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Executive Summary 

The RACE for 2030 APY Lands Energy Efficiency Retrofit Pilot took place in the Indulkana (Iwantja) community 

between 2023 and 2025. The Pilot was born out of a drive by the University of South Australia (UniSA; now part 

of Adelaide University ς AU), the South Australian Housing Trust (SAHT) and the Department for Energy and 

Mining (DEM) to address the high energy demand and poor thermal comfort of housing stock in the APY 

LandsΦ ¢ƘǊƻǳƎƘ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ƘƻǳǎŜǎΩ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅΣ our aim was enabling community members to live 

well on Country now and in the future.  

Building assessments at the commencement of the Pilot revealed uncontrolled air leakage and thermal 

bridging throughout the thermal envelope as key areas of concern in APY Lands community housing. To 

understand the lived experience within the homes, community engagement and interviews were undertaken 

with the assistance of local energy education workers. 

A wide range of industry partners supported the project by cash and in-kind contributions, and it was through 

the expertise of the technical partners that retrofit solutions were developed. 

Modelling using DesignBuilder software allowed us to test a range of potential solutions, with test rooms 

subsequently constructed in Adelaide to trial and understand their practical application. With monitoring 

devices installed in the Pilot homes, we recorded temperature, humidity and electricity consumption before 

and after the retrofits. 

Six community homes had retrofit solutions applied, while six reference houses of comparable construction 

and age were monitored during the study period. We implemented three levels of retrofit: Level 1, gap sealing; 

Level 2, gap sealing and additional ceiling insulation; and Level 3, gap sealing, additional ceiling insulation and a 

continuous layer of rigid insulation applied to the façade of the house.  

Our simulations suggested that the retrofits would save energy primarily through reducing heating demand by 

up to 59%. Airtightness improvements contributed the greatest individual savings, with the addition of 

continuous insulation layers most impactful where existing insulation was compromised. 

Interviews from before and after highlight that households felt warmer in their homes after the retrofit, even 

when a heating source was not being used, and when heating was used it was needed for less time. In summer, 

cooling was more often used for only a few hours each day, rather than all day as was the case prior to the 

retrofit. 

Monitoring data revealed significant reductions in electricity consumption on cold days, particularly following 

the Level 3 retrofits. While limited summer data was available, one Level 3 retrofit house showed a significant 

reduction in evaporative cooler use after the retrofit. 

The positive results from the retrofits have been supported by home energy education materials, including 

posters, booklets, and an animated video, created with the Indulkana community and the projectΩǎ Industry 

Reference Group. These materials were used during the Pilot and will continue to be shared during home 

energy education visits across the APY Lands. 

Trade training materials include instructional videos curated by industry partners for the project, and an 

animated video summarising the key problems discovered with housing during the Pilot and the solutions 

developed to fix them. SAHT will continue use these materials in their wider retrofit program. 
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All energy education and trade training materials can be found on the Net Zero Energy Builder learning hub.1 

The project demonstrated that reduced air leakage and thermal bridging, along with insulation improvements, 

can deliver greater thermal comfort as well as energy savings for residents. Modelling predicts that households 

receiving at least a Level 1 retrofit can save approximately $400 per year (on the heavily subsidised $0.10/kWh 

tariff). The cost for government to supply electricity to households (at a rate $0.68/kWh) is predicted to be 

reduced by at least $2600 per household per year. For the 411 SAHT-managed houses across the APY region, 

this equates to around $1 million per year in energy savings.  

Implementation of the findings from the Pilot is already underway, with SAHT applying gap sealing and 

insulation treatments to homes across the APY Lands. Plans are in place to repeat this remediation work in 

other remote communities across South Australia. The findings from the Pilot have also influenced SAHT 

design updates, and our hope is that this project will continue to influence government housing policy across 

Australia.  

 
 

 

 
1 https://netzeroenergybuilder.com.au/netzero/welcome 

Key Retrofit Outcomes 

¶ Households report feeling warmer in winter and cooler in summer, using heating and 
cooling less than previously. 

¶ Air leakage in houses was reduced by an average of 53% and thermal bridging mitigation 
appears effective. 

¶ Each retrofitted household saved an estimated 20 kWh/day of electricity on cold days. 

¶ The energy education program is expected to deliver further energy reductions. 

Modelling indicates: 

¶ The minimum annual savings per home are estimated at $400 in household energy costs 
and $2600 in State Government electricity supply costs. 

¶ Demand reduction equates to ~$1 million per year in energy savings for the 411 SAHT-
managed houses across the APY region. 

¶ A reduction of over 10 tonnes carbon dioxide equivalent per household per year. 

https://netzeroenergybuilder.com.au/netzero/welcome
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1 Project initiation and baseline 

1.1 Project background 

²ƘƛƭŜ !ōƻǊƛƎƛƴŀƭ ǇŜƻǇƭŜ ƘŀǾŜ ƭƛǾŜŘ ƛƴ !ǳǎǘǊŀƭƛŀΩǎ ²ŜǎǘŜǊƴ 5ŜǎŜǊǘ ŦƻǊ ǘŜƴǎ ƻŦ ǘƘƻǳǎŀƴŘǎ ƻŦ ȅŜŀǊǎΣ ǘŜƳǇŜǊŀǘǳǊŜ 

extremes and associated severe thermal stresses have become more pronounced, compounded by complex 

social and logistical challenges. With broader climate extremes and overall hotter summers predicted for the 

future, how people are living and maintaining healthy communities on Country is of growing concern. 

