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Executive Summary
The Residential Heat Pump Study was a three-year study on the commercial-scale demonstration 
of renewable (thermal energy) ground source heat pumps (GSHPs, or geothermal air-conditioning) 
deployed in the ‘Fairwater’ master planned residential community, located in western Sydney. The Project 
provides evidence for industry-wide adoption of GSHPs as part of local, renewable and efficient energy 
infrastructure.

The project demonstrated key achievements against five project outcomes. The study:

1. Demonstrated the impact on peak demand and total consumption for grid energy.

2. Quantified the actual energy performance of the GSHP system and impact on cost of living for 
residents (compared to business as usual).

3. Calculated the economic costs and benefits to the developer, residents and the distribution network 
service providers.

4. Produced the technical and commercial evidence base required to reduce the level of electricity 
network augmentation in future similar projects and established the commercial merits of 
industry wide adoption of GSHP technologies and systems approaches in residential greenfield 
developments.

5. Demonstrated the impact on urban heat island outcomes (compared against a similar nearby site).

A summary of the key achievements of each outcome is shown below.

 
Outcome 1: The study demonstrated impact on peak demand and total consumption for grid energy

University of Technology Sydney (UTS) addressed this outcome through a careful analysis of sub-
metered data of the Fairwater Study Households and a comparative analysis of Fairwater Estate and 
North Kellyville (a suburb with comparable housing efficiency and high penetration of conventional air-
conditioning). 

Focusing on homes with no Photovoltaic (PV) systems, the study identified savings and benefits to the 
electricity network through reduced peak demand and deferral of network augmentation:

• Fairwater Estate GSHP houses were found to consistently demand less power than North Kellyville 
houses when ambient (external) temperatures deviate from the comfortable range.

• Demand from conventional air-conditioning (heating and cooling) increases by between 6% and 
11% in hot weather and between 3.5% and 9% in cold weather for every degree. On the other hand, 
geothermal air conditioning reduces this rate to between 4.5% and 9% for hot weather and between 
2% and 6% for cold weather. Due to the compounding nature of these rates at which demand 
increases, savings rapidly increase in terms of kW when temperatures are extreme.

• The electricity energy consumption of Fairwater homes with GSHPs was found to be 21% less than 
similarly sized homes with conventional air-conditioning across the study period.
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Our detailed monitoring and analysis of 40 homes at Fairwater revealed that:

• Across the two-year study period, air-conditioning was found to be 37-42% of annual household 
electricity usage. AC was found to be a key driver of the summer consumption with the cumulative 
peak seen in the late evening. Twin peaks in electricity demand occur in the early morning and late 
evening in winter and are influenced by both AC and uptake of other appliances and plug loads.  

• A wide variation between homes in the extent to which AC is relied upon even when climate, 
construction and occupancy are not different was evident.  For example, the adaptive model of 
comfort rather than fixed assumptions of heating and cooling set points offers a user responsive and 
climate appropriate pathway for managing buildings.

• Additional analysis reveals high performance air-conditioning and renewable technology in and 
of itself is not a solution in the quest to reduce dependence on air-conditioning.  While the GSHP 
system was very well received by the occupants, the seamless integration of ducted air-conditioning 
poses the challenge of over-reliance on air-conditioning all year round.

• A high take up in roof top solar was evident in the Study Homes.  In this subset we identified a 
heightened electricity consumption (30% on average), low self-sufficiency and low self-consumption 
which diminished the full potential for greenhouse gas reductions from renewable energy.

• Our study findings indicate that user behaviour and occupant preferences play a key role in actual 
performance and savings that can be realised.

Curtin University addressed this outcome focusing particularly on the timing of energy use. 

• The aggregated analysis revealed that individual households naturally vary their energy 
consumption in similar ways. The precinct’s energy profile typically followed four different daily 
energy profiles. Each energy profile had unique peaks in energy usage that varied in magnitude and 
time of day. These peaks relate to the synchronisation of occupant routines and practices which 
result in the energy demand aggregating over the precinct exposing the network to a high load.

• Some energy profiles observed sharp morning and afternoon peaks while others showed broad 
peaks over a longer period. The timing and intensity of energy consumption varied throughout the 
study period.

• Energy from Solar PV systems is underutilised as energy practices are not performed at the same 
time as generation. This minimises cost savings for homes and demand relief on the grid. Installing 
larger Solar PV systems does not increase the amount of solar energy used by these homes as they 
have not shifted the timing of their energy-intensive practices. 

• Peak demand was often caused by the AC being used demonstrating the energy intensity of this 
system. This intensity varied depending on the indoor temperature and the thermostat setting.

• During COVID-19 lockdowns, the morning energy peak was shifted from 7am to 8 to 9am and the 
energy consumption increased during 10am to 3pm. 

• These lockdowns and restrictions saw an increase in energy consumption within the home due to the 
usage being shifted from the workplace to the home.
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• COVID-19 and post COVID-19 lockdowns observed a permanent shift in the way energy is 
consumed within the home. Occupants reported they continued to work from home after lockdowns 
and restrictions were released. 

• This change in energy usage achieves better alignment with Solar PV generation without the need 
for smart devices and energy management systems.

 
Outcome 2: The study quantified the actual energy performance of the GSHP system and impact on 
cost of living for residents (compared to business as usual)

UTS addressed this outcome through analysis of Energy and Network Outcomes for Fairwater Residents. 

Focusing on non-solar homes at Fairwater Estate and North Kellyville:

• The study indicates dollar savings attributable to take up of heating and cooling would equate to 
an average of $238 per annum, based on Fairwater homes consuming 21% less electrical energy in 
comparison to North Kellyville homes when normalised for house size. 

• Importantly, the study also identified the combined effect of a more compact home and the use 
of geothermal air-conditioning at Fairwater resulted in 38% less electrical energy consumption 
than North Kellyville homes – equating to a saving of $557 per annum at 22.96c per kWh over the 
24-month period from 1 Sep 2019 to 30 Aug 2021.

• In terms of greenhouse gas emissions, the savings for a more compact home with geothermal air-
conditioning represents 2.18 T of CO2e (scope 1, 2 and 3) on average per home and across an 800-
home estate could result in 1746 T of CO2e emissions per annum.

Further to UTS outcomes outlined under Outcome 1, additional analysis of the study cohort homes 
indicates that:

• Under the simple definition of net zero on average Solar PV houses at Fairwater are Net Positive 
with reference to electricity as well their gas consumption for hot water and cooking.  However, our 
study has shown that the Solar PV houses consumed more electricity and air-conditioning (40% 
more on average) than homes that had never installed Solar PV.

 
Curtin University has addressed this outcome by discussing the performance of the houses, including the 
GSHP and how the Solar PV systems are used with it. 

• The utilisation of the GeoAir system varied between the Fairwater households due to individual 
home practices of staying comfortable. 

• Households can be grouped into high, medium and low users relating to how often they rely on their 
GeoAir system.

• The Fairwater residents often used the GSHP air-conditioning systems more frequently in the 
winter during the morning and late afternoon to heat the home compared to the summer period. 
During the summer, the residents did not regularly use this system in the morning to cool the home 
and only rely on it for thermal comfort in the afternoon.
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• Summer observed a single afternoon peak when the home has been exposed to hot outdoor 
temperatures during the day (typically unoccupied). Alternatively, the winter saw a dual-peak profile 
in the morning and afternoon where the home is exposed to cold temperatures overnight and does 
not heat up enough during the day.

• Energy from home Solar PV systems is enough to meet the air-conditioning demand but it is not 
being generated when the systems are being used. However, the impact of COVID-19 on working 
lifestyles may shift this consumption to with higher occupancy during the day.

• Fairwater occupants followed different strategies towards achieving thermal comfort within the 
home. Some households relied on the GeoAir system to maintain comfortable indoor temperatures 
while others were able to avoid this high consumption practice. This was prevalent during heat 
waves and cold snaps during the study period.

• Additionally, the thermostat setting influenced the intensity of the consumption peak. Households 
that had a more extreme setting (e.g. low temperature setting for hot days) observed much sharper 
and larger peak in their energy profiles while conservative homes had a smaller peak. 

Outcome 3: The study calculated the economic costs and benefits to the developer, residents and the 
distribution network service providers

UTS addressed this outcome through the study of Energy, Network Commerciality Outcomes.

• As outlined above the study has identified tangible savings in electricity use for residents (as outlined 
in Outcome 1). 

• The study has also identified reduction in peak demand (as outlined in Outcome 1) which can lead to 
reducing the level of network augmentation, as well as cumulative benefits for demand management 
during extreme weather events.

• Our findings suggest the benefits enjoyed by the networks are greater in comparison to residential 
customer energy savings from GSHP and highlight the opportunity to ensure benefits to the network 
are also passed on to property developers and consumers.

• Economies of scale through installation at a precinct level enabled cost-effective installation of 
GSHP air-conditioning. At Fairwater, the GSHP air-conditioners were reported to cost around an 
additional $5,000 compared to conventional air-conditioners or 1.2% of the average construction 
cost of a 3-bedroom Fairwater home.  

• Our findings suggest that geothermal air-conditioners are a profitable investment - the additional 
cost is arguably absorbed within a $55,487 premium paid for Fairwater properties within the 6 
Star Green Star Communities developments compared to non-Fairwater properties (with similar 
attributes such as number of bedrooms and age) located in the Blacktown LGA during 2014 and 
2021.
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Outcome 4: The study produced the technical and commercial evidence base required to reduce the 
level of electricity network augmentation in future similar projects and established the commercial 
merits of industry wide adoption of GSHP technologies and systems approaches in residential 
greenfield developments

UTS addressed this Project Outcome through the study of Energy and Network Outcomes.

• GSHP air conditioners show significant benefits to the electricity grid during temperature extremes 
as already outlined in Outcome 1.

• Our comparative analysis, which serves as the primary evidence base for reducing the level of 
network augmentation, uses Smart Meter data sourced from Endeavour Energy by UTS.  We 
contextualise this value by looking at how networks value avoided demand. In our report we 
demonstrate benefits at both the local level by looking at peak demand on the distribution grid and 
the associated cost of avoiding upgrades, and at the level of NEM jurisdictions by looking at state-
wide enactments of emergency market actions.  

• It should be noted that a full cost-benefit investigation, including the capital costs of systems, 
installation and maintenance, embodied energy or direct emissions (including global warning 
potential from possible refrigerant leakage) is outside the scope of the study and could be considered 
as a next step when commissioning additional research. 

• Additionally, future trial with a single residential development site with 50% conventional and 50% 
GSHP air conditioners could provide an excellent baseline and treatment group comparison to 
eliminate potential confounding factors. 

 
Outcome 5: The study demonstrated the impacts on urban heat island outcomes (compared against a 
similar nearby site).

UTS addressed this outcome through an Urban Heat Study.  Mitigating Urban Heat is crucial in the context 
of increased urbanisation and climate change.  Our study has found that the integration of building and 
landscape strategies can contribute to the health of residents and the long-term resilience of the precinct.  

• With respect to the Fairwater precinct, our analysis indicates that the Fairwater residential housing 
units were the warmest areas (high LST, and high SUHI) due to the lowest amount of green space 
and greenness compared to the green park areas, lakes, and undeveloped areas at the precinct.  
On the other hand, Fairwater housing area was amongst the coolest, when compared with other 
residential areas, including Blacktown, Kellyville, and the Ponds.  However, the investigations within 
the scope of the present study were inconclusive to determine secondary influences on SUHI, such 
as reduction in waste heat from GSHPs. 

• The light-coloured roofs of the Fairwater homes were found to have a cooling effect of 3-4°C with 
respect to surface temperature. 

