing 
gaps and holes (11%), taping leaking ductwork (10%) and sealing 
plumbing penetrations (10%) are the individual measures which stand 
out as having an impact on air leakage reduction which is significantly 
higher in those houses where the measures are implemented 
compared to their impact across all houses.

FIGURE 5: RELATIVE COST FOR A 1 M3/HR REDUCTION IN AIR LEAKAGE, 
BROKEN DOWN BY MEASURE
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Average cost = $2.39 per m3/hr

Figure 5 provides an insight into the relative cost effectiveness of 
the different draught sealing measures. It gives a comparison of the 
average cost of reducing the natural air leakage rate by one cubic 
metre per hour, with the measures ranked in order of increasing cost. 
The lowest cost measures are sealing louver windows, taping leaking 
heating ductwork, sealing chimneys of open fireplaces, sealing gaps 
or holes, sealing manhole covers, sealing exhaust fans, wall vents and 
plumbing penetrations, sealing evaporative cooler outlets and sealing 
external doors. While general caulking provides the largest overall 
reduction in the air leakage rate across the houses it was slightly above 
average in terms of cost ($2.83 per m3/hr). This is due to the relatively 
labour intensive nature of the work required. Sealing sliding doors 
(which is more complicated than sealing a standard door), sealing 
windows and sealing downlights were the highest cost measures.

At an average cost of $13.07 per m3/hr sealing downlights using 
downlight covers was the most expensive measure in this trial. 
This was due partly to the cost of the covers, partly due to the 
relatively labour intensive nature of the installation work required – 
especially in those houses where it was necessary to access the roof 
space to install the covers – and partly due to the relatively small 
reduction in the air leakage rate which was achieved23. However, the 
installation of downlight covers can also allow ceiling insulation to be 
placed much closer to the downlight fittings and this can substantially 
improve the performance of a house’s ceiling insulation and result 
in additional heating and cooling energy savings. In most cases the 
energy saving from facilitating better ceiling insulation is likely to 
be greater than the energy saving from reducing air leakage24.

23	 This may have been because most of the downlights which were covered 
were fixed 12 volt halogen downlights, rather than gimbal 12 volt halogen 
downlights or the older style vented ‘downlight cans’ with incandescent light 
globes. The records kept during the trial do not allow us to distinguish between 
the type of the downlights installed.

24	 We will further explore this issue in a retrofit trial to be undertaken in 2015.
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As an alternative perspective on the relative effectiveness of different 
air sealing measures, in Table 6 we show the average reduction in air 
leakage rate which can be achieved for each ‘unit’ of draught sealing 
measure applied, as well as the average cost of each measure. From 
this it is evident that the  individual air sealing measures which can 
generate the biggest savings include sealing louver windows, taping 
leaking heating ductwork, sealing chimneys of open fireplaces, sealing 
external doors, sealing exhaust fans and vents, sealing plumbing 
penetrations, sealing evaporative cooler outlets and sealing larger 
gaps or holes.

TABLE 6: AVERAGE AIR LEAKAGE REDUCTION PER UNIT OF DRAUGHT SEALING MEASURE APPLIED 25

Draught sealing measure Unit Air leakage reduction per 
unit (m3/hr)

Cost per unit ($)

Seal louver window Per window 120.2 $66.0

Tape leaking ductwork Per duct system 42.8 $39.0

Seal chimney Per chimney 41.1 $48.2

Seal external door Per door 38.1 $90.1

Exhaust fans/vents Per fan/vent 28.1 $47.1

Seal plumbing penetrations Per instance 23.4 $42.4

Evaporative cooler outlet Per outlet 22.4 $44.9

Seal larger gap or hole Per instance 21.7 $27.9

Caulk heating/cooling Per instance 18.3 $48.7

Seal manhole cover Per cover 17.2 $22.4

Caulk ceiling rose Per rose 12.3 $34.4

Seal sliding door Per door 8.3 $35.3

Seal wall vents Per vent 3.7 $6.8

Combined Per measure implemented 3.3 $9.4

Seal windows Per window 2.7 $16.9

Seal downlights Per downlight 1.3 $16.7

General caulking21 Per metre 1.0 $2.8

25	 Note that the selection of a ‘unit’ as 1 meter of gap sealed is fairly arbitrary. On average there was around 106 metres of this type of sealing per house, which is why overall 
this measure had the largest impact on reducing the air leakage rate.
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Householder perceptions
Surveys were conducted before and after the draught sealing retrofits 
were undertaken to identify any changes in householder perceptions 
of the level of thermal comfort in their houses, the difficulty of heating 
the houses, and their perceptions of the level of draughts. The results 
of these surveys are summarised in Figure 6.

FIGURE 6: SUMMARY OF HOUSEHOLDER SURVEY RESULTS
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Overall the householders reported that the level of comfort of 
their houses increased after the draught sealing retrofits had been 
undertaken (from an average score of 3.3 to 4.2)26. This corresponded 
with a slight reduction in the difficulty of heating their homes 
(from an average score of 2.3 to 1.7)27 and a reasonably significant 
reduction in the perceived level of draughts (from an average score 
of 3.1 to 1.9)28.

Thermal comfort

All houses which participated in the study used gas ducted heating 
as the main form of heating, so not surprisingly all houses had a 
reasonable level of thermal comfort (average rating of 3.3) prior 
to the retrofits. Overall the retrofits resulted in an increase in the 
perceived level of comfort to an average rating of 4.2. Figure 7 plots 
the reduction in the natural air leakage rate of the houses against 
the change in their rating of the thermal comfort level. Three (18.8%) 
of the houses did not perceive any increase in thermal comfort 
following the retrofit. However, the majority of the households did 
perceive an increase in thermal comfort, and in general a higher 
level of air leakage reduction corresponded to a bigger increase 
in the thermal comfort rating.

26	 The level of winter comfort was ranked on a scale from 1 (extremely 
uncomfortable) to 5 (extremely comfortable).

27	 The difficulty of heating was ranked on a scale from 1 (small difficulty) to 5 
(extremely difficult).

28	 The level of draughts was ranked on a scale from 1 (small draughts) to 5 (very 
draughty).

FIGURE 7: CORRELATION OF THE REDUCTION IN AIR LEAKAGE 
WITH CHANGE IN THERMAL COMFORT RATING
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Comments on level of thermal comfort

Seems to be more comfortable than before and temperature 
across the house is more consistent. (DS9)

Comfort in some areas seems to have increased, and seems 
to hold more heat. (DS10)

There [were] quite a few draughts in the house and … [a] 
definite improvement has been noticed across the house. 
The [bedroom] area was quite cold and draughty and hard 
to heat. This area has improved a lot. The ceiling rose has 
been blocked up, which made a big difference. The windows 
have seals on them as well and they don’t rattle in windy 
conditions. (DS12)

A slight improvement has been noticed but nothing too vast. 
The [lounge] seems to hold its heat a bit better. Not a massive 
improvement but somewhat noticeable. (DS14)

Definite improvement has been noticed since the retrofit, 
particularly in the open plan areas. The [lounge] feels much 
better. Cannot feel draughts much at all. (DS16)

Above we provide a selection of comments from householders 
concerning the impact of the draught sealing retrofits on their level 
of thermal comfort. The improvement in thermal comfort was linked 
to a reduction in draughts, more consistent heating across the house, 
and the observation that the house now seemed to hold its heat better. 
In one house, the reduction in the rattling due to the installation of 
weather stripping on the widows was seen as a benefit.
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Difficulty heating

Most households which participated in the study had little difficulty 
heating their house. Again, this may be due to the fact that they 
all used gas ducted heating. Overall the houses reported that 
their houses were easier to heat after the retrofits (average rating 
decreased from 2.3 to 1.7), although 7 (43.8%) of the houses did not 
perceive any change in the difficulty of heating their house. A selection 
of comments from householders concerning the impact of the draught 
sealing retrofits on the difficulty of heating their homes is provided 
below. Where an improvement was noticed this was usually linked 
to areas of the house now being easier to heat or retaining their heat 
longer and rooms heating up more quickly. In one house the retrofit 
seems to have improved a problem with a “touchy” thermostat, 
perhaps because draughts caused fluctuations in the temperature 
of the air around the thermostat.

Comments on the difficulty of heating the home

[Before the retrofit the] thermostat was difficult to use and touchy. 
[After, the] issues with thermostat have reduced markedly – 
we are no longer constantly adjusting the setting. (DS1)

[It is a] small house so we find it easy to heat. [After the retrofits 
it] feels like [the] heater is not on as long as before. (DS7)

Place seems much easier to heat now. [The kitchen – meals 
area was] harder to heat than the overall house. [It is] easier 
to heat now. (DS9)

The front section [was] particularly hard to heat up in this 
house. [Now it] heats up better. (DS12)

[The] lounge and living areas [were] harder to heat up properly. 
[After the retrofits they] seem easier to keep warm. (DS13)

[Before the retrofits the house] heats up quickly and easily, but 
doesn’t seem to maintain heat very well. [After, the] house seems 
to hold heat better once the heater has been turned off. (DS16)

Level of Draughts

Most households which participated in the study perceived that there 
was a moderate level of draughts (average rating of 3.1) prior to the 
retrofits, and overall there was a significant reduction in the level of 
perceived draughtiness (to an average rating of 1.9). Figure 8 plots 
the reduction in the air leakage rate of the houses against the change 
in their rating of the level of draughts. Only one (6.3%) of the houses 
did not perceive any reduction in the level of draughts and this house 
had one of the lowest initial air leakage rates. The vast majority of the 
households did perceive a reduction in the level of draughts, and in 
general a higher level of air leakage reduction corresponded to a 
bigger decrease in the level of draughts rating.

FIGURE 8: CORRELATION OF THE REDUCTION IN AIR LEAKAGE WITH 
CHANGE IN DRAUGHT LEVEL RATING
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Comments on the level of draughts in the house

[The house] seems less draughty. There is a definite difference in the rear section of the house. [It] is easier to heat and keep warm, 
with less draughts coming in from the doors going out on to the backyard area. The toilet en suite in the bedroom is also warmer. (DS9)

[Before the retrofits the house was] very draughty close to windows and doors, floors also. [After], there has been a noticeable 
improvement, especially around the floor area. [It] feels like the house retains heat more effectively. The evaporative cooler covers 
are good. (DS10)

There [were] quite a few draughts in the house. You [could] feel them in many rooms. Not as many draughts are felt now.  
[It is] much better. [The bedroom area had] a lot of draughts in it. [There has been] a big improvement in this room especially. (DS12)

Improvements have been noticed in some areas. Draughts have been reduced [in the kitchen] since [the] retrofit.  
The [laundry] door has been sealed up which has reduced the level of draughts in this area. (DS13)

There has been an improvement, especially in some areas such as the laundry. [This was] cold and draughty due to the back door. 
The draughts around the back door have massively improved. Very happy with the evaporative cooler covers. (DS14)

[We] have noticed significant improvements in the level of draughts in the house. [The] house comes up to temperature faster and also 
seems to hold heat better. [It] does not get as cold overnight. [In the bedroom] draughts [were] coming from behind the cupboards. The 
retrofit team found that the cupboards were not totally finished off at the back. An improvement has been noticed since retrofit. (DS15)
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A selection of comments from the households which perceived a 
reduction in the level of draughts is provided above. In many cases the 
householders linked the reduction in draughts to particular areas of the 
house where there was a known source of draughts, e.g. external doors 
and windows, in-built cupboards with gaps in the back, and draughts 
at floor level. The evaporative cooler covers seem to have been well 
received – these were the second most important area overall for 
reducing draughts (20% of the total reduction) and had a fairly high 
level of air leakage reduction for each outlet sealed (22.4 m3/hr).

Issues

As part of the post-retrofit surveys, the houses retrofitted in 2012 
(DS9 to DS16) were specifically asked to comment on any issues 
which had been caused by the draught sealing retrofits. Some of the 
2011 houses (DS1 to DS8) also noted issues which had arisen in their 
responses to survey questions. Most households had no issues to 
report. The box below provides comments from the houses that did 
experience some issues.  Increased condensation or cooking smells 
hanging around for longer were noted in a few of the houses. In most 
cases this was not an issue and just required exhaust fans to be 
operated for longer. This highlights one of the key points made in 
Chapter 2, that draught sealing needs to be used in conjunction with 
adequate controlled ventilation. Another issue noted was that ceiling 
exhaust fans were now noisier, presumably do the higher resistance 
to air flow resulting from the installation of exhaust fan covers, 
although this was not seen as a problem. The issue of fluff sticking 
to the silicone filler used to seal gaps between skirting boards and the 
floor was noted in two of the houses – this could easily be addressed 
by the installer by making sure the area was adequately cleaned prior 
to the caulking being installed. 

Comments on issues which arose after the retrofits

The front door does not close properly - unsure if an issue with 
draught sealing or door has moved. [The installer] doesn’t think 
it is an issue with draught sealing. (DS4)

Fluff on the ground stuck to the skirting boards, and this is a little 
annoying. (DS10)

The exhaust fans in the bathroom sound louder when they are 
operating. They still function OK but just seem louder. Maybe the 
covers amplify the sound a bit? (DS11)

The steam hangs around in [the bathroom] a lot more now. 
Need to run exhaust fan for longer. [It is] not a problem but just 
need to make sure the exhaust fan is run for longer. (DS12)

[We] have become more aware of previous draughts that we 
did not really know were there. This is not really a problem, 
but cooking smells do hang around for longer. (DS13)

Condensation has seemed to get a bit worse in the bedroom. 
[The en suite bathroom] seems much tighter and when 
showering the condensation seems to be much worse since the 
retrofit. Need to run fan much longer in response. [In the] central 
living [area there] seems to be a bit more condensation on the 
windows here in the morning, but not a massive amount. (DS14)

Cooking smells linger for longer. There is some dust that has 
stuck to the silicone around skirting boards. It would have been 
good to clean this before the retrofit took place. (DS15)
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Economics of retrofitting
Implementing draught sealing measures in the 16 houses which 
participated in the Draught Sealing Retrofit Trials has roughly halved 
the air leakage rate of the houses. The householders have experienced 
this as a reduction in the level of draughts, an increase in the thermal 
comfort of their houses and reduction in the difficulty of heating the 
houses. Some houses also reported a reduction in the time that it 
takes to bring their houses up to a comfortable temperature when 
the heating is switched on and/or that their houses now retain 
heat for longer after the heating is switched off. By reducing the 
leakage of warm air from the houses when the heating is operating 
and the infiltration of cold outside air, the draught sealing was also 
expected to lead to heating energy savings, and therefore reduced 
heating costs.

All houses which participated in the study used gas ducted (or central) 
heating as their main form of heating. The annual gas use for heating 
the houses, estimated from their previous gas bills, is shown in Table 
3 above. In addition to this the gas ducted heating systems consume 
a significant amount of electricity when they are operating, mainly 
to operate the air circulation fan and combustion air fan – typically 
the electricity consumption of the heaters is around 2% of the 
gas consumption, and is often in the range of 1 to 4 kWh per day29 
during the main winter heating months.

29	  The estimated electricity use as a percentage of gas consumption is based on 
laboratory testing of gas ducted heaters undertaken for the Equipment Energy 
Efficiency Program [E3, 2008]. The typical daily electricity consumption of gas 
ducted heaters is based on monitoring undertaken for the Retrofit Trials.