This project investigated and provided solutions to challenges for energy performance and thermal comfort 

faced by Aboriginal people living in remote housing, specifically in the extremely harsh and variable climate of 

the AἬangu Pitjantjatjara Yankunytjatjara (APY) Lands (Figure 1). We conducted a retrofitting Pilot in the 

community of Indulkana (Iwantja). The aim was to test the effectiveness and financial viability of various energy 

efficiency solutions for houses of different ages and constructions, towards the goal of replicating successful 

measures throughout the region. Data and experience captured in this Pilot are also relevant to future 

upgrades in other remote locations with similar challenges, and in existing homes across Australia. 

 

Figure 1. Map showing the location of the AἬangu Pitjantjatjara Yankunytjatjara (APY) Lands 

(red border). 2 

1.1.1 Community engagement 

The South Australian Housing Trust (SAHT) and the Department for Energy and Mining (DEM) had formed 

relationships with community members in their previous work, which assisted in engagement with the 

community throughout the Pilot. The Future Sustainability Energy Education Program, delivered by 

 
2 Map created using Digital Atlas of Australia (digital.atlas.gov.au). 
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MoneyMob Talkabout on behalf of DEM, provided a best practice model for engagement and education in APY 

Land communities, and was the catalyst for this Pilot. The work undertaken by the two departments and 

community members during the Future Sustainability Program highlighted the need for energy efficient homes 

for households to better control their energy consumptionτhence the Pilot was born.  

Energy Education Workers (EEWs), employed through the Future Sustainability Program, were recruited for 

the Pilot to ensure clear two-way communication was possible between the project team and participating 

households. The Indulkana community council was engaged throughout the Pilot, for initial permission to 

conduct the research, contributing feedback on education materials, and updates on Pilot progress. At each 

meeting the council members were supportive of the work being conducted and happy to share IndulkanaΩǎ 

experience in the Pilot with a wider audience. 

1.1.2 The houses 

The SAHT-managed houses in the APY Lands are of lightweight steel-framed, slab-on-ground construction, 

with steel cladding and flat ceilings under pitched rooves. They typically have impact board wall linings and 

profiled steel ceiling linings.3 The construction is durable for the harsh environment while minimising transport 

and construction costs. Insulation includes glasswool batts in ceilings and walls (R4.1 and R2.5 respectively). 

AIRCELL Insulbreak, a proprietary 3-in-1 insulation, vapour barrier and thermal break (R0.2) material for steel-

framed construction, is installed between the roof cladding and steel trusses and between the wall cladding 

and steel frame. The windows are aluminium-framed with durable polycarbonate panes. The low window-to-

floor ratio, along with 3.4m deep verandas, limits solar heat gains. The newer APY houses in our Pilot were 

rated above eight stars in the Nationwide House Energy Rating Scheme (NatHERS), significantly exceeding the 

6-star requirement of the National Construction Code at the time of construction. 

Each house is fitted with a ducted evaporative cooling system and a wood combustion heater/stove. While the 

wood stoves are liked by some residents, access to wood is limited across the arid region, so most households 

rely on electric radiant heaters. The coolers are up to nine times the efficiency of the heaters, which is 

apparent in electricity consumption records (see 1.2.3). AἬangu4 also display a tendency to prefer warmer 

temperatures and at times have limited access to warm clothing. 

1.2 Baseline assessment 

To target the housing retrofits, we first assessed the current thermal performance and energy use of houses in 

Indulkana. A brief summary is presented here, with further details provided in the tƛƭƻǘΩǎ Year 1 Impact Report.5 

The measured thermal performance and reported comfort of residents seemed inconsistent with the high 

NatHERS rating of the houses and their energy-efficient design features. 

 
3 Construction details such as interior linings and thermal breaks vary with era of construction and specific designs. 
4 AἬŀƴƎǳΣ ƳŜŀƴƛƴƎ άǇŜƻǇƭŜέΣ ƛǎ ǳǎŜŘ to refer to Aboriginal peoples of the Western Desert region. 
5 Wilson, C., Curtis, L., Douglas-Hill, S., Hespe, P., Huang, B., Reeves, C., and Xing, K. (2025). APY Lands Energy Efficiency Retrofit Pilotτ

Annual Impact Report. Prepared for RACE for 2030. https://online.fliphtml5.com/jczqfe/fmyv/ 

https://online.fliphtml5.com/jczqfe/fmyv/
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1.2.1 Building assessment 

Thermal performance assessments of 20 houses, in winter 2023, highlighted uncontrolled air leakage and 

thermal bridging as prominent issues (Figure 2).6 Additionally, some sections of bulk insulation were missing, 

damaged or degraded. In the walls and ceilings, infrared imaging showed evidence of heat bypassing the 

insulation batts via the heat-conducting steel framing. This thermal bridging was apparent even where thermal 

break material was present between the cladding and frame. It is possible that the effectiveness of the thermal 

break was diminished by compression and dust accumulation. Air leakage allows hotter or colder outside air to 

replace conditioned indoor air. The houses tested in the APY Lands averaged a leakage (permeability) of 24.3 

m³/(h·m²) at 50 Pascals of pressurisationτmore than double the limit specified in the National Construction 

Code (NCC) since 2019.7 While air leakage was widespread, the evaporative cooling system contributed around 

one third of all leakage measured. 