• Light-coloured roofs were also found to compensate for the lack of mature trees during the study 
period.  Our study comparison with established areas of Blacktown and neighbouring suburbs 
indicates that combined with established trees they will lead to further cooling.  

Based on these five outcomes, UTS and Curtin University offer key lessons and insights for policy, 
planning and supply chain development with respect to GSHP air-conditioning (AC) systems, house 
construction, and implications for monitoring, user engagement and feedback.
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Introduction
Opened in 2016, Fairwater was heralded as one of the country’s most progressive, environmentally-
friendly community developments: 800 homes set in a landscape including wetlands, and with the 
largest geothermal heating and cooling system in the southern hemisphere.  To gauge whether Fairwater 
delivers predicted sustainability, resilience, well being and commerciality benefits, the University of 
Technology Sydney (UTS) and Curtin University (Curtin) has collaborated with Climate-KIC to establish 
the Fairwater Living Laboratory in 2019, with funding from the Australian Renewable Energy Agency 
(ARENA) and additional financial support from Frasers Property Australia (Frasers) and the NSW 
Department of Planning Industry and Environment (NSW DPIE) (formerly NSW Office of Environment 
and Heritage).   

This report details the multidisciplinary research led by UTS and Curtin, and documents outcomes 
achieved at the end of the Fairwater Living Laboratory project.  The analysis draws on detailed 
monitoring of energy and environmental conditions and occupant studies in 40 recruited individual 
households as well as aggregate and precinct level data for network demand, environmental parameters 
and urban heat.  Such a study, with detailed monitoring in relation to air-conditioning, energy use, 
geothermal heat pumps and occupant behaviour has not been undertaken before to our knowledge and 
offers opportunity for policy development and knowledge dissemination based on real monitored data. 

The Living Laboratory approach develops a unique and rich narrative of 
building and precinct performance based on actual monitored data

During the course of the study, UTS led the development and administration of three household surveys 
relating to house and geothermal air-conditioning performance, satisfaction and everyday practices for 
summer and winter, co-designed with the research team at Curtin.  In addition, UTS also implemented 
a suite of other observation and feedback studies. These included unique snapshot SMS surveys about 
coping with extreme weather and residents’ associated practices, a series of walking track monitoring 
studies, and phenocam studies of local greenery. UTS also administered a detailed Community Survey 
which attracted an additional 97 households from the Fairwater Estate and provided feedback on 
important aspects of house performance, environmental sustainability and community outcomes from 
the wider community.  

The highly detailed electricity data collected at half hourly intervals for all of the main end uses including 
air-conditioning energy in the home, coupled with concurrent information about household occupancy 
and indoor temperature and humidity over a 24-month period- alongside occupant feedback- offers a 
unique and rich narrative of performance. We are not aware of any other study that captures data at the 
granular scale of the present study.  In addition, we carried out a comparative analysis of smart meter 
data for Fairwater Estate and North Kellyville (a suburb with comparable housing efficiency and high 
penetration of conventional air-conditioning).  UTS research reveals the outcomes in relation to actual 
energy performance, total consumption for grid energy, peak demand, cost of living for the residents as 
well as benefits to the developer, residents, and the distribution network service providers. In doing so it 
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provides the evidence base for decision-making in relation to the technologies and systems approaches 
in residential greenfield developments. Using analysis of the qualitative and monitored data, the study 
also elicited outcomes for Fairwater residents, community resilience, urban heat and commerciality.  

Curtin focused their analysis on the routine and practice side of resource consumption within the home. 
This is an important aspect for technology development and relevant policy making as the underlying 
reason for energy consumption is due to the lifestyle and routines of the occupants. 

The Curtin University Sustainability Policy Institute specialises in social theories that explain why 
resource consumption occurs within the household, and why occupants perform certain practices and 
follow specific routines. A principal concept relating to these theories discusses the routines of the 
occupants and how people follow similar routines on a daily basis. These routines can vary from home 
to home due to the make-up of the household and the institutional rhythms and commitments of each 
occupant. 

From this theoretical background, Curtin has developed an algorithm utilising machine learning 
techniques (K-Means Clustering) to identify these routines in the energy and water consumption data 
from the Fairwater homes. This algorithm was used to investigate the energy practices and habits of the 
Fairwater residents leading to the discussion of why some households consume resources differently 
compared to others. Furthermore, the algorithm classified households using their profiles and put them 
into groups with each group representing a set of households that follow similar energy and water 
profiles. Additionally, this algorithm analysed the utilisation and alignment of solar PV generation within 
these specific household groups to show how aligned demand is with this generation. This assessed how 
different household groups achieve different utilisation rates which was linked back to the lifestyles of 
each of the households. 

The Curtin research discusses how occupant practices can impact the performance of the home, solar PV 
systems and the ground-source heat pump supported GeoAir systems. 

It is acknowledged at the outset that the integration and operation of geothermal air-conditioning goes 
beyond the technical performance of the system.  Performance in practice is intrinsically related to the 
design of the home and its thermal efficiency, as well as the manner in which occupants interact with the 
technologies and their preferences, behaviour and practices.  

Highlights of the study are provided in the following sections:

• UTS Findings and Recommendations

• Curtin Findings and Recommendation
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UTS Findings and Recommendations
 

UTS KEY LESSONS IN RELATION TO GROUND SOURCE HEAT 
PUMPS (GSHP) INCLUDE:
In comparison to residential settings with conventional reverse cycle heat pumps, GSHP or 
geothermal air-conditioning has the potential to:
• Save Energy
• Deliver substantive reductions in greenhouse gases
• Reduce peak demand at a compounding rate as temperature in extreme weather
• Deliver further benefits to the electricity network through deferral of network 

augmentation

The seamless integration of GSHP as part of a ducted AC systems means that:
• There are no visible or perceptible differences to occupants compared to conventional 

systems
• It is well received and deployed by occupants
• The system as installed poses the challenge of over reliance on air-conditioning and 

heightened consumption amongst users

The system was found to be cost effective for developers who included the system as part of a 
6 star green star Communities development for 800 homes:
• Associated earthworks and installation are able to be easily staged and managed when 

undertaken at precinct scale
• the cost outlay was 1.2% of the average construction cost of a three bedroom home
• the sustainable development at Fairwater was found to command a premium of 7.1% of 

the average price paid for a non Fairwater property of similar attributes

User behaviour and occupant preference play a key role in the actual performance and 
savings that can be realised when installing new technology such as GSHP: 
• Residents would benefit from a targeted program of user engagement and education 
• Engaging with residents and consumers is a critical way for industry and regulatory 

bodies to gain feedback and insights in relation to interventions (such as GSHP) that are 
implemented
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In addition to GSHP, providing community resources that are well designed and integrated 
into the built fabric of planned precincts reaps dividends with respect to the health, well-being 
and resilience of the resident population:
• The design and proximity of walking tracks and parklands to residents’ homes were 

identified as influential factors for increased physical activity
• Certification of developments at a precinct scale through the adoption of a third-party 

and sustainability-driven rating tool such as Green Star – Communities has positive 
impacts on residents.

• A more rigorous integration of accessible active and public transport links and amenities 
stemming from collaboration between developer and local and state regulatory bodies 
may result in more efficient and appealing alternative travel infrastructure.

Mitigating urban heat is vital in the context of increased urbanisation and climate change 
especially in locations such Western Sydney:
• Integration of building (eg. light coloured roofs) and landscape strategies (eg. parklands, 

mature trees and planting for the future) are vital and can contribute to health of 
residents and long-term resilience of the precinct.

 
ENERGY OUTCOMES AND INSIGHTS
The interrelationship between the design of the homes, their performance, as well as occupant 
preferences and behaviour were analysed through the quantitative and qualitative analysis of data 
collected from the 40 study homes.  

Fairwater homes delivered an exceptionally high satisfaction with 
respect to design and overall comfort for residents

The occupant satisfaction with houses as designed was remarkably high for the overall design of 
the house (85-97%), interior layout and appearance, outlook and connection with the outdoors and 
suitability for their needs before and during COVID-19 lockdown, and to a lesser extent (approx. 70%) 
with respect to privacy and the provision of usable private outdoor space or backyard space.  High 
satisfaction for overall comfort (92-95%) was accompanied by positive feedback for natural and artificial 
lighting, as well as airflow and air quality.  Occupants found the houses to be very comfortable in the 
mid-season, with varied responses in relation to summer and winter.   On the other hand, concerns in 
relation to noise and acoustic quality were linked to noise between rooms and floors within the home, 
and from adjoining properties.  The high ratings for design and comfort were consistent across the 
Study Households and the wider Fairwater Community.  Satisfaction with the home, and its attendant 
amenities ensures there were no impediments that would cloud assessments of thermal performance. 
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Fairwater homes largely met expectations for occupant thermal comfort 
even in the absence of air-conditioning

From an overall thermal performance perspective, it is clear from our analysis of the Indoor 
Environmental Quality (IEQ) data captured when air-conditioning (AC) was not in use, that the homes 
designed to be compliant to the prevailing National Construction Code in 2014 are able to achieve 
indoor conditions of at least around 10-15°C less than peak summer temperatures and around 7-12°C 
higher than peak winter temperatures.  Nevertheless, around 30% of Study Households expressed 
dissatisfaction with the thermal conditions in summer and winter in the absence of air-conditioning in 
Year 1, with slightly lower levels of dissatisfaction over the second and milder summer in Year 2.  These 
findings highlight the important role energy efficiency standards can play in improving the thermal 
efficiency of the building envelope in residential buildings.  However, the discomfort experienced, 
alongside the growing challenges of extreme climate also emphasise the need for increased stringencies 
for the building envelope and mitigation of air infiltration to ensure further improvements to thermal 
performance.  

The adaptive model of comfort rather than fixed assumptions of heating 
and cooling set points offers a user responsive and climate appropriate 
pathway for managing buildings

When homes were occupied, and air-conditioning was not in use, most of the observed temperatures 
were found to lie within the adaptive model of thermal comfort.  This model asserts preferred 
temperatures are a function of ambient temperature conditions rather than a fixed setpoint.  Moreover, 
most households reported they resort to air-conditioning only after adjusting clothing and switching on 
ceiling fans.  However, it was evident that there was some reluctance to open windows even when the 
weather was appropriate.  This was attributed to noise, dust and security concerns. These aspects point 
to the opportunities and importance of fostering more climate appropriate and user responsive practices 
for users through design and education.  

While the need for supplementary heating and cooling to mitigate discomfort is fully acknowledged, 
entrenching expectations for standardised and a very narrow range of comfort conditions will 
exacerbate dependence on air-conditioning regardless of the efficiency of the system, and incur an 
energy penalty for every degree decrease in operative temperature in summer, or increase in operative 
temperature in winter.  

Our findings with respect to electricity consumption, air-conditioning and user behaviour have a number 
of implications for the design and policy for future homes.  
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On average, Fairwater homes consumed 13.6 kWh of electrical energy per day in 2019-20 and 14.5 kWh 
per day in 2020-21.  This excludes gas consumption used only for gas cook-tops and instantaneous hot 
water systems.   

Air-conditioning is a substantive component of energy use in a home 
and key driver of the summer and winter peak electricity demand
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On analysing the energy usage and demand for the Study Households, we found air-conditioning to 
be, on average, 42% of the annual household electricity usage in 2019-20 and 37% in 2020-21 for this 
cohort.  Air-conditioning was found to be a key driver of the summer electricity consumption with the 
cumulative peak seen in the late evening which matches the periods of high demand on the electricity 
network.  Twin peaks in electricity demand occur in the early morning and late evening in winter and 
are influenced by both air-conditioning and the uptake of other appliances and plug loads.  As discussed 
elsewhere in this summary, the demand peaks typically fall outside “sunshine” hours when solar energy 
is generated, and the ability of an air-conditioning system to moderate (or dampen) the demand becomes 
imperative.  