TABLE 7: ESTIMATED ENERGY BILL SAVINGS FOR HOUSES RETROFITTED IN 2011, BASED ON OGA STUDY DATA 30 31 32

OGA Study Draught Sealing Retrofit Trial 

House Gas 
Heating 
Energy 
(MJ/Yr)

Modelled 
Air 
Leakage 
Reduction 
(ACH)

Est. 
Heating 
Energy 
Saving 
(%)

Actual Air 
Leakage 
Reduction 
(ACH)

Est. 
Heating 
Energy 
Saving26 

(%)

Est. 
Energy 
Bill 
Saving27 
($/yr)

Cost ($) Payback28 

(Yrs)

DS1 103,065 3.79 29.8% 1.66 13.0% $255.6 $828 3.2

DS2 54,862 2.17 25.2% 1.11 12.9% $134.8 $437 3.2

DS3 68,192 0.66 9.3% 0.84 11.8% $153.3 $1,160 7.6

DS4 42,049 2.00 27.8% 1.14 15.8% $126.4 $1,175 9.3

DS5 68,731 1.65 21.5% 1.10 14.3% $187.7 $1,250 6.7

DS6 34,999 2.21 32.9% 0.90 13.3% $88.9 $1,082 12.2

DS7 21,796 1.27 21.3% 0.53 8.9% $36.9 $737 20.0

DS8 77,809 1.41 30.1% 0.69 14.6% $216.8 $832 3.8

Average 58,938 1.90 24.7% 0.99 13.1% $150.1 $938 6.2

30	 The estimated heating energy saving, expressed as a % of total heating energy use, is based on the ratio of the actual ACH reduction and the ACH reduction modelled 
in the OGA study, multiplied by the heating energy saving from draught sealing estimated in the OGA study.

31	 The gas saving is based on the heating energy saving multiplied by the estimated annual gas heating energy use and the electricity saving is assumed to be 2% of this. 
The bill saving is based on a gas tariff of 1.75 c/MJ and an electricity tariff of 28 c/kWh.

32	 The average payback is a “stock average” and is the average retrofit cost divided by the average annual energy bill saving. This is lower than the arithmetic average 
of the paybacks in the individual houses.
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The reduction in the air leakage rate which was achieved by the 
retrofits in each house, as well as the (commercial) cost of the draught 
sealing retrofits is provided in Table 4 above. As part of the study we 
undertook an analysis to estimate the annual energy savings which 
were achieved from the retrofits, and therefore the annual energy 
bill savings and the payback period for the investment made in the 
draught sealing retrofits.

The houses which were retrofitted in 2011 (DS1 to DS8) were 
recruited from houses which had participated in Sustainability 
Victoria’s On-Ground Assessment study. This meant that for these 
houses we had previously undertaken modelling using the FirstRate 
5 thermal modelling program to estimate the reduction in heating 
energy use which could be achieved if these houses had their natural 
air leakage rates reduced to only 0.5 ACH. We have used this analysis 
to estimate the energy savings achieved based on the actual reduction 
in the air leakage rate which was measured for the houses during 
the Draught Sealing Retrofit Trials. The results of this analysis are 
presented in Table 7 above. Based on the OGA study data and the air 
actual leakage reduction achieved in the Draught Sealing Retrofit 
Trials, we estimate that an average heating energy saving of 13.1% 
was achieved across these houses, leading to average annual energy 
bill savings of $150.1 per year on current energy tariffs. Based on an 
average retrofit cost of $938, this gives an average payback across the 
eight 2011 houses of 6.2 years33, quite similar to the average payback 
estimated in the OGA study (6.6 years). However, if we consider only 
those houses which had gas ducted heating in the OGA study the 
average energy bill saving estimated in the study was $244.0 per year 
for an average payback of 4.8 years. The lower average energy bill 
saving and higher average payback for the Retrofit Trial is due to the 
fact that it was not possible to reduce the natural air leakage rate 
to 0.5 ACH in practice using the draught sealing measures employed 
in the Trial.

As part of the Draught Sealing Retrofit Trials we sought to more 
directly estimate the energy savings which were achieved from the 
draught sealing retrofits, by monitoring the energy use of the heating, 
and internal and external temperatures, for around a month before 
and after the retrofits were undertaken. The electricity consumption 
of the gas ducted heaters in the houses was monitored using a 
plug-in power meter/logger. In addition to allowing an estimate 
of the electricity savings achieved by the retrofits to be made, it 
was assumed that the electricity consumption of the gas ducted 
heaters was a reasonable proxy for the gas consumption and would 
therefore allow an estimate of the gas saving to be made – if there 
was a 10% reduction in electricity use, it was assumed that this 
would correspond to a 10% reduction in gas use. The existence of 
a linear relationship between the electricity and gas consumption 
of gas ducted heaters has been confirmed in a number of retrofit 
trials where both the electricity and gas consumption of the heaters 
was monitored.

33	 If the draught sealing retrofits were undertaken as a DIY project, we estimate 
that the average cost would have been $403 and the payback period 2.7 years.

FIGURE 9: METER DATA FOR HOUSE DS15, 16 JULY, 2012
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The meters installed on the electricity supply to the gas ducted 
heaters were set to measure the average electricity use over each 
1 minute interval throughout the day. In addition to allowing the 
daily electricity consumption of the heaters to be calculated34 this 
enabled us to identify those times of the day that the heater was 
operating to heat the house. Gas ducted heaters are operated by a 
thermostat. When switched on both the gas burner and air circulation 
fan operate to heat air and circulate the heated air through the house 
via the ductwork. Once the internal air temperature has reached 
the thermostat setting, the gas burner and air circulation fan switch 
off, and will remain off until the internal air temperature falls below 
the thermostat setting by a certain amount35. When operating, the 
gas ducted heater will cycle on and off to maintain the internal 
temperature at the thermostat setting.

In addition to monitoring the electricity use of the gas ducted 
heaters, small stand-alone temperature loggers were used to record 
the outside temperature (1 logger) and the inside temperature 
(3 to 4 loggers) in the heated areas of the house. The loggers 
were set to measure the average temperature over a 10 minute 
interval throughout the day. The data from the internal temperature 
loggers was averaged to produce an estimate of the average 
temperature in the heated areas of the house. This allowed us to 
obtain an understanding of the temperatures that the house was 
being heated to when the heater was operating. Combined with 
the outside temperature data, this also allowed us to calculate the 
average temperature difference between the inside and outside 
of the house when the heater was operating. This temperature 
difference is related to the heating load (or amount of heating) 
that the heater has to satisfy to achieve the observed internal 
temperatures. When the temperature difference is higher the rate 
of heat loss from the house is higher, and so the larger the heat 
output required from the heater to maintain the thermostat setting.

An example of the data collected is provided in Figure 9. The graphs 
show the data collected by the meters throughout the day for House 
DS15 on 6 July 2012, with the time during which the gas ducted 
heater was operating indicated by yellow shading. The first graph 
shows the electricity consumption of the gas ducted heater. In this 
case the heater has an electrical power consumption of around 520 
Watts when it is operating and an electrical power consumption of 
around 6.3 Watts when it is in standby mode. The heater operated 
(cycled on and off) for a total of 15.8 hours on this day, with the heater 
fan operating for a total of 7.9 hours during this period. The daily 
electricity consumption of the heater was 3.03 kWh, with 2.93 kWh 
of this consumed when the fan was operating. The second graph 
shows the average temperature in the heated areas of the home. 
It appears that the thermostat was set to around 17ºC on this day, 
with the internal temperature cycling around this point as the gas 
ducted heater cycles on and off. The final graph shows the average 
temperature between the inside of the house and outside. The average 
temperature difference during the time that the heater was operating 
was 4.8ºC. The largest temperature difference occurred in the 
morning and evening, when the outside temperatures were lower.

34	 The data was used to estimate both the total daily electricity consumption of the 
heaters in kWh, and also to estimate the daily electricity consumption during 
those times that the heater fan was operating. Even when gas ducted heaters 
are not operating they consume a small amount of electricity as standby power, 
typically in the range of 3 to 10 Watts.

35	  This is simplified explanation of how the gas ducted heater works. In practice 
the gas burner usually comes on before the air circulation fan to heat the heat 
exchanger, and the air circulation fan starts to operate once the heated air in 
the gas furnace has reached an adequate temperature. At the end of the heating 
cycle the gas burner switches off, but the air circulation fan will continue to 
operate for a short time to extract heat from the heat exchanger.

The monitoring results for all houses which participated in the Draught 
Sealing Retrofit Trial are summarised in Appendix A5. The average 
results for the pre-retrofit and post-retrofit monitoring period are 
provided for each house for internal and external temperatures, 
temperature difference and for the gas ducted heater electricity 
consumption. The daily electricity use of the gas ducted heater when 
operating is also shown plotted against the outside temperature.

The ‘raw’ results for the Draught Sealing Retrofit Trial are provided 
in Table 8.  This shows the average temperature difference when 
heating, average heater operating time and average heater electricity 
consumption before and after the retrofits, on those days on which the 
heater was operated. Taken on face value, this data suggests that an 
average heating energy saving of 11.2% was achieved across the 16 
houses which participated in the trial. However, some caution needs to be 
used when interpreting this result as it is influenced by a range of factors:

›› In general the outside temperatures during the pre-retrofit period 
were lower than during the post-retrofit period, meaning that there 
was less need for heating during the post-retrofit period. This could 
result in the heater operating for less time after the retrofits and/
or the temperature difference between inside and outside the house 
being lower when the heater was operating, meaning that the heat 
output required from the heater was lower. In both cases this would 
mean that heater energy use was lower after the retrofits than 
before even if the draught sealing retrofits had not been undertaken. 
This was especially the case for the houses retrofitted in 2011 (DS1 
to DS8), where the monitoring was mainly undertaken from late July 
to September36 and most retrofits undertaken in August;

›› The way in which the heating was operated could change between 
the pre- and post-retrofit period. The times of day at which the 
heaters are operated could change, the heating could be operated 
for longer or shorter periods each day during the post-retrofit period 
due to changes in house occupancy patterns, or the thermostat 
settings used after the retrofits could be different to those used 
before – in this case there could be either an increase or a decrease 
in the usual thermostat settings. These changes in user behaviour 
have implications for the time that the heater operates and/or 
the temperature difference during the times the heater operates, 
both of which can affect the energy consumption of the heater. 
Coupled with the relatively short pre- and post-retrofit monitoring 
period they mean that the ‘raw’ results are not necessarily a good 
guide to the energy savings being achieved in practice.

36	 The meters were installed in early June, but logistical delays meant that the 
retrofits were not undertaken until August and the meters were left in place for 
longer than was intended. As the power meters had a data storage capacity of 
only 3 months, this lead to the first month of data being overwritten.
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TABLE 8: RAW MONITORING RESULTS, BEFORE AND AFTER RETROFIT

Weighted Av. Temperature 
Difference when Heating (oC)

Av. Heater Operating Time 
(hrs/day)

Av. Electricity Use of Heater 
when Operating  (kWh/day)

House Before After % 
Change

Before After % 
Change

Before After % 
Change

DS1 6.50 6.45 -0.8% 13.64 9.69 -29.0% 1.87 1.14 -39.0%

DS2 6.46 6.81 5.5% 8.45 7.71 -8.8% 2.40 2.26 -5.9%

DS3 7.31 6.70 -8.4% 10.48 7.01 -33.1% 2.60 1.80 -30.9%

DS4 6.75 7.77 15.1% 4.92 5.05 2.7% 0.82 0.96 16.3%

DS5 7.11 6.80 -4.3% 8.22 6.31 -23.3% 2.61 1.90 -27.1%

DS6 5.91 6.29 6.5% 4.93 3.81 -22.7% 0.99 0.75 -23.6%

DS7 7.00 6.51 -7.0% 3.98 7.38 85.6% 0.52 0.73 38.8%

DS8 6.85 6.38 -6.8% 10.95 7.43 -32.2% 2.06 1.42 -31.2%

DS9 6.28 6.10 -2.7% 16.46 16.15 -1.9% 3.04 2.82 -7.4%

DS10 9.50 9.42 -0.8% 18.87 19.04 0.9% 4.30 4.18 -3.0%

DS11 7.19 7.41 3.2% 5.51 6.43 16.7% 1.17 1.25 7.1%

DS12 6.94 6.68 -3.8% 12.71 12.32 -3.0% 7.15 6.69 -6.4%

DS13 8.09 7.89 -2.5% 13.20 12.10 -8.4% 3.10 2.59 -16.3%

DS14 6.74 7.06 4.8% 11.24 8.89 -20.9% 4.01 3.39 -15.6%

DS15 6.37 6.62 3.8% 14.22 15.13 6.4% 3.33 3.57 7.3%

DS16 9.46 9.17 3.1% 8.92 8.96 0.5% 1.80 1.65 -8.5%

Av. (stock) 7.15 7.13 -0.3% 10.4 9.6 -8.0% 2.6 2.3 -11.2%

An inspection of the data in Table 8 shows that for some houses 
the heater electricity use increased after the draught sealing retrofits 
had been undertaken:

›› In house DS4 the electricity use increased by 16.3%. This seems 
to have been due mainly to the fact that the temperature difference 
was significantly higher (15.1%) during those periods when the 
heater was operated; it was colder in the morning and at night 
time when the heater was operating after the retrofit37;

›› In house DS7 the electricity use increased by 38.8%. This was largely 
due to a significant increase in the operating time of the heater 
(85.6%) after the retrofit, partly due to an increased thermostat 
setting and increased use of the heating during early morning hours. 
It is relevant to note that this house had the lowest daily operating 
time of the heater and one of the lowest annual gas uses for 
heating, only 21,796 MJ/year. The use of the heater changed quite 
significantly from day-to-day during the monitoring period;

›› In house DS11 the electricity use increased by 7.1%. This seems to 
have been mainly due to an increase in the temperature difference 
when the heater was operating (3.2%), due to colder night time 
temperatures after the retrofit;

37	 See Appendix 4 for further details of the average external and internal 
temperature profiles, temperature difference and operating profile of the gas 
ducted heater before and after the retrofits.

›› In house DS15 the electricity use increased by 7.3%. Again this 
seems to have been mainly due to an increase in the temperature 
difference (3.8%).

The raw data collected during the Draught Sealing Retrofit Trials was 
further analysed to obtain a more accurate estimate of the energy 
savings achieved. The methodology used seeks to estimate the 
“technical” energy saving which was achieved at each house. This is 
the energy saving which is independent of the climatic conditions in the 
pre- and post-retrofit periods, and independent of user behaviour, for 
example, whether or not the heater is run for shorter or longer periods 
and whether or not the thermostat settings are increased or decreased.

The analysis methodology employed was based on advice provided 
by Energy Efficient Strategies (EES)38 and sought to estimate the 
average power consumption of the heater during times of steady state 
operation, when the heater was cycling on and off. 

38	 EES were provided with data files for a number of houses which participated 
in draught sealing, wall insulation and gas heating ductwork retrofit trials 
and asked to provide advice on the best metric to use to identify the technical 
savings and the methodology to derive this metric.
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The approach used was to manually isolate sections of data when the 
heater was cycling on and off in a relatively uniform manner and the 
internal and external temperature profiles indicated that the heater 
was displaying steady state operation. In this case the temperature 
difference profile is fairly flat and tends to oscillate around a certain 
value39. These packets of data were analysed to calculate the 
average electrical power consumption of the heater and the average 
temperature difference during this time. The data points were plotted 
on a scatter diagram and a liner regression analysis (with intercept 
set to zero) used to calculate the slope of the line of best fit for the 
data sets before and after the retrofit was undertaken. A comparison 
of the slope of the two lines was then used to estimate the technical 
energy saving achieved. A lower slope after the retrofits indicates that 
an energy saving has been achieved, as the average heater power 
consumption is lower for the same temperature difference.