 
6 Testing was conducted by Sean Maxwell, Air Tightness Testing and Measurement Association of Australia (Maxwell, S. (2023) APY 

Retrofit Pilot StudyτBuilding Envelope Performance TestingτFinal Report, ATTMA Australia). 
7 H6V3 ς Verification of building envelope sealing, NCC 2022 Volume Two ς Building Code of Australia Class 1 and 10 buildings. 

https://ncc.abcb.gov.au/editions/ncc-2022/adopted/volume-two/h-class-1-and-10-buildings/part-h6-energy-efficiency 

a b 

c d 

Figure 2. Key thermal performance issues identified in building assessments. (a) The temperature differences shown by infrared 

imaging highlight the impact of thermal bridging via wall framing. ( b) The roof trusses introduce gaps that allow heat to bypass the 

ceiling insulation; this photograph also shows age-related compaction of the insulating batts.  (c) Gaps at cornices allowed air leakage 

through the building fabric. (d) Blower door testing reveal ed air leakage via an unsealed door. 
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1.2.2 Household interviews 

In household interviews conducted in October 2023, the most prominent issue was that residents felt cold in 

their homes in winter (Figure 3ύΦ ²ƛǘƘ ǎŎŀǊŎŜ ŦǳŜƭ ŦƻǊ ǘƘŜ ƘƻǳǎŜǎΩ ŎƻƳōǳǎǘƛƻƴ ƘŜŀǘŜǊǎΣ ŀƭƭ ƘƻǳǎŜƘƻƭŘǎ ǳǎŜŘ 

electric heaters to stay warm, with electric stoves also sometimes used for heating. Following the Future 

Sustainability Program, AἬangu were conscious of energy costs for heaters and attempted to limit the use of 

ovens for heating; however, the high levels of discomfort and reliance on radiant heating were consistent with 

the high winter electricity usage recorded (see 1.2.3). Over summer, about two thirds of households used 

evaporative cooling all day and night, or at least when home. Feeling too hot generally related to problems with 

the coolers. Because fresh air is valued, windows are frequently opened in winter as well as summer. The 

difficulty in maintaining comfortable conditions is exacerbated in large households, which are common in the 

APY Lands.  

As Pitjantjatjara/Yankunytjatjara are first languages in the APY Lands, EEWs accompanied the project team 

when conducting interviews, to interpret and to seek clarification when necessary, allowing a more nuanced 

understanding than purely delivering questions to a formula. To account for cultural and language differences, 

the team engaged Iwiri Aboriginal Corporation to ensure interview questions were culturally appropriate and 

could be readily understood.  

1.2.3 In-home monitoring 

We recorded indoor and outdoor temperature and humidity in 12 houses, from May 2024 through August 

2025, along with electricity use for the evaporative coolers, stoves, and electric boost for solar water heaters. 

Electricity supply records from DEM confirmed that cold weather dominates energy consumption. The mean 

daily electricity use for winter in 2024 was 57 kWh, with the maximum daily usage averaging 121 kWh over the 

12 households.8 In contrast, the mean electricity usage over summer in 2024-25 was 21 kWh/day, with the 

maximum averaging 42 kWh/day, across the six non-retrofit houses. For the same houses, the winter quarter of 

2024 comprised over 40% of the annual electricity consumption (June 2024 through May 2025). 

Although monitoring of heater usage at the power outlet was limited to a brief period for two houses, it 

showed daily electricity usage up to 49 kWhτconsistent with a 2000W heater running all day. Over winter 

 
8 Daily electricity usage for a single household was as high as 170 kWh during winter. 

пл҈
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Lǎ ȅƻǳǊ ƘƻƳŜ ǊŜŀƭƭȅ ŎƻƭŘ ƛƴ ²ƛƴǘŜǊΚ
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Figure 3. Households reported that their homes were too hot in summer and too cold in winter, at 

least some of the time. Over half told us their houses were always cold in winter. 
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2024, approximately two thirds of the average daily electricity could be attributed to power outlets, suggesting 

over 30 kWh/day used by heaters (Figure 4). Stove and hot water booster usage also increase in winter (10 

kWh/day for stoves vs 4.0 kWh over the remaining nine months; 5.7 kWh vs 2.6 kWh for hot water), although 

the figures were highly variable. 

Evaporative cooler usage in summer 2024-25 averaged 11 kWh/day, corresponding to about 11 hours of running 

at maximum power. Temperature monitoring showed that, even on days when outdoor temperatures 

exceeded 50°C, the coolers could maintain indoor temperatures below 30°C. 

1.2.4 Modelling baseline house performance 

We developed a computer model of a recent three-bedroom APY house using DesignBuilder, to evaluate the 

ǘƘŜǊƳŀƭ ŀƴŘ ŜƴŜǊƎȅ ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƘŜ ƘƻǳǎŜǎ ƛƴ ǘƘŜƛǊ άŀǎ ƭƛǾŜŘ ƛƴέ ǎǘŀǘŜΦ CƻǊ ǘƘŜ ōŀǎŜƭƛƴŜ ƳƻŘŜƭΣ ŀƛǊ ƭŜŀƪŀƎŜ 

was set to 25 m3/(h·m2) at 50 Pa (mean for the three-bedroom houses in our study; equivalent to 29 air 

changes per hour [ach]).9 Using the calculation methods of NZS 4214: 200610, thermal bridging reduced wall 

and ceiling insulation performance by about half. As a worst-case scenario for the condition of the bulk 

insulation, we developed a separate model with no bulk insulation. 