Another important finding was that “power” or plug loads for Fairwater homes constituted 46-49% of 
electricity loads at Fairwater.  While not the direct scope of the present project, our data on plug loads 
and equipment usage can serve to establish user profiles towards designing for net-zero efficient homes.   

We found a wide variation between homes in the extent to which AC 
is relied upon even when climate, construction and occupancy are not 
different, indicating user preference and behaviour can greatly influence 
air-conditioning energy

Our study found that across the code-compliant homes, user behaviour more than Star Rating was 
influential in explaining the real dependency on air-conditioning and the variation in AC usage.  Our 
analysis shows all homes relied on air-conditioning to some extent in summer and winter.  While the 
need for AC is arguably a function of warmer outdoor temperatures in summer and cooler outdoor 
temperatures in winter, take up of air-conditioning was found to vary widely and constitutes as much 
as 13-70% of a home’s electricity consumption in summer across the study cohort.  Our analysis of 
monitored data over the two-year study period, has revealed that user preferences and behaviour play a 
significant role in the take up of AC and the energy consumption attributed to AC.  

Our analysis of the monitored data show that some households tend to control their homes to a 
fixed temperature range and condition their homes to a greater extent even in mid-season months, 
whereas others adopt a more climate responsive approach in sync with outdoor temperature.  This is 
corroborated by the significant association between AC energy and operative temperature indoors seen 
in our analysis.  Interestingly, our study also identified some households tend to use AC indiscriminately 
over the year and especially during periods when outdoor conditions are benign, and indoor comfort is 
achievable without air-conditioning.  Our detailed analysis confirms the energy penalty of such practices.  
AC energy was found to be strongly correlated with the hours that AC is in use when the house is 
occupied, as well as with the extent to which AC is relied upon during periods where relatively milder 
outdoor conditions would suggest air-conditioning is not typically warranted.  

The results also suggest a cautionary lesson where the tendency to have AC ‘on-tap’ as the default mode 
of operation can lead to some level of indiscriminate air-conditioning. The requirement of maintaining 
the system energised across the year results in a stand-by power consumption for AC which is 7% of total 
electricity consumption and 18% of AC energy across the year.  
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COMPARITIVE BENEFITS OF GEOTHERMAL AC – SAVINGS AND 
NETWORK BENEFITS
Geothermal air-conditioning (or ground source heat pump GSHP) systems such as those installed at 
Fairwater, harness the stable ground temperatures for heat exchange while heating or cooling a building.  
Such systems would be expected to perform better than conventional air-conditioning systems that 
rely on heat exchange with ambient air which can be more inefficient when temperatures are extreme. 
However, little is known about the monitored performance of GSHP in practice in an Australian context, 
and especially the impact of geothermal air-conditioning on network demand and savings.  

INTERNAL WORKS
All internal works are conventional. No alternate 
design or installation methodology is required to 
accommodate the GeoAir system. GeoAir uses 
Australian manufactured fan coil units.

GEOAIR HEAT PUMP
GeoAir Heat Pumps are 
Australian design and 
manufactured. Small, 
compact and quiet, GeoAir 
Heat Pumps offer flexibility 
in design and location

GEOAIR GROUND LOOPS
All loops are manufactured to 
ISO:9001 Standards, and are 
delivered to site preassembled 
and to strict quality controls. 
Each loop is installed to 
specified depth and encased in 
a special geothermal grout. 
Where multiple loops are 
installed, an 8m separation is 
required. Total number of loops 
is determined by the buildingʼs 
air conditioning load.

HORIZONTAL LINES
Where multiple loops are 
installed, connection to 
heat pumps is by way of 
refrigerant lines installed 
horizontally. Depth of lines 
is subject to site 
requirements and in 
ground service 
co-ordination.

SYSTEM CONTROL
GeoAir System can 
be controlled either 
by wall mounted 
thermostat or BMS 
interface.
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A major gap in Australia is the absence of adequate monitored data or benchmarks for the actual 
heating and cooling energy consumed in residential buildings.  This is especially the case with respect to 
conventional reverse cycle heat pump air-conditioning in comparable climates.   Nevertheless, a number 
of approaches are adopted to establish the performance of GSHP and the Fairwater homes.  

Firstly, in terms of total electricity consumption, Fairwater Study houses were found to consume 
less electrical energy on average when compared to the Australian Energy Regulator (AER) NSW 
Benchmarks.  Furthermore, the electricity consumption per occupant across most of the Fairwater 
homes was also found to be lower than the equivalent AER benchmarks for Climate Zone 6.  This may 
appear unsurprising as all Fairwater homes had a gas connection which serviced cook tops and hot water. 
However, we believe the higher performance of Fairwater homes remains valid – as 46% of homes within 
the benchmark dataset also had gas connections. Moreover, unlike at Fairwater, gas was also used for 
space-heating and ovens in most of the benchmark homes.  

Fairwater homes with geothermal air-conditioning returned a saving 
of 21% of electricity energy consumption compared to homes with 
conventional air-conditioning across the study period 

In the absence of benchmarks directly related to air-conditioning energy, we focused our comparison 
of Fairwater with newly developed areas in western Sydney (North Kellyville) where all homes were 
developed after the more stringent energy efficiency provisions for building envelope in residential 
buildings were introduced as part of the NCC in 2010.  Our comparisons drew on deidentified smart 
meter data for over 24 months for approximately 370 homes sourced from Endeavour Energy.  Our 
analysis focused on a subset of roughly 220 homes across the two suburbs- homes that did not have 
Solar PV installed.   This approach ensured that the solar shadow in current configurations of smart 
metering or variability in thermal efficiency often overlooked in many studies are mitigated.  

Our analysis has found that in absolute terms, Fairwater Estate Houses consumed 38% less total 
electrical energy (average savings of 2424kWh per annum per household) than North Kellyville houses 
during the 24-month period from 1 Sep 2019 to 30 Aug 2021. 
  

Average savings in Fairwater Homes...

...compared to North Kellyville homes
...compared to North Kellyville homes 
when normalised for house size#

Electrical energy saved on average, 
per household

2,424 kWh 1,036 kWh

Average savings in electrical energy 
costs* , per household

$557 $238

Reductions in CO2e emissions^, based 
on an 800-home estate

1,746 T 746 T

# normalised to the average built area of Fairwater Estate homes 
* assuming a single rate usage rate of 22.96c 
^ Carbon dioxide equivalent emissions assuming Scope 1, 2 and 3 emissions factors for NSW for 2020
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Assuming single rate tariff usage rates ranging from 17.51 to 28.85c, the reduced consumption 
would result in savings between $425 and $699 per annum (average of $557 per annum at 
22.96c) and includes the benefit of both geothermal air-conditioning and a more compact house at 
Fairwater.

As Fairwater Estate houses were smaller than North Kellyville homes, the residual savings more 
likely to be attributable to take up of heating and cooling were computed by normalising the energy 
consumptions for house size. Limitations due to the inability to survey the deidentified smart meter 
datasets for conditioned floor area mean that our estimates are conservative and do not favour the 
Fairwater Estate Homes. In this case on average Fairwater Estate Houses were found to have consumed 
approximately 21% less total electrical energy (average savings of 1036 kWh per annum per household) 
when compared to North Kellyville houses of equivalent area during the 24-month period from 1 Sep 
19 to 30 Aug 21. Assuming single rate tariff usage rates as before, the normalised reduction in 
consumption would result in savings for between $181 and $299 per annum (average of $238 per 
annum).  The $238 savings comprise roughly 18-20% of the reported average electricity bill within our 
Household and Community Surveys.

The annual reduction of greenhouse gas emissions from the reduced 
energy consumption in Fairwater homes compared to homes in Kellyville 
is estimated at 1746T of CO2e emissions

In terms of greenhouse gas emissions the savings for a more compact home with geothermal air-
conditioning represents 2.18 T of CO2e (scope 1, 2 and 3) on average per home and across an 800-home 
estate could result in a saving of 1746 T of CO2e emissions per annum.  

These reductions are attributed to the combined effect of a more 
compact home and the use of geothermal air-conditioning instead of 
conventional air-conditioning

Of this, a saving of 0.93 T of CO2e per household or 746 T of CO2e emissions per annum could be 
attributed to the GSHP system.

As reported earlier, we reiterate that the quantum of savings or energy consumption for air-conditioning 
is highly variable and dependant on occupant behaviour, energy practices and occupancy.  Nevertheless, 
our results indicate the potential for real savings and reductions in cost of living in comparison with 
comparable homes with conventional air-conditioning.  

The study also demonstrates tangible savings in operational energy that can be achieved through the 
provision of more compact homes.  As seen at Fairwater, the success of these hinges on high quality 
design which is rated highly for satisfaction, comfort, and well-being.  

Furthermore, our study indicates that the benefits of geothermal air-conditioning go beyond the 
immediate consumer and provide greater advantages and benefit to the network as discussed below.  
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NETWORK SAVINGS AND BENEFITS

Fairwater Estate GSHP houses were found to consistently demand 
less power than North Kellyville houses when ambient (external) 
temperatures deviate from the comfortable range

Our statistical modelling of smart-meter data indicates that for every degree that outdoor air 
temperature moves away from the comfortable range, demand from conventional air-conditioning 
(heating and cooling) increases by between 6% and 11% in hot weather and between 3.5% and 9% in cold 
weather. On the other hand, geothermal air conditioning reduces this rate to between 4.5% and 9% for 
hot weather and between 2% and 6% for cold weather. Due to the compounding nature of these rates, 
savings rapidly increase in terms of kW when temperatures are extreme, but also differ depending on 
time of day.  

For instance, the reduction in demand on the local network when demand is at its peak at 3pm on a hot 
afternoon will be more than triple (from .67kW to 2.18kW per home) at 42°C compared to 30°C.

This is particularly significant in the context of Western Sydney where there is an increasing frequency 
and duration of extreme heat events due to climate change, and housing stock is steadily increasing.

UTS has also conducted an in-depth analysis to establish network benefits and value of geothermal air-
conditioning for a number of scenarios.

Reliability and Emergency Reserve Trader (RERT) Event: For instance, a single RERT event such as the 
one on 4 January 2020 that lasted 3.42 hours implies a saving of $323 per home or $258,400 for an 
800-house estate. 

Deferral of Network Augmentation: Depending on location within the network, and our power savings 
rate of 3kW per household at peak demand, a geothermal home could see deferral values between 
$347-$2773 which equates to $277,600 to $2,218,400 over 800 homes.   

Exceedance of Local Distribution Network Peaks: Based on power consumption savings of around 
3kW per home at peak times in summer, a conglomerate of 800 homes would save around $26,400 
in exceedance ($11/kW) in a hot month if they were required to pay demand charges similar to 
businesses.  

Although the analysis was completed within a period where there were differences in climate - between 
the two summers, and in occupancy - due to pandemic lockdown periods, these differences had little 
effect on our findings.  

At a given ambient temperature and time of day the effect of the GSHP in reducing consumption was 
consistent and predictable, confirming that geothermal is of greater value during more extreme weather 
events.  While increased occupancy at times other than the peak increased the total amount of energy 
consumed by households as discussed elsewhere, COVID-19 related lockdowns did not really alter the 

timing of the peak demand, as this has traditionally always occurred when occupancy is at the highest.
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While house size may be a potential confounding factor, our analysis has shown that the difference 
between the compounding rate for increasing demand across the two cohorts has a log relationship.  This 
is therefore not related to house size, but to efficiency of space conditioning.  However, we acknowledge 
there may be other confounding factors relating to any indeterminable variation between populations 
for demographics, uptake of other heating systems or rate of occupancy which may have affected our 
comparisons.  

