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1. Executive Summary 
Building modelling software was used to identify optimal home design and appropriate modifications 

to improve performance in a future anticipated warmer climate in Melbourne, Australia. The design 

for place 8.1 Star NatHERS Banksia house was modelled for Melbourne in Integrated Environmental 

Solutions Virtual Environment (IESVE) including the recommendations for its climate zone (DISER 

2020). The home was then modified to create the Building Code of Australia (BCA) house model, that 

only complied with the elemental provisions of the National Construction Code 2019. The Banksia 

house performed significantly better than the BCA compliant version when energy performance 

simulations were performed utilising NatHERS protocols, in both the current (historically derived) and 

a predicted future warmer climate of 2050. Modifications to the Banksia house were then tested to 

improve its performance based on the future climate scenario.  

 

The simulation results found that by reducing glazed areas, improving glazing performance and 

increasing shading, the annual thermal load of the Banksia house in the future climate could be 

reduced by 15 per cent. The modifications for the future climate however caused a 21 per cent 

increase in annual thermal load in the current climate. This indicates that design modifications for 

the future climate must be chosen with care to limit any adverse impacts in the current climate. The 

results demonstrate to achieve optimal outcomes, buildings may need to be modified over time as 

the climate changes. Designing buildings to be adaptable would increase the ease of these 

modifications. Table 1 provides a summary of the simulation results. 

 

Table 1: Simulation results for generated models 

Scenario Heating load  

(MWh / annum) 

Cooling load 

(MWh / annum) 

Combined thermal load 

(MWh / annum) 

Banksia house current climate   6.28 1.97 8.25 

BCA house current climate   11.81 2.62 14.43 

Banksia house future climate 1.92 8.05 9.97 

BCA house future climate 4.66 8.78 13.44 

Banksia house future climate with all 

modifications  

4.21 4.28 8.49 

Banksia house current climate with all 

modifications 

0.54 9.94 10.48 

 

2. Introduction 
In 2019 the Victorian Department of Environment Land Water and Planning (DELWP 2019) released 

a climate science report that confirmed Victoria’s climate is warming due to climate change. The 

report outlines that the average temperature across the state has warmed by 1ºC since 1910. It 

forecasts that by 2050, the average annual Victorian temperature is anticipated to increase by up to 

an additional 2.4ºC, with double the number of very hot days under a high emissions scenario. It 

predicts that Melbourne’s climate could be more like Wangaratta’s climate in central Victoria due to 

this. Homes in Wangaratta and Melbourne are currently required to be designed differently under the 

NatHERS system due to their differing climate zones and the impact of a changing climate is not 

assessed under the current system (DOE 2013; O’Leary 2016). Upadhyay (2018) outlines that 

modern building design often uses climate modifying technologies and has limited consideration of 

local climate constraints yet alone future climatic changes.  As the lifespan of new homes can be 

estimated at 50 years it is important that their design considers the changing climate to ensure they 

can operate effectively in the future (Aijazi & Brager 2018; Upadhyay, Munsami & Smith 2019). 
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To determine the most suitable design for a future climate, the 8.1 star NatHERS rated Banksia 

house was modelled in Integrated Environmental Solutions Virtual Environment (IESVE) modelling 

software. The Banksia house is an energy efficient home design that was developed by the 

Australian Government to encourage sustainable construction (DISER 2020). The design was then 

modified to create the BCA house, that just met the minimum deemed to satisfy elemental 

provisions the National Construction Code 2019. The modelling of internal gains, space conditioning, 

air leakage and ventilation was undertaken following NatHERS protocols. Simulations were run for 

both homes using climate data based on current climate and predicted 2050 climate under the 

highest emissions scenario for Moorabbin in Melbourne which confirmed the better performance of 

the Banksia house in both climates. Due to the superior performance of the Banksia house, it was 

modified to determine beneficial changes to improve performance in a future climate, based on 

alterations suggested in relevant literature.  

 

3. Literature Review 
A literature review took place to understand what design strategies would be suitable to maximise 

housing performance in a future climate. This was required to inform design modifications to the 

Banksia house to increase its climate resilience. It was challenging to locate research based 

specifically on adaptations for Melbourne’s climate zone, so broader literature needed to be 

reviewed. The literature was generally in agreement that reducing building heat gain was critical to 

improve performance in the anticipated future climate. Upadhyay, Munsami and Smith (2019) 

provided this recommendation for Western Sydney, whilst Tetty, Dodoo & Gustavsson (2017) 

provided a similar recommendation for multi- storey residential buildings in Sweden. Tetty, Dodoo & 

Gustavsson (2017) identified that improving window U-values, reducing heat gain through windows, 

reducing window area, and incorporating window shading improved performance in a future 

modelled climate. 