The performance of the building envelope was quantified in terms of heating and cooling demandτthe 

amount of heat (kWh) that needs to be added and removed from the house, respectively, to maintain indoor 

temperatures in a comfortable 2426°C range. We used NatHERS weather data for climate zone 6 for current 

 
9 This maximum infiltration rate was applied May through September, when the unused evaporative cooler is a major air leakage path 

(see 1.2.1). Assuming the cooler would be in use for the remainder of the year, a reduced infiltration of 17 m3/(m2h) at 50Pa was applied, 

based on an average 8 m3/(m2h) attributable to the cooling system.6 Because the combustion heaters are rarely used (see 1.1.2), we did 

not include them in our modelling, either in terms of heating or venting of indoor air via the combustion chamber. 
10 NZS 4214: 2006  Methods of Determining the Total Thermal Resistance of Parts of Buildings. This is the method prescribed in the 

2022 National Construction Code. However, we calculated bridged areas according to the actual frame layout rather than using nominal 

stud spacing as prescribed. 
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Figure 4. Breakdown of electricity consumption by appliance/circuit, for the 12 

study houses (pooled data) , Winter 2024. The high upper ranges of stove usage 

are consistent with its use for heating in some homes. The electric boost for 

solar hot water (HW Boost) also shows high usage in winter. Because the time 

ǇŜǊƛƻŘ ƛǎ ƘŜŀǘƛƴƎ ŘƻƳƛƴŀǘŜŘΣ ǘƘŜ άhǳǘƭŜǘǎέ ŎƻƴǎǳƳǇǘƛƻƴ όƛƴŦŜǊǊŜŘ ōȅ ǎǳōǘǊŀŎǘƛƴƎ 

monitored appliances from totals) may be largely attributed to bar heaters. 

Evaporative coolers (Evap) were occasionally used. In the box plot, the boxes 

indicate the 25th to 75th percentile ranges, the horizontal lines within each box the 

medians, crosses the means, and circles are outliers. 



 APY Lands Energy Efficiency Retrofit Pilot  12 

climate, and the CSIRO-developed projection of these 

data11 to 2050 under the high-emissions scenario, RCP 

8.5,12 to examine the likely impacts of climate change. 

In the baseline scenario (insulation intact), heating 

demand comprises 45% of the annual total (Figure 5). 

However, the nominal efficiency of the evaporative 

coolers is almost nine times that of the heaters, making 

heating up to 88% of annual electricity usage for heating 

and cooling. The worst-case insulation scenario results 

in a 28% increase in heating demand, and a 6% increase 

in cooling demand. Under RCP 8.5 projections, annual 

cooling demand increases by 42% by 2050, while heating 

demand decreases by 23%, with similar changes for the 

uninsulated scenario. 

The prominence of cold discomfort reported in resident 

interviews, and of heating energy in both monitoring 

and simulation data, highlight cold-weather performance as a clear target for reducing electricity demand. 

However, the warming expected by 2050 indicates that any upgrades will need to also deliver energy efficiency 

in hot weather for lasting impacts. 
 
 

 

 

 
 

 
11 Ren, Z., Tang, Z. and James, M. (2021) Predictive weather files for building energy modelling. User Guide. CSIRO, Australia. 
12 Representative Concentration Pathway уΦрΥ ǊŜƎŀǊŘŜŘ ŀǎ ŀ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέ ŜƳƛǎǎƛƻƴǎ ǎŎŜƴŀǊƛƻΣ ƛǘ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ radiative forcing  

of 8.5 W/m2 above the 2005 level by 2100. The RCPs are climate change scenarios developed for the 5th Assessment Report of the 

Intergovernmental Panel on Climate Change (IPCC). 
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Figure 5 shows annual heating and ŎƻƻƭƛƴƎ ŘŜƳŀƴŘ ŦƻǊ άƛƴǘŀŎǘέ 

ŀƴŘ άƳƛǎǎƛƴƎέ ƛƴǎǳƭŀǘƛƻƴ ŎŀǎŜǎΣ ŦƻǊ current and 2050 RCP 8.5 

climate scenarios. These figures represent the amount of heat 

that must be moved to maintain temperatures between 24 and 

26°C, while the electricity consumption will depend on the 

appliances used. 
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2 Retrofit strategy development  

Our priority in this Pilot was to improve the thermal envelope of the houses, to reduce the energy needed for 

heating and cooling, and to improve protection from extreme temperatures for residents now and in the 

future. In developing the retrofit strategy, we formed specific working groups with our industry partners: one 

to target air leakage and the other targeting insulation and thermal bridging issues.5 

2.1 Exploring solutions 

DesignBuilder simulations of 14 candidate solutions for insulation and thermal bridging showed a greater 

impact on heating demand than cooling. Both simulations and ǘƘŜ ǿƻǊƪƛƴƎ ƎǊƻǳǇΩǎ ranking against weighted 

criteria placed a continuous layer of 50mm rigid foam insulation as the preferred solution for ceilings and 

exterior walls, with installation over the existing exterior wall cladding judged less complex and disruptive than 

other options. The second-ranked option for ceiling upgrades was to install a continuous layer of semi-rigid 

glasswool insulation through the roof trusses, after restoring any compromised bulk insulation. The same 

material delivered the next best wall improvements in the simulations, and was favoured over foam thermal 

break strips in installation trials (see 2.2), where the latter showed excessive compression. Wall upgrades were 

generally considered more complex than ceiling retrofits, but showed slightly greater benefits in most 

simulations. 