This approach seems to work best when the heating is operating for 
relatively long periods each day at a constant thermostat setting and 
displays cycling behaviour. It is also necessary to have enough data 
points for both the pre- and post-retrofit periods to allow a useful 
comparison to be made. In some cases the heating is only operated for 
short bursts  each day and the heater either does not display any cycling 
behaviour or only cycles for a short period – generally a period of cycling 
of at least 2 hours is necessary to obtain a useful data point. Packets of 
data that were shorter than this were eliminated from the analysis.

An example of the type of graph obtained is shown in Figure 10, and 
the graphs for all houses are provided in Appendix A4. In this example 
the estimated energy saving resulting from the draught sealing 
retrofit is 13.2%40.

As noted previously we are using the electricity consumption of the 
gas ducted heater as a proxy for the gas consumption of the heater, 
so in Figure 10 the average heater electrical power consumption 
over the heating period analysed (measured in Watts) is a proxy 
for the average gas consumption rate of the heater over this period 
(measured in MJ/hr). This gas consumption rate is, in turn, directly 
related to the rate of heat output of the heater.

FIGURE 10: SCATTER DIAGRAMS FOR HOUSE DS15

y = 32.995x

y = 28.642x

0

50

100

150

200

250

300

350

400

0 2 4 6 8 10 12 14

Av
 H

ea
te

r E
le

c 
Po

w
er

 C
on

su
m

pt
io

n 
(W

at
ts

)

Av. Temp Difference (oC)

Before

After

Linear (Before)

Linear (After)

39	 In the example provided in Figure 9 this would correspond to the period from 
around 18:40 to 22:00 in the evening.

40	 The estimated saving is = [1 – (28.642/32.995)] x 100%

When operating under steady state conditions, the average rate of 
heat output from the heater should equal the average rate of heat 
loss from the house. As the temperature difference between inside 
and outside the house increases, the rate of heat loss from the house 
increases and the heater needs to provide more heat energy to 
achieve the same internal temperature setting, increasing the rate 
of energy consumption (or power consumption) of the heater over 
the heating period. Similarly if the temperature difference decreases 
the rate of heat loss decreases, decreasing the rate of energy 
consumption (or power consumption) required of the heater over 
the heating period. When the temperature difference is zero, the heat 
losses will be zero, and therefore no heat input is required from the 
heater. As is evident from Figure 10, a given temperature difference 
does not always correspond to the same average heater power 
consumption (or rate of heat output) – this is likely to be due mainly 
to different wind conditions41 on different days and also changes in 
user behaviour (eg having some windows or doors open, closing off 
some heating vents, changing heater settings) on different days.

Implementing draught sealing measures at a house makes the building 
shell more energy efficient by reducing the rate of air leakage from the 
house. For given climatic conditions and a given temperature difference 
this should reduce the rate of heat loss, and therefore the rate of heat 
output required from the heater during the cooler months. The slope 
of the lines of best fit on the scatter diagrams is equal to the average 
heater power consumption for a 1ºC temperature difference, and 
should therefore be lower following the draught sealing retrofits. 
Thus, the slope of the lines of best fit before and after the retrofit can be 
used to estimate the technical energy saving achieved by the retrofits.

The results of applying this methodology to all houses are provided in 
Table 9. This shows the estimated annual gas energy use for heating 
prior to the retrofits, the estimated “technical” heating energy saving, 
the estimated annual gas and electricity savings and resulting annual 
energy bill saving42, retrofit cost and payback.

41	 The wind speed can impact on the rate of heat loss from a house. The higher 
the wind speed the higher the general heat loss from building surfaces. Also, 
higher wind speeds will increase the pressure differential across the building 
and increase the air leakage rate of the houses. We did not collect any data on 
wind speed or pressure differential as part of the Retrofit Trial. Factors such 
as humidity levels and amount of daily sunshine will also impact on the rate 
of heat loss from the house.

42	 The bill saving is  based on a natural gas tariff of 1.75 c/MJ and an electricity 
tariff of 28 c/kWh.



29

REPORT  Draught Sealing Retrofit Trial

TABLE 9: ESTIMATED TECHNICAL SAVINGS FOR THE DRAUGHT SEALING RETROFIT TRIAL HOUSES 43

House No. Gas Heating 
Use (MJ/Yr)

Est. Heating 
Energy 
Saving

Est. Gas 
Saving 
(MJ/Yr)

Est. Elec. 
Saving 
(kWh/Yr)

Est. Energy 
Saving ($/Yr)

Retrofit 
Cost ($)

Payback 
(Yrs)

DS1 103,065 15.0% 15,459 66.3 $289 $828 2.9

DS2 54,862 -11.3% -6,216 -67.7 -$128 $437 -3.4

DS3 68,192 13.1% 8,930 77.7 $178 $1,160 6.5

DS4 42,049 16.2% 6,812 22.5 $126 $1,175 9.4

DS5 68,731 0.6% 394 3.4 $8 $1,250 159.4

DS6 34,999 14.1% 4,940 30.2 $95 $1,082 11.4

DS7 21,796 11.7% 2,553 12.7 $48 $737 15.3

DS8 77,809 12.6% 9,838 60.7 $189 $832 4.4

DS9 49,655 3.0% 1,499 16.6 $31 $810 26.2

DS10 96,407 4.6% 4,406 35.6 $87 $1,353 15.5

DS11 19,859 6.7% 1,321 14.1 $27 $1,004 37.1

DS12 153,532 7.7% 11,811 84.6 $230 $1,030 4.5

DS13 66,315 13.2% 8,741 72.9 $173 $938 5.4

DS14 76,594 16.1% 12,301 116.8 $248 $1,244 5.0

DS15 58,051 13.2% 7,659 76.2 $155 $1,371 8.8

DS16 47,090 9.7% 4,567 31.6 $89 $770 8.7

Stock Av. – All 
houses

64,938 9.1% 5,938 40.9 $115 $1,001 8.7

Stock Av. – All 
except DS238

65,610 10.5% 6,749 48.1 $132 $1,039 7.5

43	 This shows the averages for all houses except DS2.

The average technical energy saving achieved across all houses was 
estimated to be 9.1%. This resulted in estimated average gas energy 
savings of 5,938 MJ/yr, average electricity savings of 40.9 kWh/yr, 
average energy bill savings of $115 per year and an average payback 
on the investment in draught sealing of 8.7 years when the draught 
sealing is costed at commercial rates.

For house DS2 our analysis suggests that the technical saving was 
negative (-11.3%), although given the nature of the retrofit work 
undertaken it seems very unlikely that the energy efficiency of the 
house’s building shell would have decreased. It is likely that this 
anomalous result is due to shortcomings in the analysis methodology 
used. If house DS2 is excluded from the analysis the average technical 
energy savings are estimated to be 10.5%, resulting in an average 
gas saving of 6,749 MJ/yr, average electricity savings of 48.1 kWh/
yr, average energy savings of $132 per year for an average payback 
of 7.9 years. This level of energy saving would result in an average 

greenhouse emission saving of 437 kg/yr44. Note that in houses 
which have supplementary cooling (e.g. refrigerative air conditioning 
or evaporative cooling) we would expect a small additional energy 
saving during summer months and therefore a slight increase in the 
annual energy savings and a slight reduction in the overall payback. 
We have not attempted to estimate the cooling energy saving and 
expect the impact of including this additional energy saving across 
the sixteen houses to be quite small.

44	  Note that the saving of only 0.6% for house DS5 also seems quite low. 
The external temperature data collected for this house (located in McLeod) 
was corrupted, so external temperature data from another house (located 
in Eltham) was used, but was not a perfect match for the post-retrofit period. 
This may explain the anomalous result obtained for this house. If both DS2 
and DS5 are eliminated from the analysis the heating energy saving increases 
to 11.2%, the energy bill saving increases to $140 per year and the payback 
is reduced to 7.3 years.
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In the OGA study [SV 2015] for those houses which had gas ducted 
heating it was estimated that comprehensive draught sealing could 
give average gas energy savings of 12,661 MJ/yr, average greenhouse 
savings of 782 kg/yr, average energy bill savings of $244 and an 
average payback of 4.8 years. While the average cost of the draught 
sealing measures was similar - $1,163 (OGA study) vs $1,039 
(Retrofit Trial) – the savings which were achieved during the Retrofit 
Trial were significantly less than those estimated for the OGA study 
houses because in practice the draught sealing measures which 
could be implemented for around $1,000 were not able to reduce 
the air leakage rate to 0.5 ACH. For the Retrofit Trial houses the 
average natural air leakage rate was reduced from 1.80 to 0.83 ACH, 
a reduction of 0.97 ACH (54%), while for the OGA study houses it was 
assumed that the natural air leakage rate could be reduced to 0.50 
ACH from the initial average of 1.90 ACH, a reduction of 1.40 ACH (74%). 
If further draught sealing measures were applied to the Retrofit Trial 
houses it may indeed have been possible to reduce their air leakage 
rate to 0.5 ACH, although the average cost of achieving this higher 
level of air tightness would have been somewhat higher than $1,039.

It should also be remembered that in both the Retrofit Trial and 
the OGA study the draught sealing measures have been costed at 
commercial rates. Many draught sealing measures can be implemented 
by householders as a DIY project45 and this can substantially reduce 
the implementation cost. If the draught sealing was undertaken as 
a DIY project we estimate that the payback would be around 3.4 
years compared to 7.9 years at commercial rates.  Further, simple 
draught sealing measures can currently be implemented for free, or at 
a low cost, through Victoria’s Energy Saver Incentive program.

Impact on usage of heating
As part of the study we investigated whether the draught sealing 
retrofits had an impact on the way in which the households used their 
heating. In particular, we were interested to investigate whether or 
not there was a rebound effect associated with the comprehensive 
draught sealing retrofits. This is sometimes also called the take-back 
effect. Some economists argue that energy efficiency measures result 
in lower energy savings than expected (anywhere between 10 to 50% 
less), because consumers choose to take some of the energy savings 
as a higher level of energy service. For example the Productivity 
Commission’s report on its inquiry into energy efficiency [PC 2005] 
states that “energy efficiency makes energy appear cheaper relative 
to other items as less money is required to purchase the same energy 
services. Consequently, the household will tend to use more energy …”. 
In the context of draught sealing the presence of rebound would mean 
that householders chose to operate their heating for longer hours and/or 
operate their heating at a higher thermostat setting after the retrofits.

We have used data collected on the average daily internal temperature 
profile of the houses to gain an understanding of how people operated 
their heating before and after the retrofits. The combined average 
temperature profile of all 16 houses which participated in the Trial 
is provided in Figure 11. The temperature profile after the retrofits 
is quite a close match to the temperature profile before the retrofits, 
suggesting that on average there has been little change in household 
behaviour across the stock of 16 houses studied. In the early morning 
and from midday to early evening the temperature after the retrofit 
is slightly higher than the temperature before, although some of this 

45	 Applying draught arrestors and weather stripping to doors, weather stripping 
to windows, sealing wall vents, general caulking and installing chimney balloons 
are straight forward draught sealing measures. The data from ABT suggest that 
material costs account for around 43% of the cost of commercial draught sealing.

may be due to the warmer days which occurred in the latter part of the 
post-retrofit monitoring period. The average increase in temperature 
across the day was only 0.06ºC. If all this increase was all interpreted 
as being the impact of the rebound effect, this would correspond to 
a reduction in the expected saving of only 0.8% (based on an average 
temperature difference when heating of 7.15ºC before the retrofit).

FIGURE 11: AVERAGE DAILY INTERNAL TEMPERATURE PROFILE OF ALL 
RETROFIT TRIAL HOUSES
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Detailed data on the temperature profiles in the individual houses is 
provided in Appendix A5. A sustained increase in thermostat settings 
after the retrofits is evident in only two of the houses (DS7 and DS12). 
A sustained decrease in thermostat settings after the retrofits is 
evident in three houses (DS5, DS6 and DS8). In the other houses the 
temperature profiles before and after retrofit were either almost 
identical or displayed both increases and decreases across the day. 
So, while some change in behaviour seems to have taken place after 
the draught sealing retrofits in some houses, this change might have 
led to higher or lower energy use. The net effect is that little if any 
rebound effect is evident. This result is not entirely unexpected – all 
houses which participated in the Trial had gas ducted heating controlled 
by thermostat, and in the majority houses this heating was considered 
to be providing adequate heating prior to the retrofits. In most houses 
the daily operating routine for the heating was determined by the 
occupancy pattern of the household, and in some cases the daily 
operation of the heating was controlled by timer. This meant that 
there was often limited scope for heating behaviour to change.

Practical issues
As part of the Draught Sealing Retrofit Trials both MEFL and their 
draught sealing contractor ABT documented a range of issues relating 
to the different types of retrofits used. Below we have summarised the 
issues documented in the project reports [MEFL 2011, MEFL 2012].

Evaporative cooler outlet covers

Most evaporative cooler outlets (see Figure 12) have four removable 
square segments that have adjustable plastic louvers which are used 
to direct the cooled air around the room. These louvers can be closed 
during winter, but this does not form an airtight seal. In the 2011 trial 
removable Perspex covers were used to seal the evaporative cooler 
outlets. In the 2012 trial special made-to-order removable covers were 
used. These consisted of a meal collar that was attached to the border 
of the evaporative cooler outlet using double-sided tape. A plastic cover 
with a magnetic edge can then be clipped onto the metal collar so that 
the outlet can be covered during the winter months. 
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A number of companies are now offering this type of product on the 
market, although it is not widely available in retail outlets. Given that 
the sealing of evaporative cooler outlets was found to be one of the 
more significant draught sealing measures, wider availability of 
this type of product would be desirable. Further, it would be useful 
if evaporative cooler outlets were available which had built-in seals 
which could be activated during winter months to fully seal the outlet.

FIGURE 12: EVAPORATIVE COOLER OUTLET

Sealing chimneys

One straightforward approach to sealing a chimney is to install an 
inflatable chimney balloon. However, ABT reported that the chimney 
balloons available on the market in 2011 were limited in size, and 
that a good fit could not always be achieved. For the 2012 project  
ABT did not use chimney balloons but sealed most unused chimneys 
using a stiff plastic sheet (such as Coreflute) cut to size and inserted 
in the throat of the chimney. They found that this approach was as 
effective, easier and cheaper than chimney balloons. For some types 
of chimneys where the throat was too narrow to insert stiff plastic 
sheeting (see Figure 13) they found that it was possible to seal the 
movable metal cover shut and caulk around the outside.

FIGURE 13: UNUSED FIREPLACE WITH METAL COVER SEALED SHUT

Caulking of cracks and gaps

A significant amount of caulking was undertaken around skirting 
boards, window and door architraves, plumbing penetrations and 
wall junctions. Some householders complained that the skirting 
boards were not properly cleaned before the caulking was undertaken 
and that dust and fluff was stuck to the silicon gap filler after it dried. 
This issue can be easily rectified by properly cleaning any areas which 
need to be caulked before the caulking is installed.

Sealing of wall vents

It was found that wall vents could be effectively sealed with clear 
silicone gap filler, meaning that the vents did not have to be filled 
with plaster, which then requires touch-up painting to be undertaken. 
Some householders indicated that they did not want wall vents sealed 
if touch-up painting was required, but were happy to have the clear 
silicone used.  This approach was also found to be effective with 
decorative ceiling roses (see Figure 14).

FIGURE 14: DECORATIVE CEILING ROSE

Sealing of windows

In many of the 2011 retrofit trial houses the windows were found to 
be already quite well sealed, so there was little need to apply weather 
stripping to the windows. One house had double hung timber windows 
that were leaky but it was not possible to seal this window effectively 
with the weather stripping products available at the time and within 
the project budget46.