 

Shen et al. (2019a) looked at adaptations to design for future homes in three different climate zones 

in Europe, in each zone the importance of managing glazing to external wall ratio was highlighted. 

Shen et al. (2019b) found that a key opportunity for climate change adaptation was improving 

building thermal envelope. Kosir (2019) outlines the increased importance of window shading for 

temperate climates to reduce solar heat gain, the future greater importance of heat exclusion, and 

the diminishing importance of heat admission. Smith (2010) identified that the traditional focus in 

building design in the UK has been on retaining warmth, and that there will need to be a greater 

focus on excluding heat in the future. The general focus of heat exclusion through initiatives such as 

envelope improvement, shading, and window size reduction are relevant for the Banksia house.   

   

4. Methodology 
Two models were developed and modifications to the Banksia house were implemented and tested 

for the future climate. Whilst the thermal elements and design attributes changed across the 

different models, internal gains, air conditioning, ventilation and air leakage were programmed into 

the models consistently to follow NatHERS protocols. Table 2 provides a summary of these inputs. 

For simplicity, a skylight shown on some design for place plans in the front entry was not modelled in 

any option, details about its thermal attributes were not available (DISER 2020). Solar absorptance 

values were generally not adjusted in IESVE so the defaults for the selected materials were used. 

The roof colour for the BCA compliant house is an exception, which needed to be considered to 

determine the insulation level required under building regulations. All models included a central 

ducted heat pump heating cooling system of standard efficiency. A review of suppliers including 

Australian Climate Systems (2021), Coldflow (2021) and Maroondah Heating and Cooling (2021) 

identified these systems are becoming more common in Melbourne and keeping this element 

consistent kept the models comparable. Climate data for the current climate from the Department of 

Environment and Water Resources (2006) and future climate from Exemplary Energy Partners 

(2019) was applied to the models for the simulations. Appendix A contains screenshots of inputs 

into the software for all models. 
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Table 2: Internal gains, conditioning, ventilation and air leakage of modelled dwellings 

Item Values 

Air exchanges 0.6/hr as per NCC V2.6.2.2(b)(ii) reference building requirements (ABCB 2019). 

Internal gains Applied for kitchen/living area and bedrooms only.  

Variable volumes as per appendix B.1 of NatHERS Software Accreditation 

Protocol (NatHERS National Administrator 2012). 

Maximum 1610W kitchen living and 300W combined bedrooms sensible. 

Maximum 750W kitchen living and 100W combined bedrooms latent.   

Conditioning Bedrooms An average calculated heating set point of 16.8ºC and a cooling set point of 

24ºC from 4pm to 9am, including walk in robe and ensuite for main bedroom 

(DOEE 2019; Issacs & Graham 2020; NatHERS National Administrator 2012). 

Conditioning Living 

areas 

A heating set point of 20ºC and a cooling set point of 24 ºC from 7am to 12am, 

including entry hallway (DOEE 2019; Issacs & Graham 2020; NatHERS National 

Administrator 2012). 

Opening of windows 

and doors 

For external openings formula used (ta>24) & (ta>(to-4)). Windows and doors to 

open when the temperature inside (ta) is greater than 24, and the temperature 

inside is greater that the temperature outside minus 4 degrees (Baharun, Ooi & 

Chen 2009). Internal doors open continuously as NatHERS assessor handbook 

outlines these doors are assumed to be opened and closed to allow the 

dwelling to be naturally ventilated (DOEE 2019). 

 

4.1 Banksia house  

To model the Banksia house, its floor plan was inserted into IESVE and used to draw the general 

dimensions of the dwelling. The area was subdivided into separate rooms, where rooms had unique 

thermal or conditioning characteristics. The lean-to roof was added, and a raked ceiling created in 

the living area and main bedroom. The model was designed to match the Banksia house design 

options for Melbourne, which have been developed in consideration of its climate (DISER 2020). 