The airtightness working group proposed a range of potential solutions for specific leakage points, with 

product selection for gap sealing ultimately relying on trials on site, and in two purpose-built test rooms (see 

2.2). For all retrofit simulations, we assumed airtightness upgrades could achieve an air infiltration rate of 10 

ach (~9m3/(m2h) permeability) at 50 Pa, as the best result from our initial testing in Indulkana and just below 

the upper limit specified in the National Construction Code.7 Of the individual upgrades modelled, airtightness 

had the largest impact on heating and cooling demands. 

2.2 Pre-installation testing 

The project team built two test rooms in Adelaide, mimicking the construction of contemporary SAHT houses 

in the APY Lands (Figure 6). These allowed us to test sealing methods and refine insulation fixing details before 

attempting installation in the remote Pilot location where resources are limited.  

Figure 6. Two 3 m × 3 m test rooms were built in Adelaide, mimicking the construction of houses in the APY 

Lands. They were made possible through the support of industry partners and donors of materials: ICANZ, 

Fletcher Insulation, ATTMA, OptiSeal, Kingspan, Steeline Roofing Mt Gambier, Lysaght, Weathertex, Neata 

Glass, and Efficiency Matrix. 
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We assessed the efficacy of solutions by blower door testing and infrared imaging. We also used the test 

rooms to demonstrate the final retrofit installation techniques to supervisors and trainers of the tradespeople 

performing the work within the Pilot and in future.  

2.3 Finalisation of strategy 

The technical working groups agreed on three levels of retrofit of increasing complexity and predicted benefit, 

to maximise insights from the six study houses. A further six reference houses would remain unmodified. We 

allocated houses such that each retrofit would be tested on one older (constructed up to 2002) and one 

newer (constructed from 2009 on) house, with three older and three newer houses in the control group. The 

three levels of retrofit comprised: 

1. Airtightness upgrades, including gap sealing, replacing extraction fans, and fitting dampers to 

evaporative coolers; 

2. Airtightness upgrades, replacement of bulk ceiling insulation, and addition of continuous insulation at 

the ceiling as thermal bridge mitigation; 

3. Airtightness upgrades, top-up of bulk ceiling insulation, and continuous insulation applied to both 

ceiling and outer surface of exterior walls. 

For Level 2 and 3 retrofits, we elected to test both a semi-rigid glasswool blanket and a rigid phenolic foam as 

the continuous insulation layer. The semi-rigid blanket would be installed through the roof trusses, above the 

bulk insulation and bottom chords, while the foam boards would be attached between existing and new layers 

of ceiling lining. 

2.4 Retrofit simulation 

Simulations showed that each level of retrofit could deliver substantial reductions in heating demand in 

particular (Figure 7). Airtightness upgrades (Level 1) again delivered the largest individual reduction in energy 

demand for maintaining comfortable temperatures. Although adding continuous insulation approximately 

halved heat flows through ceilings and walls, the impacts on energy demand were relatively small. The 

continuous ceiling insulation of the Level 2 retrofit had minimal impact in the simulations. Each higher level of 

retrofit was of greater benefit when the existing bulk insulation was compromised. Both products for Level 2 

and 3 retrofits performed similarly, due to comparable thermal resistances. Climate projections for 2050 shift 

the energy demand towards cooling-dominant. While the retrofits show greater effectiveness in reducing 

annual cooling demand in this scenario than under current conditions, their primary impact is still on heating 

demand, whose attenuation under the hotter climate reduces the overall energy savings. 

In addition to reducing annual heating demand, the retrofits also reduced the associated peak loads. Peak 

heating demand decreased by 34% and 44% for Level 1 and 3 retrofits respectively, while peak cooling demand 

decreased by 8% and 13% respectively. While the high efficiency and fixed power draw of evaporative coolers 

means the peak electricity draw for cooling is unlikely to change substantially according to these simulations,13 

the current reliance on radiant heaters means that any reductions in peak heating demand translate directly 

into reduced electricity loads, important for remote off-grid networks. 

 
13 A reduction of ~140 W for Level 3, if the evaporative coolers operate at their rated 8.85 energy efficiency ratio at all times (which is 

highly optimistic). 
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Limitations 

Our DesignBuilder model was refined over time, and the final version checked by consultants from LBS 

Consult. However, limitations in the software and data available for configuration meant that our estimates of 

cooling demand reduction in particular are likely extremely conservative. Our conservative modelling 

assumptions and their impacts on simulation outcomes are summarised in Table 1. 
 

Table 1. Key modelling assumptions and their impact on simulation results. 

Assumption Impact on Simulations 

Effective thermal break layer in existing 

external walls. 

Less thermal bridging impact than in reality, for most or all baseline 

houses. 

wŜǘǊƻŦƛǘǎ ƘŀŘ ƴƻ ƛƳǇŀŎǘ ƻƴ άƭƛƴŜŀǊέ 

thermal bridging at junctions. 

Diminished impact of Level 3 retrofits. 

No natural ventilation (including windows, 

doors). 

Internal heat gains must be removed by cooling system, and increasingly 

for improved thermal envelope. 

Internal heat gains follow National 

Construction Code,14 but with seven adult 

occupants. 

Approximately 40% of peak cooling demand is made up of fixed 

components: internal heat gains and solar gains through windows, 

restricting the scope for reductions. 
 