In 2012 ABT did not focus on weather stripping windows as a priority 
draught sealing measure. They reported that fitting window seals is 
generally difficult and time consuming and does not necessarily give 
a significant reduction in the air leakage rate. They had particular 
difficulties fitting weather stripping to windows with aluminium 
frames as the window weather stripping product they used did 
not adhere effectively to the frames.

46	  Sealing of double-hung sash windows is likely to require special products, 
and some specialist products/services are available. See for example  
http://www.sealasash.com.au/ 

http://www.sealasash.com.au/
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4. Summary and Conclusions

Summary
Through the Draught Sealing Retrofit Trials Sustainability Victoria 
investigated the comprehensive draught sealing of existing houses, 
that is, the application of a package of draught sealing measures to 
houses to substantially reduce their air leakage rate. Key reasons 
to investigate comprehensive draught sealing were that previous 
work undertaken by Sustainability Victoria [SV 2015] found that it 
has wide applicability across the existing Victorian housing stock, 
gives significant energy savings and is one of the more cost effective 
energy efficiency upgrade measures. From data collected during 
Sustainability Victoria’s OGA study we estimate that the average 
natural air leakage rate of pre-2005 Victorian houses is 1.90 air 
changes per hour. The data suggests that draughts account for around 
25% of winter heat loss from these houses due to warm air escaping 
from the houses, and around 12% of summer heat gains due to hot 
air infiltrating into the houses during the day [SV 2015].

The results from the OGA study [SV 2015] suggest that if 
comprehensive air sealing was applied to all pre-2005 houses 
to reduce their natural air leakage rate to 0.5 ACH, this would give 
total annual energy bill savings of around $288 Million per year, 
reduce total residential gas consumption by around 16% and total 
residential electricity consumption by around 1%, and result in 
reduced greenhouse gas emissions of around 900 kT/year.  Draught 
sealing is also an area where there have been few Australian studies, 
and little if any work which has quantified the air leakage reduction 
which is possible in practice or the relative impact of the various 
draught sealing measures which can be applied.

A total of 16 houses were recruited to participate in Sustainability 
Victoria’s Draught Sealing Retrofit Trial, which was run in two stages:- 
8 houses in 2011 and 8 houses in 2012. Blower door tests were used 
to measure the initial air leakage rate of the houses prior to retrofit, 
and then to measure the air leakage rate after each group of draught 
sealing measures was applied. In addition to this householder surveys, 
and metering of gas ducted heater electricity use and internal and 
external temperatures, were used to assess the qualitative and 
quantitative impacts of the comprehensive draught sealing upgrades.

The average natural air leakage rate of the houses which participated 
in the Draught Sealing Retrofit Trial was 1.80 air changes per hour 
(ACH) prior to retrofit, and this was reduced to an average of 0.83 
ACH (a reduction of 54%) after all draught sealing measures were 
implemented. The average cost of the retrofit work was $1,001 when 
costed at commercial rates. The householders experienced the draught 
sealing as a reduction in the level of perceived draughts, an increase 
in the thermal comfort of their houses and reduction in the difficulty 
of heating the houses. Some houses also reported a reduction in 
the time that it takes to bring their houses up to a comfortable 
temperature when the heating is switched on and/or that their 
houses now retain heat for longer after the heating is switched off.

The blower door tests conducted after each group of draught 
sealing measures was implemented allowed the relative impact 
of different types of measures to be assessed. The top five draught 
sealing measures in terms of their effectiveness at reducing the air 
leakage rate across the houses were: general caulking to seal cracks 
and gaps (26% of total air leakage reduction); using covers to seal 
evaporative cooler outlets (20.0%); sealing exhaust fans and vents 
(15.5%); sealing external doors (11.9%); and, sealing wall vents (6.7%). 
Collectively, these measures were responsible for around 80% of the 
total air leakage reduction which was measured in the Trial and for 
around 76% of the total draught sealing costs.

The impact of the different draught sealing measures on reducing 
the air leakage rate across the houses which participated in the trial 

was due partly to the applicability of the measures across the stock 
of houses and partly due to their impact on reducing air leakage when 
applied.  The most effective measures had both wide applicability and 
a significant impact when implemented. Some measures had a high 
impact in those houses in which they were implemented, but a lower 
impact across the stock of houses. Covers for evaporative cooler 
outlets (35% reduction in houses in which implemented), sealing 
louver windows (25%), sealing external doors (18%), sealing gaps 
and holes (11%), taping leaking ductwork (10%) and sealing plumbing 
penetrations (10%) were the individual measures which stood out as 
having an impact on air leakage reduction which is significantly higher 
in those houses where the measure was implemented compared to 
their impact across all houses.

While general caulking to seal cracks and gaps was found to 
provide the largest overall reduction in the air leakage rate across 
the houses, it was slightly above average in terms of the cost of air 
leakage reduction, as measured in dollars per cubic metre per hour 
($ per m3/hr). The lowest cost measures were found to be sealing 
louver windows, taping leaking heating ductwork, sealing chimneys 
of open fireplaces, sealing gaps or holes, sealing manhole covers, 
sealing exhaust fans, wall vents and plumbing penetrations, sealing 
evaporative cooler outlets and sealing external doors.

By reducing the leakage of warm air from the houses when the heating 
is operating and the infiltration of cold outside air, the draught sealing 
was also expected to lead to heating energy savings, and therefore 
reduced heating costs. Two approaches were used to estimate the 
energy savings which resulted from the draught sealing retrofits:

›› The houses retrofitted in 2011 had previously participated in SV’s 
On Ground Assessment study, meaning that for these houses we had 
thermal modelling estimates for the heating energy savings achieved 
when the natural air leakage rate was reduced to 0.5 ACH. This data, 
combined with the actual reduction in air leakage rate measured in 
the Retrofit Trial was used to estimate the heating energy savings for 
these houses. This suggested an average energy saving of 13.1%, an 
average energy bill reduction of $150 for an average investment of 
$938, or a stock average payback of 6.2 years47;

›› Metering data collected during the pre- and post-retrofit period for 
all 16 houses was analysed to obtain plots of the average heater 
electrical power consumption against the average temperature 
difference between inside and outside the house at times when 
the heating was operating under steady state conditions. Once 
one anomalous result was eliminated from the analysis this 
suggested an average “technical” heating energy saving of 10.5% 
across all houses, giving an average energy bill reduction of $132 
for an average investment of $1,039, or a stock average payback 
of 7.9 years48. The energy saving corresponded to average annual 
greenhouse savings of 437 kg/yr.

In both cases the annual energy and energy bill savings would 
have been slightly higher, due to the cooling energy savings 
achieved in those houses which used refrigerative or evaporative 
cooling during summer months. We did not attempt to estimate 
the cooling energy saving as part of the Retrofit Trial but expect 
that the impact of including this additional energy saving would 
be quite small across the sixteen houses.

47	 If undertaken as a DIY project we estimate that the average cost would be $403 
and the average payback 2.7 years.

48	 If undertaken as a DIY project we estimate that the average cost would be $447 
and the payback 3.4 years.
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Simple draught sealing measures are eligible for a subsidy under 
the Victorian Energy Saver Incentive. Where households are able 
to access this subsidy the costs, and therefore the paybacks, will 
be lower.

While the average retrofit cost was quite similar, the heating energy 
savings achieved in practice during the Retrofit Trial are somewhat 
lower than the energy savings estimated for the houses which 
participated in the OGA study which used gas ducted heating, and 
therefore the average payback was higher. This was mainly because 
in the OGA study it was assumed that the comprehensive air sealing 
could reduce the average natural air leakage rate to 0.5 ACH, while in 
practice it was found that at a commercial cost of around $1,000 the 
average natural air leakage rate could only be reduced to around 0.83 
ACH. If further draught sealing measures were applied to the Retrofit 
Trial houses it may indeed have been possible to reduce their natural 
air leakage rate to 0.5 ACH, although the average cost of achieving this 
level of air tightness would have been somewhat higher than $1,039.

As part of the study we collected internal temperature data to help 
assess the impact of the draught sealing retrofits on household 
behaviour. Some economists argue that a rebound effect exists, 
which in the context of draught sealing retrofits would mean that 
householders increased the operating time of the heater and/or 
increased thermostat settings after the retrofits, thereby reducing the 
energy savings achieved as some of the energy saving was taken up 
as increased thermal comfort. The average daily internal temperature 
profiles of the houses on days on which the heating was operating 
were compared before and after the retrofit. We found that the post-
retrofit temperature profile was a very close match for the pre-retrofit 
temperature profile, suggesting that little if any rebound effect was 
occurring. While there was some increase in the internal temperatures 
after the retrofit, this increase was very small - a net difference of 
0.06ºC compared to an average temperature difference when heating 
of 7.15ºC – and may not have all been due to user behaviour49. If the 
observed increase in temperature was all attributed to a rebound 
effect it would correspond to a rebound of only 0.8%. 

Householder surveys identified a number of issues which need 
to be addressed when draught sealing measures are implemented:

›› In some houses condensation increased in or around bathrooms, 
or cooking odours lingered for longer in kitchen areas, as the 
water vapour or cooking odours were not being vented as quickly 
by the natural air leakage of the houses. This was not perceived 
as a problem as such by householders, but meant that exhaust 
fans needed to be operated for longer. This highlights the fact that 
adequate ventilation needs to be provided when and where water 
vapour, cooking or other odours are produced;

›› In some houses dust and fluff stuck to the silicon gap sealers 
that were used to seal the gaps under skirting boards. This issue 
is easily addressed by ensuring the adequate cleaning of surfaces 
before such sealants are applied.

Feedback from the draught sealing contractor suggests that in some 
cases there are gaps in the availability and effectiveness of products. 
This includes the availability of effective weather stripping products 
for aluminium framed windows, low cost products for effectively 
sealing unused fireplaces, and the availability of products to seal 
evaporative cooler outlets during winter months.

49	 Some of the observed increase during the middle of the day may well have been 
due to the warmer weather which occurred during the post-retrofit period.

Conclusions
The Draught Sealing Retrofit Trial has shown that comprehensive 
air sealing is an effective strategy to reduce energy consumption 
in existing Victorian houses. It led to a significant (54%) reduction 
in the air leakage rate of the 16 houses studied for an average 
commercial cost of around $1,001, was perceived as an improvement 
by householders, and resulted in annual heating energy savings 
in the range of 11% to 13%. Estimated annual energy bill savings 
were in the range of $132 to $150 per annum, giving a payback 
on the investment in draught sealing in the range of 6.2 to 8.7 years. 
If some, or all, of the draught sealing was implemented as a DIY 
project the paybacks would be considerably lower (2.7 to 3.4 years), 
although a significant investment of householder time would be 
required for some measures.

Where households were able to access the subsidy available 
under the Victorian Energy Saver Incentive the cost of commercial 
installation would also be lower.

It should also be kept in mind that the energy savings and the payback 
periods are based on current energy tariffs. Electricity and gas prices 
have been increasing in real terms over the last decade and this 
increase seems likely to continue. Data from the Australian Energy 
Regulator suggests that residential electricity prices in Melbourne 
increased by 88% in real terms over the period 2006/07 to 2013/14 
and that residential gas prices increased by 45% in real terms over 
the same period50. Electricity prices are expected to remain relative 
flat in the short term while gas prices are expected to continue to 
increase. This means that over time the energy bill savings from 
undertaking draught proofing should increase in real terms and 
the payback period will decrease. 

The Trial found that the average natural air leakage rate of the 
houses could be reduced to only 0.83 ACH, still quite high by 
international standards. Modelling undertaken for SV’s On Ground 
Assessment study suggested that for an average investment of 
$1,037 the air leakage rate of existing houses could be reduced 
to 0.5 ACH (or a reduction of 73% from the initial air leakage rate 
of 1.90 ACH). The Draught Sealing Retrofit Trial focussed mainly on the 
straight forward retrofit measures, and did not include measures that 
required extensive carpentry work. In practice it may well be possible 
to reduce the air leakage rate of existing houses to only 0.5 ACH, 
but it is likely this would require an average investment somewhat 
higher than $1,037.

50	 State of the Energy Markets 2014, Australian Energy Regulator 2014. The original 
source for this data is ABS Consumer price index, cat. No 6401.0.
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APPENDICES

A1: Air leakage in the On-Ground Assessment Study Houses

House 
No.

Construction Characteristics Decade 
House 
Built

Volume 
(m3)

Air leakage 
@ 50 Pa 
(m3/hr)

ACH50 ACH

A1  - Single storey, detached

 - Brick Veneer

 - Suspended timber floor

1970s 521 12,087 23.2 1.16

A2  - Single storey, semi-detached

 - Weatherboard

 - Suspended timber floor

1910s 286 6,235 21.8 1.09

A3  - Single storey, detached

 - Brick Veneer

 - Suspended timber floor

1950s 521 17,818 34.2 1.71

A4  - Single storey, detached

 - Brick Veneer

 - Suspended timber floor

1970s 243 9,720 40.0 2

A5  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1950s 240 12,816 53.4 2.67

A6  - Single storey, semi-detached

 - Brick Veneer

 - Suspended timber floor

1960s 237 8,627 36.4 1.82

A7  - Single storey, semi-detached

 - Brick Cavity

 - Suspended timber floor / concrete slab on ground

1930s 430 12,298 28.6 1.43

A8  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1910s 565 12,882 22.8 1.14

A9  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1900s 533 9,274 17.4 0.87

A10  - Single storey, detached

 - Brick Veneer

 - Suspended timber floor

1950s 272 9,139 33.6 1.68

A11  - Single storey, detached

 - Brick Veneer

 - Suspended timber floor

1970s 526 8,942 17.0 0.85

A12  - Single storey, detached

 - Weatherboard / cement sheeting

 - Suspended timber floor / concrete slab on ground

1930s 301 8,428 28.0 1.4

A13  - Double storey, detached

 - Brick veneer

 - Suspended timber floor

1960s 626 20,658 33.0 1.65
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House 
No.

Construction Characteristics Decade 
House 
Built

Volume 
(m3)

Air leakage 
@ 50 Pa 
(m3/hr)

ACH50 ACH

A14  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1940s 408 11,016 27.0 1.35

A15 - Single storey, detached

 - Brick cavity / brick veneer

 - Suspended timber floor / concrete slab on ground

1930s 554 10,858 19.6 0.98

B1  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1980s 368 31,574 85.8 4.29

B2  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1960s 
with 2000s 
extension

272 11,043 40.6 2.03

B3  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1960s 
with 2000s 
extension

465 25,203 54.2 2.71

B4  - Single storey, detached

 - Brick veneer

 - �Suspended timber floor in main house / concrete slab 
on ground in extension

1970s 
with 1990s 
extension

333 26,041 78.2 3.91

B5  - Single storey, detached

 - Brick veneer

 - Concrete slab on ground

1990s 455 8,554 18.8 0.94

B6  - Three storey, detached

 - �Brick veneer with some weatherboard and brick 
cavity

 - �Suspended timer floor in main house, concrete slab 
on ground in basement

1980s 700 37,380 53.4 2.67

B7  - Two storey, semi-detached

 - Brick veneer

 - Concrete slab on ground

2000s 266 5,958 22.4 1.12

B8  - Two storey, detached

 - Brick veneer with some weatherboard

 - Suspended timber floor

1990s 513 19,597 38.2 1.91

B9  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1980s 341 10,844 31.8 1.59

B10  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1950s 226 19,933 88.2 4.41

B11  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1950s 
with 2000s 
extension

445 19,135 43.0 2.15
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House 
No.