Table 3 summarises the thermal properties inputted into the model as per the assessment brief and 

Banksia house design details (DISER 2020; Willand 2021). The slab contains a 300mm waffle pod, 

an 18.9mm layer of polystyrene has been added to the model to replicate the R 0.63 improvement 

this provides (CSIRO 2018). Figure 1 shows the axonometric view of the Banksia house. 

 

 
Figure 1: Axonometric view of modelled Banksia house 
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Table 3: Banksia house thermal properties (DISER 2020; Willand 2021) 

Element Total R value 

(m2K/W) 

Materials (outside to inside) 

External walls North 2.86 Lightweight cladding, foil membrane, R2.5 batt insulation, 

plasterboard. 

External walls South, East 

and West 

3.03 Lightweight cladding, membrane, R2.5 batt insulation, 

brickwork and plasterboard. 

Roof / Ceiling 5.46 Sheet metal, insulating blanket R 1.3, insulation batts R 4.0, 

plasterboard 

Internal Walls Masonry 0.18 Brickwork 

Garage / attic walls 2.63 2 plasterboards on either side of a 90mm insulated cavity. 

Internal Walls .30 2 plasterboards on either side of a 90mm cavity. 

Floor burnished concrete 

Floor tiled (wet areas) 

Floor carpet (walk in robe) 

0.69 

0.70 

0.77 

Clay, polystyrene, concrete 

Clay, polystyrene, concrete, tile 

Clay, polystyrene, concrete, carpet 

Windows and sliding doors 0.61 Double glazed, 6mm glass, timber frame  

Internal doors 0.24 45mm timber 

Front door 

Laundry door 

0.24 

0.29 

45mm timber 

50% 45mm timber & 50% double glazed window 

 

4.2 BCA compliant house 

To transform the Banksia house into a BCA compliant house, its features were adjusted to be similar 

to a standard house and its thermal construction properties were adjusted to only meet the 

minimum deemed to satisfy compliance requirements under the BCA. Figure 2 shows an 

axonometric view of the BCA compliant house. 

 

 
Figure 2: Axonometric view of modelled BCA compliant house 
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Table 4 outlines the thermal properties of the BCA compliant house that were utilised and details of 

why they were applied. A roof colour with a solar absorptance of 0.3 was applied, as this needed to 

be considered to determine the roof’s insulation requirements under the BCA. A timber floor was 

applied to most of the home, as this is more common in standard homes than the Banksia house’s 

burnished concrete. 

 

Table 4: BCA compliant house thermal properties 

Element Total R 

value 

(m2K/W) 

Materials (outside to inside) Reasoning 

External walls 2.80 

 

Plaster, brickwork, membrane, 

insulation and plasterboard. 

Materials as per Wiland (2021). 

R-value as per clause 

3.12.1.4(b)(ii) of vol. 2 of the 

National Construction Code in 

(ABCB 2019) 

Roof / Ceiling 4.6 Concrete tiles (solar 

absorptance 0.3), insulating 

blanket R 1.6, insulation batts R 

2.9, plasterboard. 

Materials as per Wiland (2021).  

R-value as per Table 3.12.1.1f 

in vol. 2 of the National 

Construction Code (ABCB 

2019). 

Internal Walls 0.30 2 plasterboards on either side of 

a 90mm cavity 

As per Willand (2021). 

Floor timber 

Floor tiled (wet areas) 

Floor carpet (walk in 

robe) 

0.23 

0.15 

0.23 

Clay, concrete, timber 

Clay, concrete, tile 

Clay, concrete, carpet 

 

A floating timber floor is more 

common in standard homes 

than exposed concrete. 

Materials as per Wiland (2021). 

Windows and sliding 

doors 

0.16 Single glazed, 6mm clear glass, 

aluminium frame  

As per Wiland (2021). 

Internal doors 0.24 45mm timber As per Wiland (2021). 

Front door 

Laundry door 

0.24 

0.20 

45mm timber 

50% 45mm timber, 50% window 

Front door kept consistent with 

internal doors for simplicity. 

Laundry door resistance 

reduced due to single glazed 

window. 

 

4.3 Banksia house – adaptations for future climate 

As the Banksia house was more efficient in both the climate scenarios, it was selected for 

modifications in the future climate to determine what changes were advantageous. Based on the 

reviewed literature, modifications were applied and tested. These were applied separately so their 

independent results could be understood. All adaptations were then combined, and results 

simulated to understand how they performed together.  