TOWARDS SUSTAINABLE NET ZERO HOMES
Across the study cohort, there is a high take-up of roof top Solar PV.  Commencing with eight houses 
at the time of recruitment there were 22 homes who had installed solar panels by the end of the 
study.  The prime motivation for installing PV was reported to be ‘saving on energy bills’ and ‘reducing 
environmental impacts’.  Further to the high motivation amongst households to take up Solar PV, the 
study of the Solar PV homes offers some interesting insights:

Almost all Solar PV Study Houses are NET POSITIVE under the simple 
definition of Net Zero, even when gas consumption is accounted for 
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Thanks to substantially large PV systems (typically 6.6 KW) under the simple definition of NET ZERO1  
on average Solar PV houses at Fairwater are Net Positive with reference to electricity as well their gas 
consumption for hot water and cooking.  

However, our study has shown that the Solar PV houses consumed more electricity and air-conditioning 
(30% more on average) than homes that had never installed Solar PV.  These households justified the 
higher consumption and more unconstrained use of air-conditioning on account of their surplus solar 
electricity generation.  These results point to the well-established ‘rebound effect’, whereby the full 
potential for greenhouse gas reductions is not realised as a consequence of heightened consumption by 
occupants.  

A high take up in roof top solar was accompanied by heightened 
electricity consumption, low self-sufficiency and low self-consumption 
diminishing the full potential for greenhouse gas reductions from 
renewable energy 

The self-consumption (fraction of generated solar power used on-site) and self-sufficiency (fraction of 
consumption directly supplied by solar) of the current configurations of Solar PV amongst our Study 
Houses was almost always below 50%.  This was a consequence of poorly sized systems (too large for 
current electricity usage and patterns), increased demand and electricity usage during non-sunshine 
hours, and the lack of on-site storage. These factors contribute to the feared “duck–curve” where surplus 
solar energy is fed to the grid when demand is low.   

Our findings across the study cohort that user preferences play a significant role in the take up of AC 
coupled with the even more heightened consumption seen in solar homes, as well as poor patterns 
of self-sufficiency and consumption, emphasise that all energy efficiency interventions must also be 
supported with occupant education and engagement to ensure design intent is realised and potential 
savings are not squandered. 

The study findings emphasise the importance of managing user 
behaviour and consumption, and also making the right decisions for 
sustainability and resilience at both household and precinct level  

As switching to all-electric homes becomes important in the transition away from natural gas, the 
long-term resilience and sustainability of homes and integrated systems must be considered.  Fairwater 
homes already rely on electricity driven geo-thermal air-conditioning for space heating and cooling. A 
full transition to all-electric homes would entail moving from gas cooktops and instantaneous hot water 
to efficient induction cooktops and heat pumps for hot water.  Assuming the same level of consumption 
seen in the Solar Homes and current CO2 emission factors for the NSW grid, the present configuration 
of PV would barely break-even; leaving no surplus for electric vehicles (EV) and the like.  From the 

1 (total energy production minus their total energy use equals zero).
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perspective of developing a sustainable model towards Net Zero homes and precincts, this calls for two-
pronged efforts - to mitigate the rebound effect amongst households, and to ensure decarbonisation of 
electricity grid. 

Additionally, it will be necessary to consider material intensity, life cycle carbon and environmental 
effects over the development. These aspects were outside the scope of our study, but the findings do 
suggest the frames of reference with which decisions are made must be holistic and integrated.  

The benefits from geothermal air-conditioning are best realised when 
considered within a full energy ecosystem at precinct level

While the staging, procurement and installation was not part of the study, it is worth noting that 
integration of the geothermal AC at Fairwater was only feasible because it was implemented at the scale 
of a precinct.  Moreover, its delivery was integrated into the workflow and development of the individual 
home sites by the developer right from the project inception.   

Economies of scale enabled cost effective installation 
of geothermal air-conditioning at a precinct level for 
the developer.

The differential cost of installation of geothermal air-
conditioning was roughly $5000 per home over the cost 
of a home with conventional reverse cycle heat pump 
air-conditioning.  This increased outlay represents just 
1.2% of the average construction cost of a 3-bedroom 
Fairwater home.  This difference in cost mainly relates 
to the drilling of 80m deep bore holes for the refrigerant 
piping, and the provision of the proprietary infrastructure 
that is then integrated as part of the air-conditioning 
system. The cost would have been prohibitive if it had 
to be done by independent homeowners.  As discussed 
under Commerciality, the outlay would appear to have 
been recouped by the developer as Fairwater homes 
were seen to attract a premium of roughly $55,500 
per home compared to properties of similar age and 
attributes in Blacktown.  

It should be noted that a full cost-benefit investigation, including the capital costs of systems, installation 
and maintenance, embodied energy or direct emissions (including global warming potential from possible 
refrigerant leakage) is outside the scope of the study and could be considered as a next step when 
commissioning additional research. However, we recommend that larger scale trials be undertaken in 
future residential developments in which confounding factors may be better eliminated. For example, a 
single residential development site with say a third GSHP air-conditioners with refrigerant loops such 
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as the one included in this heat pump study, a third with GSHP air-conditioners with the water loop and 
a third with conventional reverse cycle air-conditioning and with sub-metered data for all groups would 
provide an excellent baseline and treatment group comparison.  

A precinct wide approach to space heating and cooling offers a number of opportunities: 
More important than considering dollar-savings in isolation, is to consider the opportunities a precinct 
wide approach to space heating and cooling that a residential development such as Fairwater provides.  

Where peak loads are due to space conditioning, GSHP is recommended as it reduces peak loads.  
Our analysis shows that this is particularly relevant where the peak space conditioning load occurs 
outside sunshine hours, when Solar PV is unable to play an effective role.   This is especially the case in 
regions subject to extreme temperature, where GSHP can lower peak demand across a development.

Solar PV systems installed alongside GSHP must be “right-sized” and aligned with consumption and 
or storage. 
Where GSHP is combined with a Solar PV system, in the absence of a battery, and in the current 
climate of low feed-tariffs, care needs to be taken to ensure the PV systems are sized to maximise self-
consumption rates (i.e. that most generated power is consumed on site) and avoid the classic duck curve 
seen whereby significant amounts of energy are exported to the grid in the middle of day due to poor 
alignment with consumption and oversizing.  

Further to the continued take up of geothermal AC to lower peak demand across a development 
particularly in regions subject to extreme temperature we recommend shifting as many time-
independent loads as possible to sunshine hours, full electrification for cooking and hot water and/or 
investment in batteries or electric vehicles on the part of householders where Solar PV has the potential 
to be integrated. 

A more strategic approach to energy generation and demand management is recommended at 
precinct scale. 
Additional opportunities include: planning for a diversity of uses whereby retail/commercial/public 
buildings and residential homes take advantage of shared services for heating and cooling, which could 
serve to balance power demand between day and night time uses, investment in precinct scale EV 
infrastructure and installation of other shared infrastructure such as micro grids and shared energy 
storage.  

COVID-19 IMPACTS
With major changes by way of working from home being introduced during the COVID-19 pandemic, 
74% of the households reported changes in their routines, with the most meaningful change evident for 
weekdays with a 50% increase in daytime hours spent at home, effectively meaning that a total of 23 to 
24 hours was spent at home for many residents during the pandemic.  The increased occupancy has had 
a knock-on effect in both electricity use and air-conditioning all round.  This is especially evident in the 
increase in electricity consumption in 2020 for both Kellyville and Fairwater Estate compared to same 
months in 2019 - around 45% increase in May 2020 and roughly 20% during winter months in 2020.    

Beyond explaining differing patterns in resource consumption over the course of the study, the increased 
home occupancy raised other lines of inquiry.  For instance, as many residents have had to adapt their 
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residences to accommodate their working from home, our study revealed people are occupying rooms 
that may not be designed for habitation (such as setting up workspaces in garages), potentially for 
extended periods of time. Such spaces which were not designed for human thermal comfort or intended 
for extended occupation, and are typically not serviced by the GeoAir air-conditioning system warrant 

further investigation.  

Our study also indicated that many spent 20-24 hours indoors and at home during the mid-late 2021 
lockdown period.  Occupant feedback revealed concerns around increased consumption of electricity, 
particularly for heating and in the mornings while others reported the positive consequences of working 
from home and not having to travel to work.

COMMUNITY OUTCOMES WITH RESPECT TO RESILIENCE 
INFRASTRUCTURE
Occupying approximately 40 hectares, a strategic decision for the former golf course at Fairwater was to 
retain approximately 23% of the site area as dedicated public open space including parklands, waterways 
and wetlands.  Further to a precinct wide installation of a Ground-Source Heat Pump (GSHP) Heating 
and Cooling system to all homes, the layouts, designs and construction of the dwellings remain relatively 
consistent throughout the completed stages.  Most homes are single residential dwellings, either 
detached or with at least one shared wall and a small, private backyard to the rear of each property.  
In terms of residential density, the average number of dwellings per hectare of the land allocated to 
residential subdivisions is approximately 38.6 dwellings. 

In contrast to the darker greys, reds and browns of adjacent residences, Fairwater homes employ lighter 
shades of painted corrugated steel roofs as an effective means of creating cooler conditions within 
the precinct.  Retention of pre-existing trees coupled with a planting strategy of street trees seek to 
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shade walking paths and paved surfaces and reduce the visual impact of the built elements within the 
streetscape.  

The precinct hosts a number of community amenities including Fairwater Park, Central Park, a dedicated 
learn-to-ride Bike Park, walking and cycling paths through the precinct and the Sales and Display 
Centre. There are also a number of smaller pocket parks and reserves throughout the community, and 
stormwater management systems integrated into the landscape designs throughout the public open 
areas and most notably, along the western boundary of the precinct.  

Over the study period, feedback on a number of aspects related to sustainability, health and well-being 
and resilience was sought from the Study Household Participants and well as members of the community.

Fairwater residents were overwhelmingly positive about their experience 
with living in Fairwater homes and in the precinct

Residents across all surveys, returned very high levels of satisfaction (ratings between 90-100%) with 
respect to their experiences and the extent to which their expectations were fulfilled in relation to 
environmental sustainability, living in the Fairwater 6 Star Green Star- Communities development and 
overall satisfaction with their homes.  

They believed that the Fairwater residential precinct encourages and supports community features 
and lifestyle, especially by providing access to the public open spaces, a connection to the natural 
environment, social interaction with other community members, and supporting an active and 
environmentally friendly lifestyle with these aspects gaining 80-95% satisfaction.  

Other highly rated aspects related to the ability of Fairwater to support the needs of culturally diverse 
groups and users with diverse abilities, although feedback in relation to safety and reduced crime in the 
precinct was mixed.  

Abundant open space, walking tracks and opportunities for healthy 
living were some of the important dimensions of the 6 Star Green Star- 
Communities Fairwater development 

With roughly 9-10 ha earmarked as open space within the precinct, residents enjoy unfettered access 
to the amenities on site.  An overwhelming majority of residents at Fairwater reported that living in 
the precinct has had a positive effect on their health.  68% of respondents also reported being more 
physically active since moving to Fairwater. In terms of the urban design of the precinct, the design and 
proximity of parklands and walking tracks to residents’ homes were identified as influential factors for 
increased physical activity since moving to Fairwater, indicating that convenience and ease of access to 
public amenities promoting physical activity can encourage a more active lifestyle.  
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Over 80% of residents reported they feel more healthy since moving to 
Fairwater

Household Survey participants completed the WHO-5 Wellbeing Index survey in Years 1 and 2.  The 
results for the residents Year 1 align with the averages of other developed countries such as Denmark.  
In addition, the perceived well-being of the Fairwater community remained relatively stable in Year 2, 
notwithstanding the extended “hard-lockdowns” instated in June 2021 and eased by the New South 
Wales state government shortly prior to the second survey. Alongside a relatively stable sense of well-
being throughout time, our studies found an uptick in the utilisation of the Fairwater parklands and 
written feedback expressing an appreciation for access to public open areas during lockdowns.   