Construction Characteristics Decade 
House 
Built

Volume 
(m3)

Air leakage 
@ 50 Pa 
(m3/hr)

ACH50 ACH

B12  - Single storey, detached

 - Brick veneer

 - Concrete slab on ground

2000s 340 7,480 22.0 1.1

B13  - Single storey, detached

 - Brick cavity

 - Suspended timber floor

1920s 678 33,764.4 49.8 2.49

B14  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1950s 275 19,140 69.6 3.48

B15  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1980s 206 7,292 35.4 1.77

B16  - Two storey, semi-detached

 - Brick cavity

 - Concrete slab on ground

1980s 234 7,628 32.6 1.63

B17  - Single storey, detached

 - �Brick veneer with some weatherboard and brick cavity

 - Concrete slab on ground

1960s 
with 1980s 
extension

435 19,923 45.8 2.29

B18  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1960s 292 14,600 50.0 2.5

B19  - Single storey, detached

 - Brick veneer

 - Concrete slab on ground

1980s 254 7823 30.8 1.54

B20  - Single storey, detached

 - Weatherboard

 - �Suspended timber floor / concrete slab on ground 
in some areas

1950s 181 7,855 43.4 2.17

B21  - Single storey

 - Detached

 - Brick veneer

 - Concrete slab on ground

1990s 528 6,547 12.4 0.62

B22  - Single storey

 - Detached

 - Weatherboard

 - Suspended timber floor

1930s 260 4,940 19.0 0.95

B23  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1950s 580 19,024 32.8 1.64

B24  - Single storey, detached

 - Weatherboard

 - �Suspended timber floor / concrete slab on ground 
in rear extension

1980s 275 13,035 47.4 2.37
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House 
No.

Construction Characteristics Decade 
House 
Built

Volume 
(m3)

Air leakage 
@ 50 Pa 
(m3/hr)

ACH50 ACH

B25  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1990s 286 10,696 37.4 1.87

B26  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1960s 175 12,985 74.2 3.71

B27  - Single storey, detached

 - Brick veneer

 - Concrete slab on ground

1990s 517 6,618 12.8 0.64

B28  - Single storey, detached

 - Brick veneer

 - Concrete slab on ground

1980s 222 8,702 39.2 1.96

B29  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1980s 264 20,539 77.8 3.89

B30  - Single storey, detached

 - �Brick cavity with some brick veneer and fibre 
cement sheeting

 - Concrete slab on ground / suspended timber floor

1900s 
with 1930s 
& 1990s 
extensions

515 20,806 40.4 2.02

C1  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1910s 
with 1990s 
extension

702 23,862 34.0 1.70

C2  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1960s 284 12,550 44.2 2.21

C3  - Double storey, detached

 - Brick veneer

 - Suspended timber floor

1970s 
with 1980s 
extension

687 23,641 34.4 1.72

C4  - Single storey, detached

 - Brick veneer

 - Concrete slab on ground

1990s 231 7,478 32.4 1.62

C5  - Double storey, semi-detached

 - Brick veer with some cement sheeting

 - Concrete slab on ground

2000 - 
2005

356 9,000 25.3 1.26

C6  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1950s 
with 2010 
extension

285 10,941 38.4 1.92

C7  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1950s 214 9,746 45.5 2.27

C8  - Single storey, semi-detached

 - Brick veneer

 - Concrete slab on ground

1980s 234 11,252 48.1 2.41
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House 
No.

Construction Characteristics Decade 
House 
Built

Volume 
(m3)

Air leakage 
@ 50 Pa 
(m3/hr)

ACH50 ACH

C9  - Single storey, detached

 - Brick cavity

 - Suspended timber floor

1940s 
with 1980s 
extension

285 13,504 47.4 2.37

C10  - Single storey, semi-detached

 - Brick Veneer

 - Suspended timber floor

1960s 173 7,075 40.9 2.05

C11  - Single storey, detached

 - �Brick cavity with some concrete block and framed 
walls in extension

 - Suspended timber floor

1940s 
with 2008 
extension

626 14,047 22.4 1.12

C12  - Single storey, detached

 - Weatherboard

 - Suspended timber floor

1950s 
with 1980s 
extension

334 7,399 22.2 1.11

C13  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1980s 272 7,191 26.5 1.32

C14  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1960s 
with 2009 
extension

302 7,700 25.5 1.27

C15  - Single storey, detached

 - Brick veneer

 - Suspended timber floor

1950s 
with 1980s 
extension

311 8,240 26.5 1.32

Average 374.3 13,485 38.0 1.90
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A2: Detailed air leakage testing results for each house

Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS1 Install covers 
to seven 
Evaporative 
cooler vents

Evaporative 
Cooler

7 3.10 2.43 0.67 1,141 894 247 $357 35.2 $51.0

Install damper 
to one exhaust 
fan

Ceiling Fan/
Vents

1 2.43 2.39 0.04 894 878 17 $52 16.6 $52.0

Seal toilet vent Wall Vent 1 2.39 2.35 0.04 878 863 15 $19 14.7 $19.0

Caulk ducted 
gas return air 
and register 
perimeters

Caulk 
Heating/
Cooling

1 2.35 2.18 0.17 863 800 63 $109 62.6 $109.0

140 m of 
Caulking around 
windows, 
ceilings, 
cupboards

General 
Caulking

140 2.18 1.55 0.63 800 570 230 $207 1.6 $1.5

Install damper 
onto IXL fan/
heater

Ceiling Fan/
Vents

1 1.55 1.45 0.11 570 532 39 $84 38.6 $84.0

Total DS1 1.66 609 $828

DS2 Seal basement 
door

Seal Door 1 1.81 1.50 0.31 1,264 1,047 217 $68 217.0 $68.0

Seal 15 wall 
vents

Wall Vent 15 1.50 1.19 0.30 1,047 835 212 $91 14.1 $6.1

Seal laundry 
door

Seal Door 1 1.19 0.94 0.26 835 655 180 $68 180.3 $68.0

Seal top storage 
door

Seal Door 1 0.94 0.76 0.18 655 529 126 $68 126.0 $68.0

25 m of caulking General 
Caulking

25 0.76 0.70 0.06 529 487 42 $142 1.7 $5.7

Total DS2 1.11 777 $437



41

REPORT  Draught Sealing Retrofit Trial

Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS3 Seal 8  
evaporative 
cooling vents

Evaporative 
Cooler

8 1.55 1.35 0.20 756 658 98 $342 12.2 $42.8

Seal 3 exhaust 
fans, 2 plaster 
ceiling vents

Ceiling Fan/
Vents

5 1.35 1.06 0.29 658 518 139 $215 27.9 $43.0

Seal 7 
downlights

Seal 
Downlights

7 1.06 1.05 0.02 518 511 7 $161 1.0 $23.0

Seal 20 Wall 
vents and two 
toilet vents

Wall Vent 22 1.05 0.88 0.17 511 428 83 $200 3.8 $9.1

Seal double 
cavity sliding 
door

Seal Sliding 
Door

1 0.88 0.87 0.01 428 423 5 $61 4.9 $61.0

Seal single 
cavity door

Seal Sliding 
Door

1 0.87 0.84 0.02 423 411 12 $31 12.2 $31.0

Seal 1 exhaust 
vent

Ceiling Fan/
Vents

1 0.84 0.81 0.04 411 394 17 $37 17.1 $37.0

Install cover 
on 4 large 
downlights

Seal 
Downlights

4 0.81 0.80 0.01 394 389 5 $74 1.2 $18.5

Tape leaking 
ductwork

Tape 
Ductwork

1 0.80 0.71 0.09 389 346 43 $39 42.8 $39.0

Total DS3 0.84 410 $1,160
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS4 Seal 5  
evaporative 
cooling vents

Evaporative 
Cooler

5 2.20 2.10 0.09 641 613 28 $277 5.5 $55.4

Seal 3 exhaust 
fans

Ceiling Fan/
Vents

3 2.10 1.80 0.30 613 526 88 $182 29.2 $60.7

Seal front door 
and caulk frame

Seal Door 1 1.80 1.69 0.11 526 493 32 $128 32.1 $128.0

Caulk wall 
mounted air 
conditioner and 
fireplace

Caulk 
Heating/
Cooling

2 1.69 1.60 0.09 493 467 26 $67 13.1 $33.5

Seal loft access Seal Door 1 1.60 1.58 0.02 467 461 6 $28 5.8 $28.0

Seal 11 wall 
vents

Wall Vent 11 1.58 1.54 0.05 461 448 13 $67 1.2 $6.1

50 m of caulking  
floorboards

General 
Caulking

50 1.54 1.44 0.10 448 420 28 $166 0.6 $3.3

Seal back door Seal Door 1 1.44 1.34 0.10 420 391 29 $86 29.2 $86.0

60 m of caulking 
around door and 
window frames

General 
Caulking

60 1.34 1.06 0.28 391 310 82 $174 1.4 $2.9

Total DS4 1.14 331 $1,175
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS5 Seal 18 
downlights, 3 
Exhaust fans, 
45m caulking 
floors

Combined 66 1.95 1.55 0.41 868 688 180 $504 2.7 $7.6

Install chimney 
balloon but 
slightly too 
small

Chimney 
Balloon

1 1.55 1.41 0.14 688 627 60 $77 60.1 $77.0

Seal louvered 
window

Seal Louvre 
Window

1 1.41 1.14 0.27 627 507 120 $66 120.2 $66.0

66m of caulking General 
Caulking

66 1.14 1.05 0.10 507 465 42 $125 0.6 $1.9

Caulk 7 window 
frames

Seal 
Windows

7 1.05 0.99 0.06 465 438 27 $75 3.8 $10.7

Caulk around 
fireplace

Caulk 
Heating/
Cooling

1 0.99 0.98 0.01 438 435 3 $17 3.3 $17.0

seal cavity 
sliding door

Seal Sliding 
Door

1 0.98 0.96 0.02 435 427 8 $14 7.8 $14.0

Install damper 
on IXL tastic 
exhaust fan/
heat lamp

Ceiling Fan/
Vents

1 0.96 0.91 0.05 427 404 23 $84 23.4 $84.0

Install covers 
on 5 x 240V 
downlights

Seal 
Downlights

5 0.91 0.89 0.02 404 396 8 $94 1.6 $18.8

Replace 
manhole cover

Seal 
Manhole 
Cover

1 0.89 0.86 0.03 396 383 13 $29 13.4 $29.0

Install seals on 
5 double-hung 
windows

Seal 
Windows

5 0.86 0.85 0.01 383 378 4 $165 0.9 $33.0

Total DS5 1.10 490 $1,250
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS6 Seal 3 exhaust 
fans

Ceiling Fan/
Vents

3 1.55 1.25 0.30 721 581 140 $182 46.5 $60.7

Install 22 
downlight 
covers

Seal 
Downlights

22 1.25 1.22 0.03 581 567 14 $373 0.6 $17.0

60 m of caulking 
around door and 
window frames

General 
Caulking

60 1.22 1.03 0.19 567 478 89 $166 1.5 $2.8

40 m of caulking 
around skirting 
boards

General 
Caulking

40 1.03 0.89 0.14 478 412 67 $150 1.7 $3.8

Seal hinged 
windows

Seal 
Windows

2 0.89 0.88 0.00 412 410 1 $56 0.6 $28.0

Install chimney 
balloons

Chimney 
Balloon

2 0.88 0.68 0.21 410 314 96 $69 48.2 $34.5

Install seals 
on front doors

Seal Door 2 0.68 0.66 0.02 314 305 9 $86 4.7 $43.0

Total DS6 0.90 416 $1,082

DS7 Seal two 
exhaust fans 
and one ceiling 
vent

Ceiling Fan/
Vents

3 1.47 1.28 0.19 297 259 39 $171 12.9 $57.0

60 m of caulking 
around door and 
window frames, 
cupboards

General 
Caulking

60 1.28 1.06 0.22 259 215 44 $354 0.7 $5.9

20 m of 
caulking around 
cupboards and 
windows

General 
Caulking

20 1.06 1.01 0.05 215 204 11 $126 0.6 $6.3

Install seals 
on front door

Seal Door 1 1.01 0.94 0.07 204 190 14 $86 14.2 $86.0

Total DS7 0.53 108 $737
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS8 Seal one 
exhaust fan

Ceiling Fan/
Vents

1 1.21 1.13 0.08 621 580 41 $61 41.0 $61.0

Caulk around 9 
heating vents

Caulk 
Heating/
Cooling

1 1.13 1.11 0.03 580 567 13 $54 12.8 $54.0

Seal front door 
and one exhaust 
fan

Combined 2 1.11 1.02 0.09 567 522 45 $133 22.6 $66.5

Seal 2 x 
300mm square 
evaporative 
cooling outlets

Evap Cooler 2 1.02 0.95 0.07 522 487 34 $131 17.2 $65.5

seal 3x 
300mmx600m 
evaporative 
cooling outlets

Evap Cooler 3 0.95 0.64 0.32 487 326 162 $252 53.9 $84.0

41m of caulking General 
Caulking

41 0.64 0.53 0.11 326 269 56 $201 1.4 $4.9

Total DS8 0.69 351 $832
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS9 Install covers on 
7 evaporative 
cooler outlets

Evaporative 
Cooler

7 2.21 1.67 0.54 979 738 241 $267 34.4 $38.1

Install baffles 
(110 x 400 mm) 
in 2 chimneys

Chimney 
Baffle

2 1.67 1.56 0.11 738 689 49 $95 24.5 $47.5

Caulked 8 
wall vents

Wall Vent 8 1.56 1.50 0.06 689 665 24 $46 3.0 $5.8

Damper 
installed on 1 
exhaust fan

Ceiling Fan/
Vents

1 1.50 1.40 0.10 665 620 44 $40 44.1 $40.0

Seal 3 
downlights

Seal 
Downlights

3 1.40 1.38 0.02 620 612 8 $59 2.7 $19.7

Caulked 50 m 
of architraves

General 
Caulking

50 1.38 1.30 0.08 612 577 36 $143 0.7 $2.9

Sealed rear 
bi‑fold doors

Seal Door 1 1.30 1.28 0.03 577 565 12 $81 11.7 $81.0

Caulked 40 m 
AC sheeting in 
foyer at plaster 
join

General 
Caulking

40 1.28 1.22 0.05 565 540 24 $78 0.6 $2.0

Total DS9 0.99 438 $810
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS10 Install covers on 
7 evaporative 
cooler outlets

Evaporative 
Cooler

7 1.53 1.28 0.25 705 589 116 $257 16.6 $36.7

Install 100 m 
of caulking 
around door and 
window frames

General 
Caulking

100 1.28 1.04 0.24 589 479 110 $430 1.1 $4.3

Install 80 m of 
caulking around 
floorboards

General 
Caulking

80 1.04 0.87 0.17 479 401 78 $314 1.0 $3.9

Install seals 
on front door

Seal Door 1 0.87 0.81 0.05 401 376 25 $30 24.7 $30.0

Install seals 
on back door

Seal Door 1 0.81 0.79 0.03 376 365 12 $119 11.8 $118.9

Caulked 30 m 
around fireplace

General 
Caulking

30 0.79 0.63 0.16 365 292 72 $111 2.4 $3.7

Caulked 15 
wall vents

Wall Vent 15 0.63 0.57 0.06 292 264 28 $92 1.9 $6.1

Total DS10 0.96 442 $1,353
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS11 Install dampers 
on 3 exhaust 
fans