 

4.3.1 Banksia house future climate model 1 – increase shading 

The modelled Banksia house includes a large shade along the north of the dwelling measuring 1.63 

metres in width, and smaller shades around the east and west windows measuring 400mm in width. 

The first modification that was implemented involved increasing shading elements on the north, east 

and west to provide additional protection from solar heat gain in a future climate. The shading to the 

east and west bedroom and ensuite windows was increased from 400mm to 600mm and the 
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simulation was run. The larger northern shading was then extended to varying extents and 

simulations were run to identify the most advantageous results. Figure 3 shows the shading width 

being adjusted as part of this process.  

 

 
Figure 3: Shading adjustments using the edit space function 

 

4.3.2 Banksia house future climate model 2 – decrease glazing 

The second modification that was implemented involved reducing the extent of glazing. Two of the 

three large north facing sliding doors were removed and replaced with a partially operable window 

16 per cent of their combined size. The west facing window next to the front door was removed, and 

the window to the ensuite was reduced by 66 per cent. Instead of the ensuite window being partly 

fixed and partially operable, due to the reduced size the entire window was made operable to 

minimise impacts on natural ventilation. The size of the shading element to the ensuite window was 

also reduced to match the window. The northern clerestory windows were also reduced by 50 per 

cent by removing the fixed sections. Figure 4 illustrates the adjustments applied to the window 

extent, which equate to an overall glazing reduction of 34 per cent, and this quantified in Table 5.  

 

 
Figure 4: Banksia house reduced glazing for future climate 

 

Table 5: Window reductions 

Window/s Original extent Reduced extent 

Ensuite window 2.87m2 0.95m2 

Northern sliding doors 33.98m2 19.74m2 

Window next to front door 1.104m2 0m2 

Northern clerestory windows 8.54m2 4.27m2 

Other windows 17.17m2 17.17m2 

Total 63.66m2 42.13m2 
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4.3.3 Banksia house future climate model 3 – improve glazing 

The third modification that was implemented involved improving and modifying the glazing for better 

performance in a warmer climate. This involved dropping the shading co-efficient of the windows 

from 0.60 to 0.31 and adding another layer of glazing to provide triple glazed windows improving the 

U-value from 2.0 to 1.7.  

 

5. Results 
A range or results were generated using simulation software. The focus of the analysis was looking at 

heating and cooling loads including annual consumption and peak loads. The results were also 

analysed in terms of energy intensity (kWh/m2/annum). Internal room temperatures both with and 

without conditioning were also examined in the main bedroom and main living and kitchen area. 

These two areas were selected as they are representative of the two different conditioned zones 

within the dwelling. Energy intensity was based on a 179m2 floor area, which is the size of the floor 

area in the IESVE model excluding the garage. This is only a slight variance from the 172m2 size 

shown on the design for place plans, which may have been caused by a minor discrepancy in the 

scale applied in the modelling software (DISER 2020). Screenshots of results from all models are 

included in Appendix A. 

 

5.1 Banksia house and BCA house 

Table 6 shows a summary of the key results for the Banksia house and BCA house simulations in the 

current climate, based on the models where conditioning is applied. These results indicate the 

Banksia house has an annual thermal load that is 43 per cent less than the BCA house, 

demonstrating its more efficient performance in the current climate. 

 

Table 6: Results Banksia house and BCA house current climate 

Metric Banksia house current climate BCA house current climate 

Annual energy intensity (kWh/m2) 191 208 

Total system energy (MWh/annum) 34.11 37.23 

Heating loads (MWh/annum) 6.28 11.8 

Cooling loads (MWh/annum) 1.97 2.6 

Total heating and cooling loads 

(MWh/annum) 

8.25 14.4 

Peak heating load 21 Jul – 7:30 - 9.3 kW 22 Jun – 10:30 - 10.9kW 

Peak cooling load 25 Jan - 16:30 – 22.5 kW 7 Mar – 16:30 – 30.2kW 

Minimum temperature main bedroom 24 Jul – 9:30 – 16.7ºC 24 Jul – 9:30 – 16.2ºC 

Maximum temperature main bedroom 7 Mar – 14:30 – 41.1ºC 7 Mar – 14:30 – 42.4ºC 

Average temperature main bedroom 20.1ºC 19.6ºC 

Minimum temperature living area 21 Jul - 6:30 - 15.1ºC 21 Jul – 6:30 – 13.7ºC 

Maximum temperature living area 3 Jan - 3:30 – 27.8ºC 3 Jan – 3:30 – 28.0ºC 

Average temperature living area 20.6ºC 20.1ºC 
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Table 7 shows a summary of the key results for the Banksia house and BCA house simulations in the 

current climate in free floating mode with no heating or cooling applied. This demonstrates the 

Banksia house has a higher minimum temperature and average internal temperatures, 

demonstrating its building envelope is more effective than the BCA house. 