Our findings suggest that not only physical health, but residents’ 
personal sense of wellbeing and resilience may be supported by the 
inclusion of accessible open space within master planned communities

In the final year of the study, our SMS winter surveys revealed a substantial increase in the number 
of people who remained indoors for 22-24 hours mirroring the COVID-19 lockdown regulations and 
spent just 1-2 hours outdoors.  These findings alongside feedback from our Walking Track Studies and 
surveys of health and well-being outcomes emphasise that from a regulatory, developer and community 
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perspective, there is merit in the provision of community resources and outdoor amenities that are well 
designed and integrated into the built fabric of master planned precincts with respect to the health, well-
being and resilience of the resident population. 

Our findings reiterate the potential of play areas and other activities 
and amenities to attract residents outdoors.  They reinforce the need to 
decrease heat stress via shading and trees in these areas

Our walking track studies between 2020-2021 focused on the established park adjoining the Fairwater 
Sales and Display Centre Fairwater.  The longitudinal studies captured activity at 5-minute intervals 
using time lapse photography via phenocams and covered 5 sets of 8-day periods across a 14-month 
period.  Using image analytics in conjunction with assessment of ambient environmental conditions, our 
study revealed heightened activity over winter and COVID-19 periods, but also found the activity to be 
lower than expected over the summer.  Interestingly, our studies confirmed a relationship between usage 
of the park and ambient environmental conditions combined with the time of the day.   Activity was 
found to be higher between 18-25°C during the combined analysis of all seasons.  Minimal activity was 
observed in summer during the days when the temperature was above 30°C, while activity was higher 
during 7-11am and 5-10pm, and lower during the hottest hours of the day.  

Despite a catchment of approximately 4000 residents living within 10 minutes of the park, it would 
appear that the park largely serves the residents living in the Fairwater precinct (approx. 1650 at the 
end of 2020).  The results indicated that the maximum possible visitors did not exceed 27-30% of the 
Fairwater population during each of the studied weeks in summer, and 74-88% during the winter weeks.
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The playground area generally attracted more activity compared to the other areas.  As discussed 
elsewhere, residents were very positive about the precinct and connection to greenery etc, and in that 
sense do appreciate the park as an element to be visited or viewed from their homes. However, the 
limited use of the park in the summer suggests a need for design interventions in the Fairwater Park, 
aiming at decreasing the thermal index and increasing comfort during outdoor recreation and physical 
activity in the summer.  Future interventions could include an increase of shading elements such as trees, 
awnings and pergolas, water play areas, elderly safe exercising, outdoor gym equipment and addition 
facilities such as a water fountain and picnic tables to increase the chance of staying in the area to 
socialise after exercise. 

Despite the best intentions for sustainable transport at precinct level, 
public transport connectivity needs to be convenient or will not be 
utilised

Sustainable transport emphasises the reduction of dependence on single vehicle transport through 
improved access to amenities, community facilities and public transport infrastructure and the 
promotion of active transport.  A number of these aspects were targeted at Fairwater.  In addition, car 
ownership at Fairwater (1.2 cars per household) was below the Greater Metropolitan Area of Sydney 
average (1.7 per household).  However, resident behaviour tended to favour the private car or shared 
car arrangements (52%) even before the community wide reluctance to use public transport during the 
COVID-19 pandemic had set in.  Several respondents highlighted the perception that the 1.6km distance 
to Blacktown Train Station was too far to walk and sought better connectivity by bus to the station.  

ASSESSMENT OF URBAN HEAT EFFECTS AT FAIRWATER 
Urban Heat Island Study seeks to establish urban heat load patterns at the Fairwater precinct and 
compare surface temperatures and heat island effects at Fairwater from 2018 through 2021 with 
neighbouring precincts of varying green space density, albedo associated with different rooftop types, 
and residential densities.

The analysis draws on publicly and freely available satellite measures of vegetation greenness (EVI or 
Enhanced Vegetation Index), tree and grass fractional cover, albedo and land surface temperature (LST) 
to assess the Surface Urban Heat Island (SUHI) effect.

With respect to the Fairwater precinct, our analysis indicates that the Fairwater residential housing 
units were the warmest areas (high LST, and high SUHI) due to the lowest amount of green space and 
greenness compared to the green park areas, lakes, and undeveloped areas at the precinct.  However, the 
Fairwater housing area was amongst the coolest, when compared with other residential areas, including 
Blacktown, Kellyville, and the Ponds.

Cross-site residential comparisons over the mature and well-established precincts revealed a fairly 
narrow range of albedo values (~0.10) and much larger range in vegetation (tree and total vegetation 
fraction cover, EVI greenness).  Tree cover within the mature residential blocks varied from 4% at 
Blacktown, 2% at Kellyville, and 0.07% at the Ponds, with corresponding amounts of total vegetation 
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cover being 17%, 7% and 3%, respectively.  At these mature residential areas, we found a strong negative, 
linear relationship of SUHI with green space area. This demonstrated that under conditions of varying 
vegetation, but fairly constant albedo, there is strong evidence that green space and greenness drive 
SUHI.

On the other hand, the fairly new residential blocks at the Fairwater precinct, exhibited both extremely 
low vegetation (~0%) and greenness (EVI=0.13) and extremely high albedo values (0.24), relative to the 
mature precincts.

Fairwater employs lighter shades of painted corrugated steel roofs 
towards creating cooler conditions within the precinct.  The light-
coloured roofs were found to have a cooling effect of 3-4°C with 
respect to surface temperature

As both high albedos and high vegetation will act to reduce SUHI, we conclude that the higher albedo 
values at Fairwater lowered the SUHI values at Fairwater to the same SUHI values experienced at the 
darker, but vegetated Blacktown residential areas.

The similarities in SUHI between Blacktown and Fairwater residential units are thus best explained by 
the offsetting influences of vegetated green space and albedo. Whereas the lack of vegetation within 
the residential blocks, relative to adjacent Blacktown residential, would have greatly increased SUHI at 
Fairwater, the increased albedo at this site has cooled the area sufficiently to generate similar SUHIs. 
Using the vegetation-SUHI relationships in our analysis, it would be expected that Fairwater should be 
3-4°C warmer than it is, due to its low amounts of vegetation, trees, and greenness. More specifically, 
Fairwater albedos were ~2 times higher than Blacktown residential, and Fairwater EVI greenness was ~2 
times lower than the greenness at Blacktown.

Our findings show that the light-coloured roofs at Fairwater have 
compensated for the lack of mature trees at the precinct to ensure that 
the Surface Urban Heat Island effect (SUHI) is no worse the rest of 
Blacktown 

Unfortunately, the investigations within the scope of the present study were inconclusive to determine 
secondary influences on SUHI, such as reduction in waste heat from ground source heat pumps.  Our 
findings suggest that an extended study of selected multiple sites with varying levels of trees and less 
vegetation but variable albedos, would need to be conducted to build a proper model describing the 
impacts of vegetation properties and albedo on SUHI.  These would need to be backed up by on-the-
ground measurements of air (and surface) temperature at all test sites.  Where possible, co-location of 
reference house types within an identical geographical setting would also be beneficial to allow accurate 
comparisons. This approach would allow predictive models to be developed that can simulate the effects 
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of different building designs and policy on SUHI.  One would need such a quantitative model to be able 
to assess secondary influences on SUHI from waste heat and housing energy usage efficiencies at the 
household level.  

Although a substantial portion of Fairwater is dedicated to open space (roughly 23% of the 40ha site) 
we find that there are very few trees in immediate proximity of Fairwater Homes. This is mainly due to 
the fact that the private open space within properties has limited opportunities for mature trees to be 
established, and the trees along the streets are still being established.  A significant portion of the open 
space at Fairwater is devoted to lawns, grasses, and water bodies.  

In this respect the following findings are also noteworthy:  We found that trees are important and sites 
with greater presence of trees were cooler. Trees can mitigate drought periods by accessing a larger 
reservoir of soil moisture at greater depths. Trees also are mostly evergreen and thus stay green year-
round, unlike grasses which undergo significant periods of dryness.  Grass can be an important cooling 
source, however, only when the surface is wet. At times of drought, grass, with shallower roots more 
quickly dry up. Grass also exhibits phenology cycles with low activity (dormant) periods. 

Based on observed trends, we note that if more trees are planted at 
Fairwater and as the existing trees begin to mature, SUHI at Fairwater 
will become even lower than the Blacktown residential sections
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Consequently, an overall measure of green space (grass & trees) by itself is not the best metric for SUHI 
mitigation. One would have to consider the proportion of trees and grass within a green space area. We 
further surmise that more mature trees that are larger, taller, and with more extensive and deep roots, 
should exhibit better evaporative cooling, relative to younger trees with less leaf area (less foliage) and 
undeveloped rooting systems.

These findings relating to the value of trees, have synergy with our findings for the Walking Track survey 
where heightened occupation was noted in the play area with some level of tree cover offering shade and 
encouraging longer term occupation.

COMMERCIALITY 
Towards the identification of commercial benefits of the Project compared to a business-as-usual 
development, a hedonic pricing analysis to understand how different attributes impact property prices in 
the Blacktown LGA and if there was a premium associated with Fairwater properties was completed.  

Fairwater properties attracted a premium of $55,487 compared to non-
Fairwater properties located in Blacktown LGA during 2014 and 2021

Our analysis reveals that Fairwater properties attracted a premium of $55,487 compared to non-
Fairwater properties (with similar attributes including age) located in the Blacktown LGA during 2014 
and 2021. Given that most Fairwater properties have not yet been resold, we believe this premium 
contributes directly to the profitability of the project for the developer. The premium paid for a Fairwater 
property is 7.1 % of the average price of a non-Fairwater property included in the analysis. This 
premium is worth nearly as much as an additional bedroom in a non-Fairwater property.  Considering 
that the geothermal air-conditioners were reported to cost around an additional $5,000 compared to 
conventional air-conditioners or 1.2% of the average construction cost of a 3-bedroom Fairwater home, 
it can be argued that this additional cost is absorbed by the premium paid for the Fairwater properties, 
making the geothermal air-conditioners a profitable investment.

As discussed above, a conservative estimate suggests that Fairwater homes on average use 21% less 
electricity than comparable non - geothermal AC homes.  Survey findings show that like most buyers, 
almost all Fairwater Study Households emphasise basic attributes factors such as location, house 
features and house price, when buying a home. The surveys also reveal that buyers were motivated 
to prioritise sustainability, but not necessarily geothermal air-conditioning or energy efficiency. 
Sustainability and the amenities that Fairwater offer are thought to be influential for the purchaser 
decisions that have resulted in the premium paid for Fairwater properties, it is, however, not possible to 
say that the premium is associated with the use of the geothermal air-conditioners.  

When asked to nominate priorities for future house purchases typical priorities for location, features, 
and price of the house took precedence, followed by the attractions present at Fairwater such as 
parklands, greenery, community and outdoor facilities.  Interestingly, energy and economic savings and 
thermal comfort were three considerations that nearly doubled in the share of respondents between 
motivations for purchase at Fairwater and priorities for a future house.  This would suggest a better 
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appreciation for the actual attributes and perceived benefits of the 6 Star Green Star- Communities 
development as well as energy performance, savings and comfort experienced at Fairwater.  