Ceiling Fan/
Vents

3 1.71 1.42 0.28 515 430 86 $136 28.5 $45.4

Caulked 14 
wall vents

Wall Vent 14 1.42 1.38 0.04 430 417 13 $99 0.9 $7.0

Caulked 
between 
ducted gas 
heating register 
and floor

Caulk 
Heating/
Cooling

1 1.38 1.36 0.03 417 409 8 $40 8.0 $39.7

Caulked 20 mm 
x 400 mm gap 
under fireplace

Caulk 
Heating/
Cooling

1 1.36 1.31 0.04 409 397 13 $29 12.5 $28.7

Caulked 60 m 
around door 
and window 
architraves

General 
Caulking

60 1.31 1.26 0.05 397 381 16 $143 0.3 $2.4

Caulked 20 m 
around window 
frames

General 
Caulking

20 1.26 1.23 0.03 381 370 11 $72 0.5 $3.6

Caulked 30 
m inside 
cupboards, 
especially 
timber to 
plaster joins

General 
Caulking

30 1.23 1.12 0.11 370 337 33 $78 1.1 $2.6

Seal external 
laundry door

Seal Door 1 1.12 1.08 0.04 337 327 11 $129 10.7 $128.9

Install 17 
downlight 
covers

Seal 
Downlights

17 1.08 1.03 0.05 327 312 14 $278 0.8 $16.4

Total DS11 0.67 203 $1,004
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS12 Caulked 5 
fireplaces no 
longer in use

Caulk 
Heating/
Cooling

5 1.54 1.39 0.16 914 822 92 $267 18.4 $53.3

Caulked top 
half of 8 sash 
windows

Seal 
Windows

8 1.39 1.34 0.04 822 796 26 $46 3.3 $5.8

Caulk 2 large 
ceiling roses

Seal Ceiling 
Rose

2 1.34 1.30 0.04 796 771 25 $69 12.3 $34.4

Install 1 
exhaust fan 
damper

Ceiling Fan/
Vents

1 1.30 1.25 0.05 771 739 32 $40 31.7 $40.0

Install 1 
exhaust fan 
damper

Ceiling Fan/
Vents

1 1.25 1.18 0.07 739 697 42 $40 42.0 $40.0

Install 9 
downlight 
covers

Seal 
Downlights

9 1.18 1.12 0.06 697 663 34 $111 3.8 $12.4

Sealed 2 
attic hatches 
using weather 
stripping

Seal 
Manhole 
Cover

2 1.12 1.06 0.06 663 625 38 $38 19.1 $19.2

Caulked duct 
registers and 
return air 
plenum

Caulk 
Heating/
Cooling

1 1.06 1.02 0.04 625 601 24 $54 24.0 $54.4

Caulked 80 m 
skirting boards

General 
Caulking

80 1.02 0.77 0.25 601 455 146 $333 1.8 $4.2

Seal 3 off 80 x 
80 mm holes 
above fridge 
using timber

Seal Gap 3 0.77 0.71 0.06 455 421 34 $31 11.2 $10.4

Total DS12 0.83 493 $1,030
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS13 Install 2 
exhaust fan 
dampers

Ceiling Fan/
Vents

2 1.25 1.19 0.06 469 445 23 $81 11.6 $40.3

Install 10 
downlight 
covers

Seal 
Downlights

10 1.19 1.17 0.02 445 437 8 $136 0.8 $13.6

Caulked 15 
wall vents

Wall Vent 15 1.17 1.14 0.03 437 428 10 $85 0.6 $5.7

Seal 8 
evaporative 
cooling vents

Evaporative 
Cooler

8 1.14 0.89 0.25 428 334 94 $310 11.7 $38.8

Install seals 
on laundry/
stairwell door

Seal Door 2 0.89 0.84 0.05 334 316 18 $127 9.1 $63.4

Sealed 450 
x 80 mm 
gap behind 
microwave 
cavity

Seal Gap 1 0.84 0.82 0.03 316 305 11 $46 10.7 $45.5

Sealed 
dishwasher 
plumbing 
penetration

Plumbing 
Penetration

1 0.82 0.75 0.06 305 282 23 $42 23.4 $42.4

Install weather 
stripping to 
3 awning 
windows

Seal 
Windows

3 0.75 0.73 0.02 282 273 8 $80 2.8 $26.8

Covered 450 x 
30 mm toilet 
vent

Seal Gap 1 0.73 0.62 0.11 273 233 41 $32 40.8 $31.9

Total DS13 0.63 236 $938
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS14 Seal two 
exhaust fans

Ceiling Fan/
Vents

2 1.78 1.59 0.19 947 848 99 $96 49.6 $48.1

Install 7 
evaporative 
cooling covers

Evaporative 
Cooler

7 1.59 1.23 0.36 848 656 192 $267 27.4 $38.1

Caluked 140 m 
around timber 
cornicing

General 
Caulking

140 1.23 0.99 0.25 656 525 131 $394 0.9 $2.8

Caulked 
80m around 
architraves and 
skirting boards

General 
Caulking

80 0.99 0.84 0.15 525 448 77 $249 1.0 $3.1

Sealed single 
back door

Seal Door 1 0.84 0.81 0.03 448 429 19 $119 18.6 $118.9

Sealed single 
side door

Seal Door 1 0.81 0.75 0.05 429 400 29 $119 28.7 $118.9

Total DS14 1.03 547 $1,244
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS15 Caulked 11 
wall vents

Wall Vent 11 1.81 1.77 0.04 806 790 16 $56 1.4 $5.1

Sealed hot 
water service 
cupboard

Seal Gap 1 1.77 1.67 0.11 790 743 47 $39 46.8 $39.1

Installed 
dampers on 2 
exhaust fans

Ceiling Fan/
Vents

2 1.67 1.52 0.15 743 678 65 $81 32.6 $40.3

Sealed 2 
passive ceiling 
vents with 
foam

Ceiling Fan/
Vents

2 1.52 1.48 0.04 678 662 16 $27 8.1 $13.7

Installed 1 
Xltastic heat 
lamp damper

Ceiling Fan/
Vents

1 1.48 1.42 0.07 662 632 30 $60 30.3 $59.5

Caulked 60 
m skirting 
boards

General 
Caulking

60 1.42 1.37 0.04 632 611 20 $125 0.3 $2.1

Caulked 
120 m of 
architraves

General 
Caulking

120 1.37 1.22 0.15 611 545 67 $132 0.6 $1.1

Caulked 20 
m inside 
cupboards

General 
Caulking

20 1.22 1.09 0.14 545 484 60 $163 3.0 $8.1

Covered wall 
mounted A/C

Caulk 
Heating/
Cooling

1 1.09 1.06 0.02 484 475 10 $41 9.6 $41.1

Installed 6 
evaporative 
cooler covers

Evaporative 
Cooler

6 1.06 0.77 0.30 475 342 133 $235 22.2 $39.2

Sealed 3 
single doors

Seal Door 3 0.77 0.66 0.11 342 294 48 $412 15.9 $137.5

Total DS15 1.15 512 $1,371
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Per house Per unit

Natural air leakage rate 
(ACH)

Natural air leakage rate 
(m3/hr)

Cost 
($)

House 
No.

Measure Category Number Before After Diff. Before After Diff. Diff. 
(m3/
hr)

Cost 
($)

DS16 Covered 1 
exhaust fan

Ceiling Fan/
Vents

1 2.18 2.06 0.12 550 520 30 $46 30.2 $45.8

Caulked 
30 m inside 
cupboards

General 
Caulking

30 2.06 1.95 0.12 520 491 29 $70 1.0 $2.3

Caulked 8 
wall vents

Wall Vent 8 1.95 1.81 0.13 491 457 34 $60 4.2 $7.5

Caulked 100 m 
of skirting 
boards

General 
Caulking

100 1.81 1.57 0.24 457 397 60 $132 0.6 $1.3

Caulked 150 m 
architraves

General 
Caulking

150 1.57 1.23 0.35 397 309 88 $170 0.6 $1.1

Sealed 20 x 
300 mm hole 
above oven 
using timber

Seal Gap 1 1.23 1.13 0.09 309 286 23 $27 23.2 $27.4

Used foam to 
seal block hole 
above passive 
ceiling vents

Ceiling Fan/
Vents

2 1.13 1.01 0.12 286 255 31 $27 15.3 $13.7

Sealed 
cavity behind 
dishwasher

Seal Gap 1 1.01 0.94 0.07 255 237 18 $48 18.4 $47.8

Created 
plenum in 
return air duct 
by inserting 
timber between 
plaster and 
stud

Caulk 
Heating/
Cooling

1 0.94 0.84 0.09 237 213 24 $53 23.8 $53.1

Weather 
stripped 
laundry door

Seal Door 1 0.84 0.79 0.06 213 199 14 $138 14.1 $137.7

Total DS16 1.39 351 $770
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A3: Detailed air leakage testing results for different measures
Caulk heating/cooling

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Caulk ducted gas return air and register perimeters 1 63 $109 62.6 $109.0

Caulk wall mounted AC and fireplace 2 26 $67 13.1 $33.5

Caulk around fireplace 1 3 $17 3.3 $17.0

Caulk around 9 heating vents 1 13 $54 12.8 $54.0

Caulk between ducted gas heating register and floor 1 8 $40 8.0 $39.7

Caulk 20 mm x 400 mm gap under fireplace 1 13 $29 12.5 $28.7

Caulk 5 fireplaces no longer in use 5 92 $267 18.4 $53.3

Caulk duct registers and return air plenum 1 24 $54 24.0 $54.4

Cover wall mounted air conditioner 1 10 $41 9.6 $41.1

Created plenum in retrun air duct by inserting 
timber between plaster and stud

1 24 $53 23.8 $53.1

Total / Average 15 275 $731 18.3 $48.7

Average per house (8 houses) 1.88 34.4 $91.3
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Ceiling fans/vents

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Install cover to one exhaust fan 1 17 $52 16.6 $52.0

Install  cover onto IXL fan/heater 1 39 $84 38.6 $84.0

Seal 3 exhaust fans, 2 plaster ceiling vents 5 139 $215 27.9 $43.0

Seal 1 exhaust vent 1 17 $37 17.1 $37.0

Seal 3 exhaust fans 3 88 $182 29.2 $60.7

Install cover on Xltastic exhaust fan/heat lamp 1 23 $84 23.4 $84.0

Seal 3 exhaust fans 3 140 $182 46.5 $60.7

Seal two exhaust fans and one ceiling vent 3 39 $171 12.9 $57.0

Seal one exhaust fan 1 41 $61 41.0 $61.0

Install cover on 1 exhaust fan 1 44 $40 44.1 $40.0

Install covers on 3 exhaust fans 3 86 $136 28.5 $45.4

Install cover on  1 exhaust fan 1 32 $40 31.7 $40.0

Install cover on 1 exhaust fan 1 42 $40 42.0 $40.0

Install covers on 2 exhaust fans 2 23 $81 11.6 $40.3

Seal two exhaust fans 2 99 $96 49.6 $48.1

Install covers on 2 exhaust fans 2 65 $81 32.6 $40.3

Seal 2 passive ceiling vents with foam 2 16 $27 8.1 $13.7

Install cover on 1 Xltastic exhaust fan with heat lamp 1 30 $60 30.3 $59.5

Cover 1 exhaust fan 1 30 $46 30.2 $45.8

Used foam to seal block hole above passive ceiling vents 2 31 $27 15.3 $13.7

 Total / Average 37 1,040 $1,742 28.1 $47.1

 Average per house (14 houses) 2.64 74.3 $124.4  
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Seal Chimney

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Install baffles (110 x 400 mm) in 2 chimneys 2 49 $95 24.5 $47.5

Install chimney balloon (but slightly too small) 1 60 $77 60.1 $77.0

Install chimney balloons in 2 chimneys 2 96 $69 48.2 $34.5

 Total / Average 5 206 $241 41.1 $48.2

 Average per house (3 houses) 1.67 68.5 $80.3  

Combined (Multiple measures)

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Seal 18 downlights, cover 3 exhaust fans, 45 m 
caulking installed for floors

66 180 $504 2.7 $7.6

Seal front door and one exhaust fan 2 45 $133 22.6 $66.5

 Total / Average 68 225 $637.0 3.3 $9.4

 Average per house (2 houses) 34.0 112.7 $318.5  

Evaporative cooler covers

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Install covers on 7 evaporative cooling outlets 7 247 $357 35.2 $51.0

Install covers on 8  evaporative cooling outlets 8 98 $342 12.2 $42.8

Install covers on 5  evaporative cooling outlets 5 28 $277 5.5 $55.4

Seal 2 x 300 mm square evaporative cooling outlets 2 34 $131 17.2 $65.5

seal 3 off 300 mm x600 mm evaporative cooling outlets 3 162 $252 53.9 $84.0

Install covers on 7 evaporative cooler outlets 7 241 $267 34.4 $38.1

Install covers on 7 evaporative cooler outlets 7 116 $257 16.6 $36.7

Install covers on 8 evaporative cooling outlets 8 94 $310 11.7 $38.8

Install covers on 7 evaporative cooling outlets 7 192 $267 27.4 $38.1

Install covers on 6 evaporative cooling outlets 6 133 $235 22.2 $39.2

 Total / Average 60 1,343 $2,695.0 22.4 $44.9

 Average per house (9 houses) 6.7 149.3 $299.4  
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General caulking

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

140 m of caulking around windows, ceilings, 
cupboards

140 230 $207 1.6 $1.5

25 m of caulking 25 42 $142 1.7 $5.7

50 m of caulking for  floorboards 50 28 $166 0.6 $3.3

60 m of caulking around door and window frames 60 82 $174 1.4 $2.9

66 m of caulking 66 42 $125 0.6 $1.9

60 m of caulking around door and window frames 60 89 $166 1.5 $2.8

40 m of caulking around skirting boards 40 67 $150 1.7 $3.8

60 m of caulking around door and window frames, 
cupboards

60 44 $354 0.7 $5.9

20 m of caulking around cupboards and windows 20 11 $126 0.6 $6.3

41 m of caulking 41 56 $201 1.4 $4.9

Caulked 50 m of architraves 50 36 $143 0.7 $2.9

Caulked 40 m AC sheeting in foyer at plaster join 40 24 $78 0.6 $2.0

Install 100 m of caulking around door and window 
frames

100 110 $430 1.1 $4.3

Install 80 m of caulking around floorboards 80 78 $314 1.0 $3.9

Caulked 30 m around fireplace 30 72 $111 2.4 $3.7

Caulked 60 m around door and window architraves 60 16 $143 0.3 $2.4

Caulked 20 m around window frames 20 11 $72 0.5 $3.6

Caulked 30 m inside cupboards, especially  timber-
to-plaster joins

30 33 $78 1.1 $2.6

Caulked 80 m of skirting boards 80 146 $333 1.8 $4.2

Caulked 140 m around timber cornicing 140 131 $394 0.9 $2.8

Caulked 80 m around architraves and skirting boards 80 77 $249 1.0 $3.1

Caulked 60 m of skirting boards 60 20 $125 0.3 $2.1

Caulked 120 m of architraves 120 67 $132 0.6 $1.1

Caulked 20 m inside cupboards 20 60 $163 3.0 $8.1

Caulked 30 m inside cupboards 30 29 $70 1.0 $2.3

Caulked 100 m of skirting boards 100 60 $132 0.6 $1.3

Caulked 150 m of architraves 150 88 $170 0.6 $1.1

 Total / Average 1,752 1,750 $4,947 1.0 $2.8

 Average per house (14 houses) 125.1 125.0 $353.4  
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Plumbing penetration

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Sealed dishwasher plumbing penetrations 1 23 $42 23.4 $42.4

 Total / Average 1 23 $42.4 23.4 $42.4

 Average per house (1 house) 1 23 $42.4  

Seal ceiling rose

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Caulk 2 large ceiling roses 2 25 $69 12.3 $34.4