 
 

 

 

 
14 H6V2 Verification using a reference building. NCC 2022 Volume Two ς Building Code of Australia Class 1 and 10 buildings. 
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Figure 7. Changes in annual heating (orange and purple) and cooling (blue) demand relative to present-day baseline, for each 

ƭŜǾŜƭ ƻŦ ǊŜǘǊƻŦƛǘΦ ¢ƘŜ ǎƻƭƛŘ ōŀǊǎ ǎƘƻǿ ǊŜǎǳƭǘǎ ŦƻǊ ƘƻǳǎŜǎ ōŜƎƛƴƴƛƴƎ ǿƛǘƘ άŀǎ ƴŜǿέ ōǳƭƪ ƛƴǎǳƭŀǘƛƻƴΣ ǿƘƛƭŜ ǘƘŜ ǘǊŀƴǎƭǳŎŜƴǘ ōŀǊǎ 

show the case where bulk insulation is eliminated from the pre-retrofit baseline. Simulation results are shown for current 

climate and the projected climate for 2050 under RCP 8.5. The Level 2 and 3 variants shown here use the semi-rigid insulation in 

the ceilings and the rigid foam insulation on the walls, with other variants producing similar results . 
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3 Retrofit implementation  

The maintenance contractor for SAHT housing in the APY Lands, Furnell Plumbing, installed building envelope 

upgrades between September and December 2024 (Figure 8; see Year 1 Impact Report5 for further details). We 

scheduled the installation to prioritise roof work in the cooler weather and to ensure completion of all exterior 

work before the extreme heat of summer. SAHT and DEM project members attended during each of the four 

rostered periods, to deliver training prior to commencement of works, verify correct application of materials, 

and assist with problem-solving.  

During the installation process, the project team worked with the contractors to adapt the strategy when 

needed. For example, strips of ceiling insulation were used to cover the roof truss bottom chords, after the 

semi-rigid material caused excessive compression of the softer ceiling batts in one home. 

Some works could not be satisfactorily completed during the installation period. One type of door seal needed 

replacing within weeks of installation, and sealing of cooling system diffusers to ceilings was completed later. 

The combustion heater manufacturer has not approved any products to safely seal the flange of the flue to the 

ceiling, and the flue remains a substantial leakage route (see 7.2.1). 

d e 

a b 

c 

Figure 8. Examples of airtightness upgrades and thermal bridging mitigation measures : (a) damper installed in evaporative cooling 

system; (b) door seal; (c) new cornice detail, applied to linings with caulking ; (d) semi-rigid glasswool covering roof truss bottom 

chords; (e) rigid foam board added to external walls.  
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Installation during the Pilot was labour intensive, but the time required for each component decreased with 

experience. As methods are optimised, the time required for trouble-shooting in future retrofit programs is 

also expected to decrease. Additional training and/or supervision could further reduce the costs of both labour 

and materials. Removing the roof cladding greatly improved accessibility for ceiling insulation upgrades, and 

the difficult access towards the pitching points would have been more limited without this approach. 

The retrofit crews were eager to learn, and to see the impacts of their work. The Indulkana community has 

also shown interest in the principles guiding the retrofits, and the project team has endeavoured to 

communicate clearly to satisfy and nurture this interest. 
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4 Retrofit outcomes 

4.1 Follow-up interviews 
Follow-up interviews for the winter period occurred in June 2025, and again in early November 2025, as only 

two households were available for interview in June. For the retrofitted houses, six pre-retrofit interviews were 

completed and five post-retrofit. The results highlight that residents felt warmer in the houses after the 

retrofit, even when a heating source was not being used (Table 2; corresponding data from all 20 pre-retrofit 

households is presented in Appendix A). Households said they felt warmer when the heater was used post 

retrofit, and when heating was used it was for less time. These improvements were perceived despite windows 

being opened for fresh air. Also worth noting is that reports of using ovens/stove-tops for heating reduced 

from 4/6 households prior to retrofit to 1/5 after. This may be a reflection of the Be Power Smart energy 

education program (see 5.2) in combination with the homes feeling less cold after the retrofits.  

Table 2. Interview responses from retrofit households regarding winter comfort and heating, before and after the retrofit.  

Question Pre-retrofit  Post-retrofit  

Is your home too cold in winter? 83% all the time  

0% never  

20% all the time 

40% never  

Do you use oven as heater? 67% yes 20% yes 

Comfort without using heater? 67% cold  

17% little bit warm  

0% cold  

60% little bit warm  

If heating is used how warm are you? 83% warm 

17% very warm 

40% warm 

60% very warm 

How long do you keep the heater on? 17% all day and night 

67% few hours a day / until warm 

0% all day and night 

100% few hours a day / none 
 

We conducted summer post-retrofit interviews with five out of six households in March 2025 (all six pre-

retrofit interviews were completed). The results for summer were not as profound as for winter, which is 

consistent with the monitoring data (see 4.3). However, the interviews showed that people did feel a positive 

effect after the retrofit (Table 3).15 No household felt that their house was always too hot in summer post-

retrofit, compared to half the households pre-retrofit. A greater proportion of households reported using 

evaporative coolers for only a few hours a day. How cool people felt with the coolers on increased slightly. 

Meanwhile, people felt less hot when the coolers were off. While not related to the retrofit, multiple residents 

reported problems with evaporative cooling when the weather was humid; the frequency of days with higher 

humidity appears to be increasing in the region. 

When householders were asked how they felt in the home after the retrofit, responses were positive for both 

winter and summer, with the overarching theme that they felt warmer in winter and cooler in summer and 

needed to use heating and cooling appliances less. There were also some comments on noticeable reduction 

in draughts and light seen coming in through gaps. 