The research also presented a framework for a scorecard for evaluation of development which will 
seek to address sustainability, wellbeing, commerciality and community development and resilience by 
including objectives, measures and initiatives. 

UTS CONCLUSIONS AND RECOMMENDATIONS
The completed analysis by the end of the project has produced the qualitative, technical and commercial 
evidence base for future projects seeking to implement GSHP technologies and other sustainability 
initiatives incorporated at Fairwater.

The key lessons from the study for future projects and towards replication are:

• GSHP or geothermal air-conditioning has the potential to save energy. A conservative estimate 
shows this to be 21% on average in comparison to conventional reverse cycle heat pump air-
conditioners in residential home settings, resulting in substantive reductions in greenhouse gases 
as much as 0.91T/annum per household.

• Additionally, GSHP can deliver substantial savings and benefits to the electricity network - 
reducing peak demand at a compounding rate in extreme weather when compared to conventional 
air-conditioning systems and through deferral of network augmentation.The above benefits are 
increasingly relevant in current scenarios of warming temperatures, increasing housing demand 
and urbanisation in Western Sydney and other locations around Australia.

• While the heat exchange characteristic in a GSHP via a refrigerant loop underground distinguishes 
it from conventional AC systems, there is no visible or perceptible difference to occupants.  
The interior ducting, zoning and air distribution remain similar to other AC systems typically 
integrated in residential dwellings.

• The system was well received by occupants, who are able to deploy air-conditioning in their homes 
in much the same way as any ducted air-conditioning system – with standard ductwork, fan coil 
units, diffusers and control panels. 

• The installation at precinct level involves creating bores to a depth of approximately 80m, and the 
associated earthworks, staging and installation as best undertaken at precinct level whereby the 
cost outlay is within 1.2% of the construction cost of a three-bedroom home when delivered at 
scale.  

Considerations and improvements to delivery of AC system are relevant to both GSHP and conventional 
systems.  Their seamless integration of ducted air-conditioning to suit market preferences poses the 
challenge of higher consumption and an over-reliance on air-conditioning all year round.  Considerations 
and improvements include:

• The assumption that bedrooms are only night-time spaces and that living rooms are all occupied 
simultaneously is not always true.  

• Consider smaller AC zones to enable, for example, one bedroom and one living area to be 
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conditioned. This would require strategically configured ducting and dampers, and the capacity 
of the system to “back off”, as well as variable speed drives. The timely opportunity exists for the 
development of more efficient and cost-effective systems solutions to minimise energy wasted in 
the supply of cooling or heating to uninhabited zones.

• Include the capacity to have different thermostat settings for different zones and include timer-off 
options.

• Provide users with feedback beyond thermostat settings – display room temperature in the zones 
alongside information about the outside weather that provides cues when it is conducive to shut 
AC off.

• Revisit the notion of “stand-by”.  Allow users to easily shut the AC system down for 7-8 months of 
the year? Our study showed the AC standby was on average 7% of a home’s electricity bill.

• The number of households who reported that they have had their geothermal AC system serviced 
in the last two years was low – if this is a requirement of the systems to maintain optimal operation 
and efficiency, it should be part of a long-term servicing contract.  

• Consider the life of the refrigerant loop, and what happens at the end of life of the system.

Integration and operation of geothermal air-conditioning goes beyond the technical performance of 
the system.  High performance air-conditioning in and of itself is not a solution in the quest to reducing 
dependence on air-conditioning, getting to net-zero and maximising sustainability. A suite of measures 
that influence sustainable practices must be considered. 

• Performance in practice is intrinsically related to the design of the home and its thermal efficiency, 
the way in which occupants interact with the home’s technologies and their preferences, as well as 
their behaviour and practices.

• Energy conservation before “efficiency” is crucial to ensure the passive operation of houses is first 
choice as far as possible.  This aspect is critical if we need to get to Net Zero across the Whole of 
Economy in a sustainable manner.  Our study results were achieved with code compliant building 
fabric from 2016, and future housing will benefit from improvements to thermal performance, air 
tightness and approaches to whole of house efficiencies that are expected to be implemented.  

• The benefits of providing more compact homes that are well designed and capable of meeting 
people’s needs should not be underestimated.  This requires proactive recognition and attention 
to careful design of homes at the outset.  

• From a regulatory perspective, Energy/Person instead of Energy/m2 would be a good metric.  At 
Fairwater the % saving from compact homes was equal to % saving from GSHP.

• Well understood strategies of passive solar design and attention to thermal comfort are essential 
to ensure climate responsive design.

• A number of opportunities exist to motivate sustainable practices through design – these 
include the provision of ceiling fans, fly screens to windows, easy to operate shading-devices, 
indoor outdoor living opportunities to acclimatise occupants to a wider range of temperatures, 
integration of trees to reduce the urban heat island effect, and the creation of cool outdoor and 
social spaces through shaded pathways and parks.
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• As discussed above, a design challenge in how we can limit the use of AC once it is provided and 
“embedded” as standard issue must be addressed. 

• Regulation: Expectations of 21-25°C regardless of outdoor conditions will be unsustainable in a 
warming future.  We will need codes to recognise and maintain assumptions of the adaptive model 
of comfort.  

• New regulations must also consider revised climate files that are representative of the warming 
weather.  From a resilience framework, homes must be assessed on hours of predicted discomfort, 
not on heating and cooling energy alone.

User behaviour and occupant preference play a key role in the actual performance and savings that 
can be realised.  Residents would benefit from a targeted program of user engagement and education.  
Engaging with residents and consumers is also a critical way for industry and regulatory bodies to gain 
valuable feedback and insights in relation to interventions that are implemented. 

• Our study revealed a high level of awareness about sustainability and climate change amongst 
the households and the wider community.  The high take up (30% installed PV solar on their own 
initiative) indicates willingness to do something – but they are not always best informed.  

• Education and engagement are necessary to avoid the rebound effect of unconstrained 
consumption – the results of our study found that Solar PV homes consumed 30% more energy in 
absolute terms.  

• Where new and innovative technology is provided, consider engaging ways of providing occupant 
training and easy to use manuals – for example, integrating digital apps with QR codes.  Some 
occupants reported they did not read the copious hard copy documentation provided.  

• The Fairwater Living Laboratory was made possible, thanks to the access to occupants and 
households via the developer and their community liaison personnel who maintained a continued 
relationship with the residents.  These roles can be harnessed to raise awareness amongst 
residents and empower them in relation to sustainability, climate change and long-term resilience.

• Feedback on energy use and temperatures offers a viable method to support energy reduction.  
When asked what aspects would serve them best, the highest rated measure was real-time 
feedback on electricity and gas usage; other top-rated measures were financial incentives, 
feedback such as Fairwater Living Lab Household Report and real time feedback of indoor and 
outdoor temperatures.

Community Health and Well-being:

• Providing community resources that are well designed and integrated into the built fabric of 
master planned precincts reaps dividends with respect to the health, well-being and resilience of 
the resident population. 

• In terms of the urban design of the precinct, the design and proximity of walking tracks and 
parklands to residents’ homes were identified as influential factors for increased physical activity 
since moving to Fairwater, indicating that convenience and ease of access to public amenities 
promoting physical activity can encourage a more active lifestyle. 
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• Particularly relevant for developers is the finding that the certification of developments at a 
precinct scale through the adoption of a third-party and sustainability-driven rating tool such as 
Green Star – Communities has had real positive impacts on residents.

• A more rigorous integration of accessible active and public transport links and amenities stemming 
from collaboration between developer and local and state regulatory bodies may result in more 
efficient and appealing alternative travel infrastructure.  At Fairwater, we found many current 
residents don’t use public transport. 

Mitigating urban heat is vital in the context of increased urbanisation and climate change especially 
in locations such Western Sydney.  Our study has found that the integration of building and landscape 
strategies are vital and can contribute to the health of residents and long-term resilience of the precinct.    

• Light coloured roofs were found to compensate for the lack of mature trees. Our study indicates 
that combined with established trees they will lead to further cooling.  

• The precinct strategy to transform an old golf course required storm and flood plain management.  
A quarter of the site was transformed to parklands and outdoor spaces for the community.  
Although this generosity of land earmarked for parklands may not be available every time – the 
value of this move has reaped high dividends - with residents overwhelmingly reporting that they 
were healthier, more active physically and experienced improved well-being, and nominating it as 
a main attractor for purchase.   

• Benefits of integrating green space into precincts may not be confined only to the physical 
occupation of these spaces - rather, the availability and appreciation of, and a visual access 
and sense of connection to natural environments were reported to also have a positive impact 
on residents’ perceived well-being, with increased take up and appreciation over COVID-19 
lockdowns. 
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Curtin University Findings and 
Recommendations

CURTIN KEY LESSONS IN RELATION TO ENERGY AND WATER 
CONSUMPTION PATTERNS INCLUDE: 
The key lessons from the study when considering energy and water use patterns are:
• Different daily consumption profiles were identified for each Fairwater home with some 

households observing unique energy profiles.
• The Fairwater residents often used the Ground-Source Heat Pump powered air-

conditioning systems more frequently in the winter during the morning and late afternoon 
to heat the home compared to the summer period.

• Homes that were able to utilise solar PV energy produced during the day had decreased 
costs and reduced their reliance on the grid. Health and comfort are primary drivers 
behind people’s energy use and the routine nature with which daily practices are 
performed can be difficult to change. 

• COVID-19 restrictions impacted the timing of energy practices and the consumption of 
energy generated by the solar PV systems in many of the Fairwater homes. 

• COVID-19 restrictions had minimal impact on the timing of water practices, with the early 
morning peak, morning peak and late afternoon peaks still occurring. 

ENERGY PATTERNS AND ROUTINES
Curtin assessed the performance of the precinct by accumulating all the energy data into one dataset 
and analysing how the precinct’s energy consumption varied throughout the study period. This 
aggregated analysis revealed that the individual households naturally vary their energy consumption in 
similar ways. The precinct’s energy profile typically followed four different daily energy profiles. Each 
energy profile had unique peaks in energy usage that varied in magnitude and time of day. These peaks 
relate to the synchronisation of occupant routines and practices which result in the energy demand 
aggregating over the precinct exposing the network to a high load. 

The synchronisation of energy demand relates to the commonality of household behaviours across a 
precinct. It was observed that specific household activities and practices were performed at similar 
times of the day across all the households. For example, the majority of the Fairwater occupants return 
to their home after their daily commitments (e.g. work, school) and turn the air conditioning system 
on to achieve thermal comfort. This common daily practice that occurred in the late afternoon for the 
whole week resulted in a significant peak demand for the grid to supply. There were many examples of 

Fairwater Living Lab Residential Heat Pump Study Annual Public Report 



34

synchronisation between households that resulted in this aggregation effect with high demand periods 
during the day.

During the summer, it was observed that all Fairwater residents consumed a higher proportion  of energy 
in the afternoon with minimal consumption in the morning. 

Summer daily energy profiles follow a single broad peak in the 
afternoon and evening

This afternoon peak was broad and extended starting in the early afternoon (approximately 2 PM) and 
continuing until late in the evening (approximately 9 PM). The algorithm demonstrated that this profile 
commonly occurred in the summer offering insight into the summer energy practices of the Fairwater 
residents. The aggregation effect resulted in the distribution network being exposed to high demand 
in the afternoon. This peak was the result of the Fairwater residents relying on the ground-source 
heat pump supported GeoAir system to achieve thermal comfort within their home. This renewable 
technology was installed to reduce energy demand from the precinct however, this technology still 
resulted in peaks occuring during the day. Further investigation is required to determine how this peak 
might be flattened out. 
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During the winter, a significant difference was observed relating to the precinct’s energy consumption 
profile during the day. Instead of a single broad peak profile, the precinct consumed energy in the 
morning (approximately 7 AM) and late afternoon (approximately 7 PM). 