 Total / Average 2 25 $68.9 12.3 $34.4

 Average per house (1 house) 2 25 $68.9  

Seal door

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Seal basement door 1 217 $68 217.0 $68.0

Seal laundry door 1 180 $68 180.3 $68.0

Seal top storage door 1 126 $68 126.0 $68.0

Seal front door and caulk frame 1 32 $128 32.1 $128.0

Seal loft access 1 6 $28 5.8 $28.0

Seal back door 1 29 $86 29.2 $86.0

Install seals on front door 2 9 $86 4.7 $43.0

Install seals on front door 1 14 $86 14.2 $86.0

Seal rear bi-fold doors 1 12 $81 11.7 $81.0

Install seals on front door 1 25 $30 24.7 $30.0

Install seals on back door 1 12 $119 11.8 $118.9

Seal external laundry door 1 11 $129 10.7 $128.9

Install seals on laundry/stairwell door 2 18 $127 9.1 $63.4

Seal single back door 1 19 $119 18.6 $118.9

Seal single side door 1 29 $119 28.7 $118.9

Seal 3 single doors 3 48 $412 15.9 $137.5

Weather strip laundry door 1 14 $138 14.1 $137.7

 Total / Average 21 800 $1,891 38.1 $90.1

 Average per house (11 houses) 1.91 72.7 $172.0  
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Seal downlights

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Seal 7 downlights 7 7 $161 1.0 $23.0

Install cover on 4 large downlights 4 5 $74 1.2 $18.5

Install covers on 5 x 240 V downlights 5 8 $94 1.6 $18.8

Install 22 downlight covers 22 14 $373 0.6 $17.0

Seal 3 downlights 3 8 $59 2.7 $19.7

Install 17 downlight covers 17 14 $278 0.8 $16.4

Install 9 downlight covers 9 34 $111 3.8 $12.4

Install 10 downlight covers 10 8 $136 0.8 $13.6

 Total / Average 77 98 $1,287 1.3 $16.7

 Average per house (7 houses) 11.0 14.1 $183.8  

Seal gaps

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Seal 3 off 80 x 80 mm holes above fridge using timber 3 34 $31 11.2 $10.4

Seal 450 mm x 80 mm gap behind microwave cavity 1 11 $46 10.7 $45.5

Cover 450 mm x 30 mm toilet vent 1 41 $32 40.8 $31.9

Seal hot water service cupboard 1 47 $39 46.8 $39.1

Seal 20 mm x 300 mm hole above oven using timber 1 23 $27 23.2 $27.4

Seal cavity behind dishwasher 1 18 $48 18.4 $47.8

 Total / Average 8 174 $223 21.7 $27.9

 Average per house (4 houses) 2.0 43.4 $55.7  
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Seal louver window

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Seal louver window 1 120 $66 120.2 $66.0

 Total / Average 1 120 $66 120.2 $66.0

 Average per house (1 house) 1 120.2 $66.0  

Seal manhole cover

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Replace manhole cover 1 13 $29 13.4 $29.0

Seal 2 attic hatches using weather stripping 2 38 $38 19.1 $19.2

 Total / Average 3 52 $67.3 17.2 $22.4

 Average per house (2 houses) 1.5 25.8 $33.7  

Seal sliding door

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Seal double cavity sliding door 1 5 $61 4.9 $61.0

Seal Single cavity door 1 12 $31 12.2 $31.0

Seal cavity sliding door 1 8 $14 7.8 $14.0

 Total / Average 3 24.9 $106.0 8.3 $35.3

 Average per house (2 houses) 1.5 12.5 $53.0  

Seal windows

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Caulk 7 window frames 7 27 $75 3.8 $10.7

Install seals on 5 double-hung windows 5 4 $165 0.9 $33.0

Seal one hinged window 2 1 $56 0.6 $28.0

Caulk top half of 8 sash windows 8 26 $46 3.3 $5.8

Install weather stripping to 3 awning windows 3 8 $80 2.8 $26.8

 Total / Average 25 67 $422.7 2.7 $16.9

 Average per house (4 houses) 6.3 16.8 $105.7  
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Seal wall vents

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Seal toilet vent 1 15 $19 14.7 $19.0

Seal 15 wall vents 15 212 $91 14.1 $6.1

Seal 20 Wall vents and two toilet vents 22 83 $200 3.8 $9.1

Seal 11 wall vents 11 13 $67 1.2 $6.1

Caulk 8 wall vents 8 24 $46 3.0 $5.8

Caulk 15 wall vents 15 28 $92 1.9 $6.1

Caulk 14 wall vents 14 13 $99 0.9 $7.0

Caulk 15 wall vents 15 10 $85 0.6 $5.7

Caulk 11 wall vents 11 16 $56 1.4 $5.1

Caulk 8 wall vents 8 34 $60 4.2 $7.5

 Total / Average 120 447 $815.0 3.7 $6.8

 Average per house (10 houses) 12 44.7 $81.5  

Tape ductwork

Measure Number Air leakage 
reduction 
(m3/hr)

Cost ($) Reduction 
per unit 
(m3/hr)

Cost per 
unit ($)

Tape leaking ductwork 1 43 $39 42.8 $39.0

 Total / Average 1 43 $39.0 42.8 $39.0

 Average per house (1 house) 1 42.8 $39.0  
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A4: Detailed householder survey results for each house
Surveys were conducted before and after the draught sealing retrofits 
were undertaken to identify any changes in householder perceptions 
of the level of thermal comfort in their houses, the difficulty of heating 
the houses, and their perceptions of the level of draughts. The detailed 
results for each household which participated in the study are 
provided below.

Thermal comfort

Householders were asked to rate the comfort of their home on a scale 
of 1 (extremely uncomfortable) to 5 (extremely comfortable) during 
the winter months, and also invited to comment on the comfort level. 
The detailed results are provided in Table A1.

TABLE A1: HOUSEHOLDER RESPONSES TO THERMAL COMFORT QUESTION, BEFORE AND AFTER RETROFIT

Air Leakage Rate 
(ACH)

Householder rating (1 to 5)

 

House 
No.

Before After Before After Change Comments

DS1 3.10 1.45 4 5 1 Before – Downstairs lounge not so comfortable, 
but heater can provide enough heat.

DS2 1.81 0.70 3.5 4 0.5 Before – Would like warmer – upstairs section is a bit 
cooler than lower sections.

After – Upstairs is still a bit cooler, mainly due to a kink 
in the central heating duct.

DS3 1.55 0.71 3 4 1

DS4 2.20 1.06 4 4 0

DS5 1.95 0.85 2.5 4 1.5

DS6 1.55 0.66 3 4 1

DS7 1.47 0.94 5 5 0

DS8 1.21 0.53 5 5 0

DS9 2.21 1.22 3 4.5 1.5 After – Seems to be more comfortable than before 
and temperature across house is more consistent.

DS10 1.53 0.57 3 4 1 After – Comfort in some areas seems to have increased, 
and seems to hold more heat.

DS11 1.71 1.03 3 4 1 After – Some improvement noticed.

DS12 1.54 0.71 1.5 3.5 2 Before – There are quite a few draughts in the house 
and the front section is much colder than the open plan 
living at the back. [The bedroom area] is quite cold and 
draughty and hard to heat. Quite a few draughts.

After – A definite improvement has been noticed across 
the house. [The bedroom area] has improved a lot. 
The ceiling rose has been blocked up which made a 
big difference. The windows have seals on them as 
well and they don’t rattle in windy conditions.

DS13 1.25 0.62 3.5 4 0.5 Before – Comfortable overall – some areas are not as 
comfortable as other areas. [Kitchen] feels draughty 
and a bit cold, especially behind cabinets.

After – Generally same as before – a bit of improvement 
is noticeable. [Kitchen] area has had a noticeable 
increase in comfort levels.
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Air Leakage Rate 
(ACH)

Householder rating (1 to 5)

 

House 
No.

Before After Before After Change Comments

DS14 1.78 0.75 3 3.5 0.5 Before – House is okay if it is heated in winter; 
not too draughty. 

After – A slight improvement has been noticed 
but nothing too vast. [The lounge] seems to hold 
its heat a bit better. Not a massive improvement 
but somewhat noticeable.

DS15 1.81 0.66 3 4 1 After – An improvement has been noticed.

DS16 2.18 0.79 3 4 1 Before – Reasonable, heats up quickly, sometimes feel 
draughts if sitting for a length of time in one of the living 
areas. [Lounge is] OK but can feel cool air at times. 
No heating in [the laundry], and heat doesn’t seem to 
make it into this area.

After – Definite improvement has been noticed since 
the retrofit. Particularly in the open plan areas. [Lounge] 
area feels much better. Cannot feel draughts very 
much at all. [Laundry] feels like it has improved. It is 
connected into the hallway so heat does make it in there 
and since the retrofit it seems to hold the heat better.

Average 3.3 4.2 0.8
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Difficulty heating

Householders were asked to rate the difficulty of heating their home 
on a scale of 1 (small difficulty) to 5 (extremely difficult) during the 
winter months, and also invited to comment on the difficulty of 
heating. The detailed results are provided in Table A2.

TABLE A2: HOUSEHOLDER RESPONSES TO DIFFICULTY OF HEATING QUESTION, BEFORE AND AFTER RETROFIT

Air Leakage Rate 
(ACH)

Householder rating (1 to 5) 

House 
No.

Before After Before After Change Comments

DS1 3.10 1.45 2 1 -1 Before – Thermostat difficult to use and touchy. 

After – Issues with thermostat have reduced markedly. 
No longer constantly adjusting the setting.

DS2 1.81 0.70 1 1 0 Before – Would like a bit more heat upstairs.

DS3 1.55 0.71 1 1 0

DS4 2.20 1.06 3 2 -1 Before – The lounge area is the difficult area to heat.

After – [The installer] could not reach the desired target 
of air changes due in part to gas log fire.

DS5 1.95 0.85 3.75 2.75 -1 Before – From 14oC it takes 1 to 1.5 hours to get to 
17 to 18ºC:

After – Retains heat better. On recent gas bill using 
144 MJ les per day even accounting for new 5* gas 
heating system (extended to extension).

DS6 1.55 0.66 3.5 3 -0.5

DS7 1.47 0.94 1 1 0 Before – Small house so find it easy to heat.

After – Same as before, but feels like heater is not on as 
long as before.

DS8 1.21 0.53 1 1 0

DS9 2.21 1.22 3 1.5 -1.5 Before – Generally pretty easy to heat. [Kitchen/
meals area] harder to heat than the overall house. 
[Rear bedroom] doesn’t heat up easily. 

After – Place seems much easier to heat now 
(including kitchen/meals and rear bedroom).

DS10 1.53 0.57 1 1 0 Before – Pretty easy to heat up, heats up quickly, heater 
is powerful. Bedroom at back (son’s room) is hard to 
heat up and retain heat. To heat up properly means 
turning up the heater, which means that the rest of 
the house gets too hot.

After – No change. [The back bedroom] seems to 
hold its heat more now. Not a massive improvement 
experienced as this room is the room most distant to 
heater. Always hard to heat but it is a little better.

DS11 1.71 1.03 2 2 0 Before – Quite quick to heat up with central heater on. 
Comfortable once heater is going.

After – No changes from before.
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Air Leakage Rate 
(ACH)

Householder rating (1 to 5) 

House 
No.

Before After Before After Change Comments

DS12 1.54 0.71 3.5 2 -1.5 Before – The front section is particularly hard to heat 
up in this house. [The bedroom] is the hardest room to 
heat. 

After – The front section heats up better.

[The bedroom] is easier to heat up now.

DS13 1.25 0.62 2.5 2.0 -0.5 Before – Pretty good, relatively easy to heat. Lounge and 
living areas are harder to heat up properly. Kitchen often 
feels colder and more draughty.

After – A bit of change compared to previous response. 
The heater is quite powerful so this is not a major issue. 
Lounge and living areas seem easier to keep warm. 
[There has been an] improvement in [the kitchen] area.

DS14 1.78 0.75 3 2.5 -0.5 Before – Have to run ducted heating system all the time 
to maintain comfortable temperature in winter months. 
[It is] harder to maintain heating in the [central living 
area] as it is so big and open.

After – There has been a minor improvement. 
Some improvement has been noticed [in the central 
living area].

DS15 1.81 0.66 2 2 0 Before – Not hard, heats up pretty quickly. Easier to 
heat [the rear bedrooms]. Maintain their heat better 
than open living areas. Heat from the central heating 
doesn’t work as effectively [in the front bedroom] – 
doesn’t seem to reach, [as it is a] long way from the 
return air grille. Comfortable though.

After – No change to previous response. Heater is quite 
powerful. [Rear bedroom] is the same as before. Some 
improvement has been noticed in [the front bedroom].

DS16 2.18 0.79 3 2 -1 Before – Heats up quickly and easily, but doesn’t 
seem to maintain heat very well. [The lounge – meals 
area is a] little harder to heat up that the bedrooms 
(which are smaller).

After – House seems to hold heat better once the 
heater has been turned off. Some improvement has 
been noticed in [the lounge – meals area] since the 
retrofit. Seems to hold heat better.

Average 2.3 1.7 -0.5
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Level of Draughts

Householders were asked to rate how draughty their home was on 
a scale of 1 (small draughts) to 5 (very draughty), and also invited to 
comment on the level of draughts. The detailed results are provided 
in Table A3.

TABLE A3: HOUSEHOLDER RESPONSES TO LEVEL OF DRAUGHTS QUESTION, BEFORE AND AFTER RETROFIT

Air Leakage Rate 
(ACH)

Householder rating (1 to 5)

 

House 
No.

Before After Before After Change Comments

DS1 3.10 1.45 2.5 1 -1.5 Before – Draughts in laundry and bathroom can come 
through house.

DS2 1.81 0.70 3.5 2 -1.5 Before – Front door, broken window, gaps under the steps.

DS3 1.55 0.71 3 2 -1 Before – Draughts in bathroom and laundry can come 
through the house.

DS4 2.20 1.06 3 1.5 -1.5

DS5 1.95 0.85 4 1.75 -2.25

DS6 1.55 0.66 3.5 2 -1.5 Before – Fixed toilet louvers make house draughty.

DS7 1.47 0.94 3 2 -1 Before – Can perceive some draughts coming from 
laundry.

After – Feels like there is a reduction in draughts, 
especially in lounge room.

DS8 1.21 0.53 1 1 0 Before – Draught noticeable from under the front door.

DS9 2.21 1.22 3 2 -1 Before – Some areas are draughty but overall is ok. 

After – Seems less draughty

DS10 1.53 0.57 4 2.5 -1.5 Before – Very draughty close to windows and doors, 
floors also.

After – There has been a noticeable improvement 
especially around the floor area.

DS11 1.71 1.03 3.5 3 -0.5 Before – Not too bad, but rooms with large windows 
such as the living rooms feel draughty on cold days. 

After – Some minor improvement has been felt. 

DS12 1.54 0.71 4 2 -2 Before – There are quite a few draughts in the house. 
You feel them in many rooms. [Bedroom area] has a lot 
of draughts in it.

After – Not as many draughts are felt now. Much better.  
A big improvement in the [bedroom area] especially.
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Air Leakage Rate 
(ACH)

Householder rating (1 to 5)

 

House 
No.

Before After Before After Change Comments

DS13 1.25 0.62 2 1.5 -0.5 Before – Not too bad in general, not very draughty. 
There are draughts in [the kitchen] area. [The laundry] 
in not well sealed and has draughts.

After – Improvements have been noticed in some areas. 
Draughts have been reduced [in the kitchen area] since 
the retrofit. The [laundry] door has been sealed up 
which has reduced the level of draughts in this area.