 

Table 7: Energy simulation results – Banksia and BCA house in current climate free floating mode 

Metric Banksia house current climate BCA house current climate 

Minimum temperature main bedroom 16 Jun – 7:30 - 10.4ºC 21 Jul – 6:30 - 8.3ºC 

Maximum temperature main bedroom 7 Mar – 14:30 – 42.2ºC 7 Mar – 14:30 - 42.4ºC 

Average temperature main bedroom 19.0ºC 17.9ºC 

Minimum temperature living area 16 Jun – 7:30 – 10.4ºC 21 Jul – 6:30 – 8.5ºC 

Maximum temperature living area 7 Mar – 14:30 –42.2ºC 7 Mar – 14:30 - 42.3ºC 

Average temperature living area 18.9ºC 17.9ºC 

 

Whilst these results confirm the Banksia house’s optimal performance in the current climate, the 

future climate also needs to be considered. Simulation results of the Banksia house and BCA house 

in the future climate are shown in Table 8, which demonstrates that the Banksia house is still more 

efficient in the future climate, with a lower energy intensity and combined heating and cooling load. 

 

Table 8: Results Banksia house and BCA house future climate 

Metric Banksia house future climate BCA house future climate 

Annual energy intensity (kWh/m2) 197 207 

Total system energy (MWh/annum) 35.22 36.98 

Heating loads (MWh/annum) 1.92 4.7 

Cooling loads (MWh/annum) 8.05 8.8 

Total heating and cooling loads 

(MWh/annum) 

9.97 13.4 

Peak heating load 16 Aug – 7:30 – 8.5kW 16 Aug – 7:30 – 10.1kW 

Peak cooling load (kW) 19 Apr – 16:30 – 38.9kW 11 Jan – 14:30 – 37.0kW 

Minimum temperature main bedroom 28 Jun – 9:30 - 16.8 ºC 1 Jul – 9:30 – 16.4ºC 

Maximum temperature main bedroom 7 Mar – 15:30 – 44.3ºC 7 Mar – 15:30 – 44.8ºC 

Average temperature main bedroom 21.9 ºC 21.1ºC 

Minimum temperature living area 16 Aug – 6:30 – 15.6ºC 16 Aug – 6:30 – 14.3ºC 

Maximum temperature living area 19 Dec – 4:30 – 28.4ºC 9 Mar – 5:30 – 28.6ºC 

Average temperature living area 22.0ºC 21.4ºC 
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Table 9 compares the Banksia house and BCA house in the future climate in free floating mode 

without heating and cooling applied. This demonstrates the Banksia house has a lower range of 

internal temperatures due to its improved fabric when compared to the BCA house. Figures 5 and 6 

compare the thermal loads and energy intensity of the different models in the current and future 

climate. 

 

Table 9: Energy simulation results – BCA and Banksia house future climate free floating mode 

Metric Banksia house future climate BCA house future climate 

Minimum temperature main bedroom 28 Jun – 8:30 – 12.6ºC 16 Aug – 7:30 - 10.2 ºC 

Maximum temperature main bedroom 7 Mar – 15:30 - 45.8ºC 7 Mar – 15:30 – 46.0ºC 

Average temperature main bedroom 21.9ºC 20.9ºC 

Minimum temperature living area 28 Jun – 7:30 – 12.5ºC 16 Aug – 7:30 - 10.6 ºC 

Maximum temperature living area 7 Mar – 15:30 – 45.8ºC 7 Mar – 15:30 – 45.9ºC 

Average temperature living area 21.9ºC 21.0ºC 

 

 
Figure 5: thermal loads of BCA and Banksia house in different climates 

 