Winter daily energy profiles follow a dual-peak profile occurring in the 
morning and late afternoon

The winter observed a different profile of synchronisation across the Fairwater precinct. The occupants 
used the GeoAir system in the early morning and late afternoon of the day throughout the winter 
season. This was observed in the Fairwater study homes resulting in an aggregated peak for the morning 
and afternoon demand period. The typical daily routine extracted out of this winter energy profile 
included, waking up and turning the air conditioner on to achieve thermal comfort before the start the 
day, and when they returned home after  daily commitments in the late afternoon, they would turn the 
air conditioner on again. This repetitive activity was observed during the weekdays and for each of the 
Fairwater homes. 

The algorithm was able to show variation in the way the Fairwater residents consumed energy on a 
weekday and weekend. The weekday would typically observe energy consumption to occur earlier in the 
morning around 7 AM while at the weekend  a delayed peak occurring around 8 AM was observed. This 
difference is due to a change in daily routines from the weekday to the weekend where people achieve 
more flexibility in their day with no institutional commitments. The absence of work or school allows 
the morning routine for people to change as there is no need to leave the house early in the morning. 
This is observed for the majority of the Fairwater homes resulting in a delayed consumption peak. This 
reinforces how  habits and routines through everyday practices can impact energy consumption as well 
as the lifestyles of the occupants.

SOLAR PV SYSTEMS PERFORMANCE
Among the Fairwater homes, there are 21 homes that have a solar PV system that generates electricity 
during the day. This analysis aimed to assess how these systems are being utilised by the household and 
how this utilisation varies throughout the year. The presence of a solar PV system can be beneficial for 
the home by reducing energy bills and dependence on the traditional energy network. Additionally, it can 
reduce the demand stress on this network if the solar energy can be utilised during peak periods.

This section begins with analysing the Fairwater precinct as a whole to see how the aggregated solar 
PV systems compares to the precinct’s energy consumption. The problem with these systems is that the 
greater proportion of the solar energy is not being utilised during the day. The energy demand from the 
precinct occurs at times of the day where solar power is not being generated. In terms of the precinct 
performance, these systems are being under-utilised and the greater proportion of the power generated 
is being exported outside of the precinct. Additionally, this results in the precinct having a higher reliance 
on the distribution network which leads to higher energy costs for the householders. 
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Energy from solar PV systems is underutilised as energy practices are 
not performed at the same time as generation. This minimises cost 
savings for homes and demand relief on the grid

The aim of this project was to assess the demand relief on the grid and the increased independence of 
households in not relying on the grid for energy supply, particularly during peak periods. This was not 
observed in the data due to the energy profiles that the Fairwater homes typically follow during the 
year. These profiles were discussed previously, and they are linked to occupant practices through habits 
and routines. This misalignment is explained by occupants having lifestyles and routines that are not 
beneficial for utilising the energy generated by home solar PV systems. 

For example, the aggregated Fairwater profiles observed a reliance on the GeoAir system in the morning 
and late afternoon during the winter to achieve thermal comfort. This reliance was observed across the 
Fairwater precinct with the majority of the homes using their GeoAir systems at these times. The 21 
homes that have PV systems generated enough energy to supply this demand from the GeoAir system 
however, the usage occurred outside the times of solar power generation. This resulted in these high 
peak demand periods to be serviced by the distribution network. 

Energy from home solar PV systems is enough to meet the air-
conditioning demand but it is not being generated when the systems are 
being used

This is a lost opportunity to reduce the load on the grid by shifting the time the GeoAir system is used. 
There are multiple strategies to shift the time of use including automating the system to turn on when 
surplus solar power is being generated and would normally be exported to the grid. This would allow 
the indoor temperature to be adjusted during the day resulting in less reliance on the GeoAir system in 
the afternoon as the indoor temperature has been conditioned already. Alternatively, storing the solar 
energy for use at an alternative time by the GeoAir system when the occupants want to use the system 
might be another option. 

The self-sufficiency and self-consumption ratios were calculated and assessed for these solar-powered 
Fairwater homes. The self-sufficiency ratio represents how much the household consumes of their 
own solar energy and how much they rely on the grid energy while the self-consumption ratio shows 
how much energy is being exported back into the grid. These are established metrics to assess how 
much energy is utilised by the household throughout the year. The average self-sufficiency ratio for 
all Fairwater homes with PV systems was 35% in the winter and 51% in the summer. The average self-
consumption ratio for these homes was 39% in winter and 36% in summer.

Homes with solar PV systems consume more of the self-generated 
energy in summer and export more energy back to the grid in winter
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The summer saw a higher self-sufficiency ratio compared to the winter. This is expected when 
considering the previous discussion regarding energy consumption practices during these two seasons. 
The previous discussion identifies a significant difference in the daily energy profile with the winter 
providing large peaks in the morning and afternoon. These peaks do not align with the solar PV system 
hence, a lower self-sufficiency ratio is achieved for the Fairwater homes. Additionally, the summer profile 
observes a broad peak during the day which aligns well with PV systems. This results in a much higher 
self-sufficiency ratio. This reinforces that households do not rely on the grid as much in the summer as 
their home utilises the solar energy more.

A different story is observed regarding the self-consumption ratios in the summer and winter, with 
summer observing a lower ratio than the winter. Self-consumption represents how much energy is being 
utilised by the household and how much is being exported. The solar production curves demonstrate that  
summer achieves much higher production than the winter due to high radiation levels. This explains why 
the self-consumption ratio is smaller in the summer than the winter. The PV systems export more energy 
in the summer because it has a higher peak and generates more energy throughout the day. This energy 
is significantly higher than the energy demand in the summer compared to  the winter hence, it has a 
higher weighting when calculating the self-consumption ratio.

The self-consumption ratios for these solar PV homes was correlated with the capacity of the solar PV 
system. Households with large solar PV capacities often achieves a lower self-consumption ratio with a 
higher degree of energy exported to the grid. This relationship reinforces how households are inherently 
misaligned with solar PV generation, and how maximiseing the solar energy generation does not reduce 
the household’s reliance on the grid. This is due to the peak of solar generation being higher in the middle 
of the day when household energy demand is low.

Installing larger solar PV systems does not increase the amount of solar 
energy used by these homes

This finding is important for decision-making for occupants and property developers as well as solar PV 
designers because it is not always the best strategy for households to install the largest solar PV system 
they can with their available roof space. Another option can be to reduce the capacity significantly 
and match it with a battery storage system. Also, this shows there should be a more of a focus on the 
occupants in changing their energy practices through automation of devices and increasing their 
knowledge and awareness to increase their alignment with the solar PV system. .

Another point of discussion is the assessment of the motivations and attitudes of the Fairwater 
residents. The decision to install solar PV systems on a home can demonstrate or reinforce values and 
attitudes of the residents relating to environmental sustainability, energy conservation and climate 
change. A survey was conducted to gain insight into these motivations and attitudes. An interesting 
observation was made between residents of solar PV-powered homes and non- solar PV homes. 

Fairwater residents with solar PV systems are more conscious of 
environmental sustainability, energy conservation and climate change 
than those without solar PV systems
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This result shows an alignment between attitudes and action of the Fairwater residents. This shows 
how awareness and education can encourage sustainable practices and decision-making. This can result 
in change in practices through automation within the home to achieve reduced energy consumption 
without the need for external interventions or innovative technology advances. However, it is important 
to consider households that do not align with these values as much as other households and will not 
spontaneously change their behaviour. 

HEATING AND COOLING PRACTICES
Another research objective is to assess how the Fairwater residents use their GeoAir system and other 
strategies to achieve thermal comfort throughout the study period. The utilisation of the GeoAir system 
varied between all the Fairwater households. Some households relied on this system to maintain a 
comfortable indoor air temperature while other households utilised ceiling fans or opened windows to 
achieve thermal comfort. 

The survey provided insight into how the residents achieve thermal comfort with their home and 
how they ranked different heating and cooling strategies. The highest ranked strategy for the warmer 
and cooler months was to adjust their clothing. This is a common non-energy intensive strategy to 
achieve thermal comfort. The use of the GeoAir system was ranked 4th on average for both winter and 
summer seasons. Other strategies that were ranked higher than the GeoAir system were using fans or 
heaters, adjusting food and drink, using their curtains and blinds and opening/closing the windows. This 
demonstrates how there are other non-energy intensive ways to replace the need for air conditioning 
systems. 

Residents rely on four other strategies to keep comfortable before 
turning on the air-conditioning: adjust clothing, use fans or heaters, 
adjust food and drink and opening/closing blinds and windows

Deeper analysis was conducted for heat waves and cold snaps to investigate how the Fairwater residents 
responded to these weather events. During a five-day heat wave in December 2021, a Fairwater house 
(House A) used the GeoAir system on the two hottest days in this period while managing to achieve 
thermal comfort on the three other days without the use of the system. However, another house (House 
B) relied on the GeoAir system on all five days to maintain an acceptable temperature within the home. 
This observation was also made for a cold snap in July 2021 where House A did not use the GeoAir 
system as much as House B. House A managed to achieve thermal comfort during these cold days 
resulting in significant energy reductions compared to House B. This comparison between Fairwater 
homes offers insight into the different cooling practices and strategies of the occupants. This is evident in 
their household consumption profile with House B having much higher consumption compared to House 
A. This reinforces the impact of these strategies and the importance of understanding the favoured 
practices of the occupants. 
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During extreme weather events, some homes use the GeoAir system less 
than others, showing variations in comfort practices and reduced energy 
consumption 

COVID-19 IMPACTS TO ENERGY AND SOLAR PV PERFORMANCE
An interesting observation was made during COVID-19 restrictions and lockdowns where energy 
consumption was shifted resulting in different daily energy profiles. Specifically, the morning peak 
that occurred around 7 AM was shifted to 8 to 9 AM in the morning. Also, the consumption during the 
day between 10 AM to 3 PM increased. This change to the daily energy profile of the Fairwater homes 
resulted in solar PV systems being utilised more. This shift due to restrictions and lockdowns was due 
to occupants working or studying from home as seen in the survey responses. This caused the energy 
consumption that occurred at work for these people to be shifted to the household. This resulted in 
household energy consumption to increase during the day. This was beneficial for solar PV homes as 
the increase in energy demand was supplied by their solar PV systems. The non- solar PV homes were 
impacted more as they completely relied on the distribution network for their energy.

During COVID-19 lockdowns, the morning energy peak shifted to 8am 
to 9am and consumption throughout the day was higher, benefiting 
homes with solar PV systems
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This change in solar PV utilisation and energy profiles reinforces how energy is related to occupant 
routines and practices. Hence, these routines and practices should be investigated more and considered 
during the design of technology and precincts. The institutional commitments were eliminated by 
allowing people to work from home resulting in morning routines to change where people do not need to 
prepare to leave the house. Additionally, this results in a morning peak  delayeded as the occupants did 
not have to travel to work which saved time in their morning routine. 

This demonstrates an opportunity to achieve load shifting in households by changing these institutional 
rhythms and commitments that cause unfavourable energy profiles. The survey responses show that 
people continued to work from home after restrictions and lockdowns werelifted. This shows a possible 
permanent change in institutional commitments and lifestyles that may result in a permanent increase 
in solar PV utilisation and performance. Further investigation is needed to assess how this change in 
working lifestyle can impact home energy demand.