DS14 1.78 0.75 3.5 3 -0.5 Before – Not too bad. Some areas worse than the main 
part of house. [Laundry is] cold and draughty due to 
back door. 

After – There has been an improvement, especially in 
some areas such as the laundry. The draughts around 
the back door have massively improved.

DS15 1.81 0.66 3.5 1.5 -2 Before – Not too bad. Some areas worse than 
main part of house. [The second bedroom] fells like 
draughts are coming from behind the cupboards in 
this room. Draughts can be felt around the cupboards 
[in the laundry]. 

After – Have noticed significant improvements in the 
level of draughts in the house. Retrofit team found 
that the cupboards [in the second bedroom] were not 
totally finished off at the back. An improvement has 
been noticed since retrofit.  The retrofit team sealed 
around cupboards.

DS16 2.18 0.79 3 2 -1 Before – Not really draughty. OK. [The lounge] is OK 
but you can feel a bit cold if you are sitting for a while.  
[The meals area] feels colder, more draughty.

After – Definite improvement in the level of draughts 
overall, especially in the lounge area. [The lounge] feels 
a lot less draughty now. The draught level [in the meals 
area] feels less since the retrofit.

Average     3.1 1.9 -1.2
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Issues

In the post-retrofit survey householders were asked to identify 
any specific issues which they felt had been caused by the draught 
sealing.  The responses for those houses in which an issue was 
identified are provided in Table A4.

TABLE A4: ISSUES CAUSED BY DRAUGHT SEALING RETROFITS

House No. Comments

DS1 Front door does not close properly - unsure if an issue with draught sealing or if the door has moved. [The installer] 
doesn’t think it is an issue with draught sealing.

DS10 Fluff on the ground stuck to the skirting boards, and this is a little annoying.

DS11 The exhaust fans in the bathroom sound louder when they are operating. They still function OK but just seem louder. 
Maybe the covers amplify the sound a bit?

DS12 The steam hangs around in [the bathroom] a lot more now. Need to run exhaust fan for longer. A definite change 
since the retrofit. Not a problem but just need to make sure the exhaust fan is run for longer. Only condensation in 
the bathroom. But this is not really a problem. 

DS13 We have become more aware of previous draughts that we did not really know were there.

This is not really a problem, but cooking smells do hang around for longer.

DS14 Condensation has seemed to get a bit worse in the front bedroom. [The en suite] area seems much tighter and when 
showering the condensation seems to be much worse since the retrofit. Need to run fan much longer in response. 
There seems to be a bit more condensation on the windows [in the central living area] in the morning, but not a 
massive amount. 

My husband was not that happy with caulking but everyone else was fine.  He was a bit worried about how it would 
look if it was painted.

DS15 Cooking smells linger for longer. There is some dust that has stuck to the silicone around skirting boards. Would have 
been good to clean this before the retrofit took place.
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A4: Monitoring results for each house
Below we provide a summary of the data collected from the metering 
equipment which was installed for each of the houses which 
participated in the Draught Sealing Retrofit Trial. In addition to some 
basic information about each of the houses – location, monitoring 
dates and retrofit dates, and the initial and final natural air leakage 
rates – we provide the following information:

›› A graph which shows the daily electricity consumption of the gas 
ducted heater (when the fan is operating) throughout the entire 
monitoring period, plotted against the average daily outside 
temperature. The daily electricity consumption before the retrofit 
is shown in blue and the daily electricity consumption after the 
retrofit is shown in green. On days of higher outside temperature 
less heating is required, and so the daily electricity consumption 
is generally lower on these days;

›› A graph which shows the average daily internal and external 
temperature profiles of the houses prior to the draught sealing 
retrofits. The profiles show how the temperatures vary throughout 
the day, based on the 10 minute sampling interval that was used. 
The average daily  profile is the average of all of the individual 
daily profiles for those days on which the gas ducted heater 
was operating;

›› A graph which shows the average daily internal and external 
temperature profiles of the houses after the draught 
sealing retrofits;

›› A graph which compares the average daily internal temperature 
profiles of the houses before and after the retrofits were 
undertaken. This gives an idea of whether the householders have 
made any changes to the operation of their heating system after 
the retrofits were undertaken;

›› A graph which compares the average daily profile of the 
temperature difference – the difference between the internal 
temperature and the outside temperature – before and after the 
retrofits were undertaken. This gives an indication of the heating 
task which is faced by the gas ducted heating system before 
and after the retrofit. The larger the temperature difference, 
the larger the ‘heating task’ and therefore the larger the energy 
consumption of the heater needs to be to achieve the observed 
internal temperatures;

›› A graph which compares the average daily load profile of the 
gas ducted heater before and after the retrofits. This shows 
the way in which the electricity consumption of the gas ducted 
heater (measured in Watts) changes throughout the day, based 
on the 1 minute sampling interval that was used. To produce 
the average daily load profile the individual daily load profiles 
have been averaged for all days on which the gas ducted heater 
was operating;

›› A scatter diagram which plots data points showing the average 
heater electrical power consumption (Watts) during times when 
the heater is displaying steady state operation against the average 
temperature difference during these times, both before and after 
the retrofits. The slopes of the lines of best fit were used to estimate 
the technical energy saving achieved by the retrofit.
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REPORT  Draught Sealing Retrofit Trial

House DS1

Monitoring started: 30/7/11 
Retrofit completed: 23/8/11 
Monitoring ended: 28/9/11

Initial natural air leakage rate: 3.10 ACH 
Final natural air leakage rate: 1.45 ACH 
Reduction in air leakage rate: 1.66 ACH

Av. daily electricity consumption of heater fan – Before (1.87 kWh/day), 
After (1.14 kWh/day)

Av. daily operating time of heater – Before (13.64 hrs/day), 
After (9.69 hrs/day)

Av. temperature difference when heater operating – Before (6.50ºC), 
After (6.45ºC)
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REPORT  Draught Sealing Retrofit Trial

House DS2

Monitoring started: 30/7/11 
Retrofit completed: 11/8/11 
Monitoring ended: 22/9/11

Initial natural air leakage rate: 1.81 ACH 
Final natural air leakage rate: 0.70 ACH 
Reduction in air leakage rate: 1.11 ACH

Av. daily electricity consumption of heater fan – Before (2.40 kWh/day), 
After (2.03 kWh/day)

Av. daily operating time of heater – Before (8.45 hrs/day),  
After (6.84 hrs/day)

Av. temperature difference when heater operating – Before (6.46ºC), 
After (6.63ºC)
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REPORT  Draught Sealing Retrofit Trial

House DS3

Monitoring started: 30/7/11 
Retrofit completed: 19/8/11 
Monitoring ended: 26/9/11

Initial natural air leakage rate: 1.55 ACH 
Final natural air leakage rate: 0.71 ACH 
Reduction in air leakage rate: 0.84 ACH

Av. daily electricity consumption of heater fan – Before (2.60 kWh/day), 
After (1.80 kWh/day)

Av. daily operating time of heater – Before (10.48 hrs/day),  
After (7.01 hrs/day)

Av. temperature difference when heater operating – Before (7.31ºC), 
After (6.70ºC)
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DS3 - Daily Elec Use of Fan Heater

Fan Elec Use Av Outside Temp
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REPORT  Draught Sealing Retrofit Trial

House DS4

Monitoring started: 30/7/11 
Retrofit completed: 25/8/11 
Monitoring ended: 26/9/11

Initial natural air leakage rate: 2.20 ACH 
Final natural air leakage rate: 1.06 ACH 
Reduction in air leakage rate: 1.14 ACH

Av. daily electricity consumption of heater fan – Before (0.82 kWh/day), 
After (0.96 kWh/day)

Av. daily operating time of heater – Before (4.92 hrs/day),  
After (5.05 hrs/day)

Av. temperature difference when heater operating – Before (6.75ºC), 
After (7.77ºC)
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REPORT  Draught Sealing Retrofit Trial

House DS5

Monitoring started: 30/7/11 
Retrofit completed: 18/8/11 
Monitoring ended: 29/9/11

Initial natural air leakage rate: 1.95 ACH 
Final natural air leakage rate: 0.85 ACH 
Reduction in air leakage rate: 1.10 ACH

Av. daily electricity consumption of heater fan – Before (2.61 kWh/day), 
After (1.90 kWh/day)

Av. daily operating time of heater – Before (8.22 hrs/day),  
After (6.31 hrs/day)

Av. temperature difference when heater operating – Before (7.11ºC), 
After (6.80ºC)
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REPORT  Draught Sealing Retrofit Trial

House DS6

Monitoring started: 30/7/11 
Retrofit completed: 27/8/11 
Monitoring ended: 21/9/11

Initial natural air leakage rate: 1.55 ACH 
Final natural air leakage rate: 0.66 ACH 
Reduction in air leakage rate: 0.90 ACH

Av. daily electricity consumption of heater fan – Before (0.99 kWh/day), 
After (0.75 kWh/day)

Av. daily operating time of heater – Before (4.93 hrs/day),  
After (3.81 hrs/day)

Av. temperature difference when heater operating – Before (5.91ºC), 
After (6.29ºC)
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DS6 - Daily Elec Use of Heater Fan

Fan Elec Use Av Outside Temp (oC)
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REPORT  Draught Sealing Retrofit Trial

House DS7

Monitoring started: 30/7/11 
Retrofit completed: 25/8/11 
Monitoring ended: 26/9/11

Initial natural air leakage rate: 1.47 ACH 
Final natural air leakage rate: 0.94 ACH 
Reduction in air leakage rate: 0.53 ACH

Av. daily electricity consumption of heater fan – Before (0.52 kWh/day), 
After (0.73 kWh/day)

Av. daily operating time of heater – Before (3.98 hrs/day),  
After (7.38 hrs/day)

Av. temperature difference when heater operating – Before (6.51ºC), 
After (7.00ºC)
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REPORT  Draught Sealing Retrofit Trial

House DS8

Monitoring started: 30/7/11 
Retrofit completed: 24/8/11 
Monitoring ended: 30/9/11

Initial natural air leakage rate: 1.21 ACH 
Final natural air leakage rate: 0.53 ACH 
Reduction in air leakage rate: 0.69 ACH

Av. daily electricity consumption of heater fan – Before (2.06 kWh/day), 
After (1.42 kWh/day)

Av. daily operating time of heater – Before (10.95 hrs/day),  
After (7.43 hrs/day)

Av. temperature difference when heater operating – Before (6.85ºC), 
After (6.38ºC) 	
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REPORT  Draught Sealing Retrofit Trial

House DS9

Monitoring started: 24/5/12 
Retrofit completed: 16/7/12 
Monitoring ended: 12/8/12

Initial natural air leakage rate: 2.21 ACH 
Final natural air leakage rate: 1.22 ACH 
Reduction in air leakage rate: 0.99 ACH

Av. daily electricity consumption of heater fan – Before (3.04 kWh/day), 
After (2.82 kWh/day)

Av. daily operating time of heater – Before (16.46 hrs/day),  
After (16.15 hrs/day)

Av. temperature difference when heater operating – Before (6.28ºC), 
After (6.10ºC)
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DS9 - Daily Elec Use of Heater Fan

Fan Elec Use Av Outside Temp
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REPORT  Draught Sealing Retrofit Trial

House DS10

Monitoring started: 25/5/12 
Retrofit completed: 19/7/12 
Monitoring ended: 16/8/12

Initial natural air leakage rate: 1.53 ACH 
Final natural air leakage rate: 0.57 ACH 
Reduction in air leakage rate: 0.96 ACH

Av. daily electricity consumption of heater fan – Before (4.30 kWh/day), 
After (4.18 kWh/day)

Av. daily operating time of heater – Before (18.87 hrs/day),  
After (19.04 hrs/day)

Av. temperature difference when heater operating – Before (9.50ºC), 
After (9.42ºC)
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REPORT  Draught Sealing Retrofit Trial

House DS11

Monitoring started: 25/5/12 
Retrofit completed: 29/6/12 
Monitoring ended: 16/8/12

Initial natural air leakage rate: 1.71 ACH 
Final natural air leakage rate: 1.03 ACH 
Reduction in air leakage rate: 0.67 ACH

Av. daily electricity consumption of heater fan – Before (1.17 kWh/day), 
After (1.25 kWh/day)

Av. daily operating time of heater – Before (5.51 hrs/day),  
After (6.43 hrs/day)

Av. temperature difference when heater operating – Before (7.19ºC), 
After (7.41ºC)
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Fan Elec Use Av Outside Temp
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REPORT  Draught Sealing Retrofit Trial

House DS12

Monitoring started: 12/6/12 
Retrofit completed: 20/7/12 
Monitoring ended: 6/9/12

Initial natural air leakage rate: 1.54 ACH 
Final natural air leakage rate: 0.71 ACH 
Reduction in air leakage rate: 0.83 ACH

Av. daily electricity consumption of heater fan – Before (7.15 kWh/day), 
After (6.69 kWh/day)

Av. daily operating time of heater – Before (12.71 hrs/day),  
After (12.32 hrs/day)

Av. temperature difference when heater operating – Before (6.94ºC), 
After (6.68ºC)
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REPORT  Draught Sealing Retrofit Trial

House DS13

Monitoring started: 1/6/12 
Retrofit completed: 12/7/12 
Monitoring ended: 16/8/12

Initial natural air leakage rate: 1.25 ACH 
Final natural air leakage rate: 0.62 ACH 
Reduction in air leakage rate: 0.63 ACH

Av. daily electricity consumption of heater fan – Before (3.10 kWh/day), 
After (2.59 kWh/day)

Av. daily operating time of heater – Before (13.20 hrs/day),  
After (12.10 hrs/day)

Av. temperature difference when heater operating – Before (8.09ºC), 
After (7.89ºC) 	
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REPORT  Draught Sealing Retrofit Trial

House DS14

Monitoring started: 1/6/12 
Retrofit completed: 26/7/12 
Monitoring ended: 27/8/12

Initial natural air leakage rate: 1.78 
Final natural air leakage rate: 0.75 
Reduction in air leakage rate: 1.03

Av. daily electricity consumption of heater fan – Before (4.01 kWh/day), 
After (3.39 kWh/day)

Av. daily operating time of heater – Before (11.24 hrs/day),  
After (8.89 hrs/day)

Av. temperature difference when heater operating – Before (6.74ºC), 
After (7.06ºC)
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REPORT  Draught Sealing Retrofit Trial

House DS15

Monitoring started: 2/6/12 
Retrofit completed: 17/7/12 
Monitoring ended: 16/8/12

Initial natural air leakage rate: 1.81 ACH 
Final natural air leakage rate: 0.66 ACH 
Reduction in air leakage rate: 1.15 ACH

Av. daily electricity consumption of heater fan – Before (3.33 kWh/day), 
After (3.57 kWh/day)

Av. daily operating time of heater – Before (14.22 hrs/day),  
After (15.13 hrs/day)

Av. temperature difference when heater operating – Before (6.37ºC), 
After (6.62ºC)
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REPORT  Draught Sealing Retrofit Trial

House DS16

Monitoring started: 2/6/12 
Retrofit completed: 2/7/12 
Monitoring ended: 16/8/12

Initial natural air leakage rate: 2.18 ACH 
Final natural air leakage rate: 0.79 ACH 
Reduction in air leakage rate: 1.39 ACH

Av. daily electricity consumption of heater fan – Before (1.80 kWh/day), 
After (1.65 kWh/day)

Av. daily operating time of heater – Before (8.92 hrs/day),  
After (8.96 hrs/day)

Av. temperature difference when heater operating – Before (9.46ºC), 
After (9.17ºC) 	
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