One resident (Level 3 retrofit house) said that the house now became too cold when running the evaporative 

cooler. Although data were too limited for high confidence, monitoring (see 4.3 below) showed a significant 

reduction in evaporative cooler usage in this house on days with outdoor mean temperatures above 30°C 

(Figure 9). The same household reported rarely using a heater since the retrofit.  

 
15 In many cases, multiple answers were selected, indicating a dependency on weather conditions and potentially occupancy at any given 

ǘƛƳŜΦ ²Ŝ ŎƻƴǎƛŘŜǊ ǘƘŀǘ ǳǎƛƴƎ ŎƻƻƭŜǊǎ ŦƻǊ ƻƴƭȅ ŀ ŦŜǿ ƘƻǳǊǎ ŀ ŘŀȅΣ ŀƴŘ ŀƭǎƻ ŀƭƭ Řŀȅ ŀƴŘ ƴƛƎƘǘΣ ƭƛƪŜƭȅ ǊŜǇǊŜǎŜƴǘǎ άǘȅǇƛŎŀƭέ ŀƴŘ άǿƘŜƴ 

ƴŜŜŘŜŘέ ŎŀǎŜǎΦ 
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Table 3. Interview responses from retrofit households concerning summer comfort and cooling, pre- and post-retrofit.  EC = evaporative 

cooler. 

Question Pre-retrofit  Post-retrofit  

Is your home too hot in summer? 50% always 

50% sometimes 

100% sometimes 

How long to you keep EC on?15 50% few hours a day 

67% when home / all/most of day 

80% few hours a day 

100% all day & night 

How cool are you in summer when 

cooling is used?15 

33% cool 

67% very cool 

60% cool  

80% very cool  

Are you too hot in summer with no EC? 83% hot 

17% little bit hot 

60% hot 

40% little bit hot 
 

 

Key challenges in the interview process were:  

¶ The same residents were not always present in 

each house both before and after the retrofits, to 

report on observed changes. 

¶ While the structured interview format helped to 

collate and quantify responses, it did not readily 

foster elaboration or suit the story-based speech 

patterns of AἬangu. 

¶ Translation of the questions into Pitjantjatjara, 

with review for clarity, helped facilitate interviews 

in a region where English is not widely spoken, but 

language was a barrier in seeking clarification 

during the interviews if interpreters were not 

present. 

¶ The level of detail contributed by residents varied 

between households. Some gave detailed 

explanations while other responses were very 

limited. Residents generally (but not always) 

spoke more when EEWs were present. 

Further issues are discussed in 10.1. 

In addition to the Pilot, the South Australian Housing Trust (SAHT) commenced a broader program of 

retrofits in the APY Lands in May 2025 (see 11.5.3), beginning with ceiling insulation upgrades. Residents 

commented that they felt an immediate difference once the insulation was improved, with houses being cooler 

in summer and warmer in winter. Informal reports have indicated noticeable improvements in comfort when 

continuous wall insulation was installed.  

4.2 Building performance improvements 

Improvements in airtightness averaged 53% (42 to 65%) across the six retrofit houses (Figure 10). Blower door 

testing showed infiltration rates ranging from 8.6 to 16 m3/(m2h) at 50 Pa pressure (9.6 to 19 ach). Installation 

of dampers on evaporative coolers and new cornice details drastically reduced air leakage via ducting and wall-

ceiling connections respectively. Because sealing work was incomplete at the time of testing, we anticipate 

Figure 9. Daily evaporative cooler use in an older house, for 

days with a mean outdoor temperature above 30°C, shows a 

significant reduction in electricity consumption after the level 3 

retrofit.  
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further improvements following flue and door seal replacements and sealing of air conditioning registers to 

the ceiling. 

There appears to be some relation between the age of the houses and the post-retrofit permeability 

reduction: although permeability was about halved in each case, houses built from 2013 on measured between 

8 and 12 m3/(m2h) at 50 Pa after the retrofit, while those constructed 2002 and earlier reduced to between 12 

and 18 m3/(m2h) at 50 Pa. In addition to increased wear and tear (and therefore gaps), older houses contained 

a greater range of materials, presenting increased difficulties in sealing.  

Thermal imaging qualitatively showed a reduced degree of thermal bridging after upgrading walls and ceilings 

with continuous insulation (Figure 11). In some parts of the ceiling, the roof space was too narrow to allow 
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Figure 10. Airtightness improvements following the retrofits averaged 53%. The higher post -retrofit permeability figures  are all 

for older houses. 

 

Figure 11. Infrared imaging of  one exterior wall before (left) and after Level 3 retrofit  (right) , showing a distinct reduction in visible 

thermal bridging . White arrow indicates the same location in each photograph. Note the different temperature colour scale between the 

two images. The visible bridging at screws in the post-retrofit image may be a result of the higher -resolution camera, as well as a 

reducti on in visible bridging via the frame. 
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upgradesτa limitation that would not be present for a new-build. There was some evidence of air infiltrating 

the bulk insulation layer from the top of external and partition walls under depressurisation conditions. This 

highlights the importance of sealing at top- and bottom-plates of walls whenever they are accessible6 (see also 

7.2.2).  

Qualitative observations from the infrared survey suggested that the Level 3 retrofit houses were better able 

to retain heat than houses before the retrofit. This was indicated by internal surfaces reaching higher 

temperatures than were achieved in baseline testing. However, the different weather conditions preclude 

direct comparison. The initial infrared survey was not designed as a quantitative assessment of thermal 

bridging for comparison to a post-retrofit result, aiming rather to locate problems in the thermal envelope. 

This further limits direct quantitative comparison. 