Some residents continue to work from home and utilise more of their 
solar PV energy, reducing costs and helping the grid  

WATER CONSUMPTION
Similar to energy consumption, a household’s water consumption can provide insight into the practices 
and habits of the occupants. The algorithm was applied to the water data to offer insight into the 
occupant’s water consumption practices. This was conducted on the aggregated data for the whole 
Fairwater precinct. This provided insight into the typical daily water consumption patterns and how 
people across the Fairwater precinct followed similar routines and patterns. The algorithm observed 
less variation in water consumption compared to energy consumption throughout the study year. This 
provides insight into the repetitive nature of water and energy consumption throughout the year. Water 
practices are more repetitive as the majority of these water practices relate to showering and cleaning 
through the whole year. The energy analysis observed different profiles and patterns in the summer and 
winter. This was not observed in the water data where a tri-peak profile was observed all year round. 
This reinforces that water practices were more consistent than the energy practices. 

Water consumption is repetitive across the year with little variety in 
peaks that occur in the morning and late evening

The aggregated water profile followed a tri-peak shape: an early morning peak (3 AM), a morning peak (9 
AM), and a late evening peak (8 PM). The early morning peak was significantly smaller than the morning 
one demonstrating that this peak represents a small subset of households that would synchronise. While 
a higher number of homes would synchronise and consume water in the morning and late afternoon 
resulting in a higher aggregated water demand for these times. 
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CURTIN UNIVERSITY CONCLUSIONS AND RECOMMENDATIONS
The results of the Curtin University analysis focused on the energy and water data and how it enlightens 
on different practices inside the home. Curtin University developed a machine learning algorithm to 
identify energy and water consumption patterns and related them to occupant practices and habits. 
This study investigated social and psychological theories to explain why energy and water is consumed 
by the Fairwater homes. These theories identify the practices, routines and habits of individuals that 
can explain the nature of resource consumption. This is important when assessing how effective this 
technology is and whether it is achieving the expected reductions in energy consumption. The analysis 
linked the majority of the findings back to occupant practices as this can have a significant impact on the 
performance of the home and technology. Furthermore, the occupant practices can explain the nature of 
energy and water profiles and why technology is not performing the way the design expected it to. 

The key lessons from the study when considering energy and water use patterns are:

• Different daily consumption profiles were identified for each Fairwater home with some 
households observing unique energy profiles. This suggests that not all homes synchronise and 
contribute to the aggregation effect but instead, are able to consume energy outside of these peak 
periods. This is beneficial for the distribution network as it reduces the amount of stress on the 
network.

• The Fairwater residents often used the Ground-Source Heat Pump powered air-conditioning 
systems more frequently in the winter during the morning and late afternoon to heat the home 
compared to the summer period. During the summer, the residents did not regularly use this 
system in the morning  to cool the home and only rely on it for thermal comfort in the afternoon.

• Homes that were able to utilise solar PV energy produced during the day had decreased costs and 
reduced their reliance on the grid. However, if homes are not using the self-generated energy, or 
their energy intensive appliances outside of times of renewable energy generation, this will still 
have impacts on the grid. Health and comfort are primary drivers behind people’s energy use and 
the routine nature with which daily practices are performed can be difficult to change. However, 
once new routines with positive energy and water practices are developed then people can feel 
comfortable in following these routines.

• COVID-19 restrictions impacted the timing of energy practices and the consumption of energy 
generated by the solar PV systems in many of the Fairwater homes. Most homes observed an 
increase in energy consumption during the day as people were now home. This resulted in the 
consumption of energy from the solar PV systems, which had not been seen in pre-lockdown 
practices. Pre-lockdown, these peaks were much smaller, although they had similar times for their 
occurrence. This indicates that people are still performing energy consuming practices at a similar 
time, however the magnitude of the energy use is increased. 

• COVID-19 restrictions had minimal impact on the timing of water practices, with the early 
morning peak, morning peak and late afternoon peaks still occurring. There is minimal difference 
in the timing of water use throughout the year, both pre-and post-lockdowns, with winter having 
only a slightly higher consumption per day peak compared to summer. This may be explained 
through longer showers being taken during winter when temperatures are colder as a way to keep 
comfortable
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Recommendations for future study and replication for consideration are:

The idea of load shifting for residential households is to reduce the impact of peak energy demand on the 
distribution network and to consume energy when energy prices are lower (based on a tariff system):

• The analysis identified when these practices synchronised, typically in the morning and the 
afternoon. Even with the impact of COVID-19 lockdown restrictions and work from home 
practices, people performed similar daily practices in the morning and afternoon that aligned 
across many households.

• There are slight differences between the weekend and weekday with greater differences in energy 
profiles between winter and summer. People often follow routines because they feel comfortable 
in doing so and it fits with their commitments, any change to their normal lifestyle can result in 
discomfort. Hence, it is difficult to achieve load shifting within households unless these motivating 
factors are considered. 

• Load shift can also increase households utilisation of solar PV generated energy which is 
usually misaligned with the timing of energy consumption. Home energy management systems 
and automation assists  people in shifting the timing of their practices to those that align with 
renewable energy generation to reduce the load on the energy grid.

• The impact of COVID-19 restrictions and how people’s working lives are changing to rely on 
working from home more often presents an opportunity to utilise solar PV systems better. 
This can allow residents to shift their energy practices to during the day without the need for  
automation. 

Practices and habits are ingrained in people’s lives and often form routines within the household. The 
implication of this research outlines the role of the consumer in this energy transition. Recommendations 
for consideration in future research are:

• The first step of encouraging people to align with this energy transition is to understand the 
attitudes and beliefs of the consumer. Pro-environmental values can motivate some people to 
change some of their energy or water consuming practices but this needs to be linked to energy 
management systems, automation and possibly storage systems, while other people are motivated 
by cost. It is important to develop policies and technologies that can be utilised by a range of 
people with varying attitudes and beliefs. However, the extent the consumer wants to engage with 
this energy transition can vary and will impact the effectiveness of new policies and technologies. 

• Making energy visible for users can address the lack of awareness and understanding of their 
own energy practices. Households with solar PV systems also do not utilise them as much as they 
could. This requires consumer engagement through policies and information system to educate 
households on their consumption so they can self-assess whether they can either optimise their 
own routines to achieve better performance from their PV systems or invest in automation 
systems. Furthermore, this allows consumers to actively participate in this energy transition and 
understand how changing their lifestyles or investing in technology can achieve energy reduction 
and cost savings.
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The development of home energy management systems is becoming more popular around the world as 
the technology improves and renewable energy sources become more prominent. These systems allow 
users to monitor their energy consumption and production (if applicable), and to provide manual control 
of their energy use within the household. There are four main aspects of household energy that these 
systems can be involved in:

• Electricity: The system should make energy ‘visible’ and allow the occupants to observe what 
devices are doing and consuming, and to remotely modify their operation if required.

• Battery storage: The use of battery storage allows greater self-sufficiency and energy 
management systems aim to maximise the value of battery storage. There are many variables to 
account for such as, whether the house is a part of a time of use tariff and whether there is any 
incentive to sell stored energy to the grid

• Solar PV: This technology can have two focuses whether to prioritise ‘self-consumption’ of the 
solar energy or export the energy back to the grid. Energy management systems educate the 
consumer on how much solar they are producing, utilising and exporting back into the grid. 
This information can be used through machine learning algorithms to manage times of energy 
consumption that make the most of their solar, either through use or storage.

• Solar thermal: These systems operate independently from other electrical devices and the 
management systems can improve the value of these systems further.

The development of Building Automation Systems can assist occupants to manage their energy 
consumption and achieve load shifting: 

• Smart homes have the potential to conserve energy and reduce household’s impact of the 
network, based on occupant practices. 

• A major saving that can occur relates to heating, ventilation and cooling to regulate the climate 
within the home. The utilisation of sensors, timers, heating and cooling units, ceiling fans, windows, 
windows covering, and exhaust fans can be controlled and programmed to provide comfort for the 
occupants. This technology aims to make the most of natural heating and cooling when needed. 
Furthermore, this approach can be operated in zones and when required based off occupancy 
sensors to only consider areas that are occupied.
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Project Conclusions
The Fairwater Living Laboratory has successfully delivered on objectives, demonstrating reduced peak 
demand and total consumption for grid energy; and quantified actual energy performance of the GSHP 
systems. Additionally, the study has shown the reduced cost of living for residents (compared to business 
as usual) as well as the economic benefits to the developer, residents, and the distribution network 
service providers.  Improved urban heat island outcomes compared against a similar nearby site has also 
been demonstrated. In doing so it has delivered a technical and commercial evidence base to show the 
potential for reduction in electricity network augmentation and the commercial merits of industry-wide 
adoption of GSHP technologies and systems approaches in residential precinct developments.  

Importantly, through its use of the living laboratory framework that engages multiscalar and 
multidisciplinary approaches to interrogating performance in practice, the study also reveals the 
importance of an integrated approach to decarbonising precincts.  The study findings emphasise the 
importance of thermally efficient climate responsive building design, a better understanding of occupant 
behaviour and energy consequences, precinct-based approaches that encompass technology innovation 
for a decarbonised future as well as well-designed infrastructure to support the health, well-being and 
resilience of the resident population.
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Next Steps
This project provides deep insight for the property industry, network providers and policy makers on 
GSHP technology and precinct level sustainability measures.  

Next steps for these stakeholders are:

• The study findings indicate that the benefits from the reduction in peak demand and network 
augmentation enjoyed by the networks are greater in comparison to residential customer energy 
savings from GSHP. This calls for better partnerships between property developers, consumers 
and the networks to ensure benefits to the network are also passed on to property developers and 
consumers.  

• Plan for a diversity of uses whereby retail/commercial/public buildings and residential homes 
take advantage of shared services for heating and cooling.  As discussed above, this could serve to 
balance power demand between day and night-time uses.  

• Additionally, residential developments such as Fairwater offer the opportunity for investment in 
precinct scale EV infrastructure and installation of other shared infrastructure such as micro grids 
and shared energy storage to manage energy demand and maximise utilisation of solar electricity 
generated on site.  

• The study identified a clear need for benchmarkable energy data to support analysis and 
comparisons of residential precincts. The solar shadow in current configurations of smart 
metering, makes meaningful research of solar houses very difficult. From a network and customer 
perspective, detailed submetering of electricity end-uses as deployed in the current study can 
offer better insight for energy conservation and demand management. Meaningful research also 
requires important data with respect to demographics and building metrics 

• You can’t manage what you can’t measure – monitoring is key.  This is crucial for benchmarking 
and filling the void in the lack of detail energy data for residential end uses.  Additionally, the 
present study reveals a lot about user behaviour in relation to user choices, and air-conditioning 
preferences that would not be revealed without robust monitoring. Building on the machine 
learning algorithm developed in this study paired with smart devices in home appliances will 
enable targeted feedback on the timing of energy and water consumption. 

• Living Laboratories should be a mandatory test bed for all innovative interventions - the success of 
the Fairwater Living Laboratory reinforces the value of integrating research and innovation within 
a user-centred approach encompassing multiple stakeholders.
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The Fairwater Living Laboratory was established to investigate the outcomes for sustainability, resilience, 
well being and commerciality at Fairwater, Blacktown. This research is led by Professor Leena Thomas and 
her team from the University of Technology Sydney and Professor Greg Morrison and his team from Curtin 
University in collaboration with Climate-KIC Australia.

Full research reports from University of Technology Sydney (UTS) and Curtin University can be obtained by 
contacting Climate-KIC Australia at admin@climate-kic.org.au.

The project is funded by the Australian Renewable Energy Agency (ARENA), Frasers Property Australia, 
and the NSW DPIE as well as project partners Climate-KIC Australia, NSW Office of Environment and 
Heritage (OEH), Green Building Council of Australia and Wattwatchers.

Fairwater Living Lab

More information: www.climate-kic.org.au/our-projects/fairwater
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