4.3 Energy impacts 

To test for changes in electricity consumption for heating and cooling, we grouped monitoring and electricity 

supply data from February 2024 through August 2025 according to daily mean outdoor temperatures. This 

allowed us to compare energy use between retrofit and non-retrofit houses, for equivalent weather 

conditions, regardless of dates and discontinuities in the data. 

The Level 3 retrofit delivered a significant 

reduction in cold-weather16 electricity use, relative 

to reference houses and other levels of retrofit 

(Figure 12). Pooling data for all six retrofit houses 

likewise showed significantly lower electricity 

consumption on cold days than for reference 

houses. Pre- and post-retrofit comparisons for 

each level of retrofit showed a clear trend towards 

lower total electricity consumption on days below 

17°C after the upgrades, with reductions in the 

order of 20 kWh/day (Figure 13).17 No significant 

differences were detected in cold-weather stove 

and hot water boost usage, but data were limited.  

Comparing household electricity use on cold days 

with days between 22 and 28°C, we estimated a 

mean heating demand of 40 kWh (equivalent to 

running a 2500 W heater for 16 hours). This is 

comparable to the average of 35 kWh for living room heating at similar temperatures in the detailed heating 

and cooling simulation of a baseline house. While the ǎƛƳǳƭŀǘƛƻƴǎΩ high average household heating demand 

(over 100 kWh/day) is based on a constant indoor temperature of 24°C, daily electricity consumption above 

120 kWh was not uncommon on days below 17°C, particularly in non-retrofit houses. The significant decrease 

 
16 .ŀǎŜŘ ƻƴ Ǉƭƻǘǎ ƻŦ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀƎŀƛƴǎǘ ǘŜƳǇŜǊŀǘǳǊŜΣ ǿŜ ŘŜŦƛƴŜŘ άŎƻƭŘ Řŀȅǎέ ŀǎ those with mean daily outdoor temperatures 

no higher than 17°C. 
17 The one exception was the newer of the Level 3 retrofit houses: although it showed increased electricity use on cold days after the 

retrofit, the usage was still similar to the other five post-retrofit houses, and indoor temperatures were substantially lower in similar 

weather prior to the retrofit. The household seldom used an electric heater during the previous winter, and there were some changes 

in occupancy. 
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Figure 12. Total daily household electricity consumption on days below 

17°C, showing a significant reduction (p < 0.00001) in Level 3 retrofit 

houses (star) relative to each other category . Note that the higher 

median consumption in Level 2 houses is not statistically significant, 

and that one Level 2 house showed high energy consumption both 

before and after the retrofit but nonetheless showed a reduction (see 

also Figure 13). 
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in household electricity use on cold days, following the 

Level 3 retrofit, corresponds to a reduction of 24 

kWh/day in mean electricity consumption. Relative to 

the baseline 40 kWh/day for heating, we can thus 

speculate that the level 3 retrofit could reduce heating 

demand by about 60%. 

For the one house with pre- and post-retrofit data 

available, evaporative cooler electricity consumption 

was significantly lower after the Level 3 retrofit on hot 

days (Figure 9).18 While we have low confidence in this 

result, due to the limited data available, it is consistent 

ǿƛǘƘ ǘƘŜ ǊŜǎƛŘŜƴǘΩǎ ƛƴǘŜǊǾƛŜǿ ǊŜǎǇƻƴǎŜǎ όǎŜŜ 4.1). Across 

the broader dataset, we could not detect significant 

differences in evaporative cooler use between retrofit 

levels,19 or between retrofit and reference houses, with 

daily usage averaging 1013 kWh. Total household 

electricity use, for hot days on which evaporative 

coolers were used, does not obviously match the results 

for cooler usage, with Level 1 and 2 retrofits showing 

significantly greater total daily consumption relative to 

both reference houses and Level 3 houses. 

Indoor temperature trends were inconsistent, as data 

were limited and highly variable. The only statistically 

significant result was that mean daily living room 

temperatures were lower for Level 3 retrofit houses 

than for Level 2 on hot days when evaporative coolers 

were used. Nonetheless, plotting living room 

temperatures for days on which evaporative cooler use 

was recorded indicates that the coolers maintained 

average daily temperatures below 26°C on most days 

across all houses. 

4.4 Learnings 

Reports of improved comfort and decreased 

dependence on heating and cooling are a positive 

ƛƴŘƛŎŀǘƛƻƴΣ ōƻǘƘ ƛƴ ǘŜǊƳǎ ƻŦ ƻǳǘŎƻƳŜǎ ŀƴŘ ǊŜǎƛŘŜƴǘǎΩ 

awareness of thermal comfort and energy use. Local 

workers involved in the broader retrofit program based 

on our work (11.5.3) have reported that their families felt distinct differences from one day to the next, upon 

installation of the insulation upgrades. 

 
18 Defined here as days with a mean outdoor temperature above 30°C. 
19 Level 3 retrofit houses did show significantly lower evaporative cooler electricity usage than Level 2 houses, for hot days, but of the 

two Level 2 houses, the one with high cooler usage contributed 21 of 23 data points. 

Figure 13. Box plots showing total daily household electricity , 

before and after upgrades, for each retrofit house.  For each 

ƭŜǾŜƭΣ άƻƭŘέ ŘŜƴƻǘŜǎ ƘƻǳǎŜǎ ōǳƛƭǘ ōŜŦƻǊŜ нллоΣ ǿƘƛƭŜ άƴŜǿέ 

denotes houses built from 2009 onwards. 












































