 
Figure 6: Energy intensity of BCA and Banksia house in different climates 
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The Banksia house saw a 17 per cent increase in its annual thermal load due to a changing climate, 

whilst the BCA house saw a 7 per cent reduction. In both cases cooling loads increased and heating 

loads decreased due to a warming climate. The results also show that overall energy and energy 

intensity, which includes all system and other ancillary energy, also increased for the Banksia house 

though reduced slightly for the BCA house in the future climate. The energy intensity values are 

linked to the efficiency of the heating and cooling system and other factors, whilst the thermal loads 

are based on the building envelope. The Banksia house still performed better than the BCA house in 

the future climate with a lower maximum temperature in free floating mode, lower energy intensity, 

and lower thermal loads. The BCA house only performed slightly better in relation to peak cooling 

demand. Due to the Banksia house’s better performance in general, it was selected for modification 

for the future climate scenario. 

 

5.2 Banksia house future climate model 1 – increase shading 

It was found that extending the shading on the east and west windows from 400mm to 600mm, and 

extending the northern shading from 1.63 metres to 2.63 metres resulted in the greatest reduction 

in annual thermal load. The northern shading was tested at different dimensions, and load 

reductions stopped after extending the shade beyond 2.63 metres as increases in heating load 

began to exceed savings in cooling load. The results of the shading increase to 600mm on the east 

and west windows and 2.63 metres to the north are shown in Table 10, demonstrating that these 

changes could achieve a 5 per cent reduction in thermal demand in the modelled 2050 climate.  

 

Table 10: Key results – model 1 Banksia house with increased shading 

Metric Banksia house conditioned Banksia house free floating mode 

Annual energy intensity (kWh/m2) 195 N/A 

Total system energy (MWh/annum) 34.9 N/A 

Heating loads (MWh/annum) 2.41 N/A 

Cooling loads (MWh/annum) 7.07 N/A 

Total heating and cooling loads 

(MWh/annum) 

9.48 N/A 

Peak heating load 16 Aug – 7:30 – 8.6kW N/A 

Peak cooling load (kW) 19 April – 16:30 – 32.0kW N/A 

Minimum temperature main bedroom 28 Jun – 9:30 - 16.7ºC 28 Jun – 8:30 – 12.5ºC 

Maximum temperature main bedroom 7 Mar – 15:30 - 44.2ºC 7 Mar – 15:30 – 45.7ºC 

Average temperature main bedroom 21.6ºC 21.5ºC 

Minimum temperature living area 16 Aug – 6:30 - 15.6ºC 28 Jun – 7:30 – 12.4ºC 

Maximum temperature living area 19 Dec – 4:30 - 28.4ºC 7 Mar – 15:30 – 45.7ºC 

Average temperature living area 21.7ºC 21.5ºC 

 

5.3 Banksia house future climate model 2 – decrease glazing 

Results demonstrating the outcomes of reducing glazing to the north, east and west are shown in 

Table 11. This demonstrates that reducing the glazing extent in the future climate reduced annual 

thermal loads by 12 per cent, from 9.97 MWh per annum to 8.75 MWh per annum. The adjustment 
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of these windows reduced the heat gain of the house from solar exposure and increased its thermal 

resistance through replacing the windows with insulated walls. The changes also provide a slightly 

greater reduction in internal temperatures and peak cooling loads than those achieved in model 1.  

 

Table 11: Results – model 2 Banksia house with reduced glazing 

Metric Banksia house conditioned Banksia house free floating mode 

Annual energy intensity (kWh/m2) 193 N/A 

Total system energy (MWh/annum) 34.54 N/A 

Heating loads (MWh/annum) 2.55 N/A 

Cooling loads (MWh/annum) 6.20 N/A 

Total heating and cooling loads 

(MWh/annum) 

8.75 N/A 

Peak heating load 16 Aug – 7:30 – 7.93kW N/A 

Peak cooling load 19 Apr – 13:30 – 35.68kW N/A 

Minimum temperature main bedroom 28 Jun – 9:30 – 16.8ºC 28 Jun – 7:30 – 12.5ºC 

Maximum temperature main bedroom 7 Mar – 15:30 – 44.3ºC 7 Mar – 15:30 – 45.8ºC 

Average temperature main bedroom 21.7ºC 21.5ºC 

Minimum temperature living area 16 Aug – 6:30 – 15.9ºC 28 Jun – 7:30 – 12.5ºC 

Maximum temperature living area 26 Jan – 6:30 – 28.2ºC 7 Mar – 15:30 – 45.6ºC 

Average temperature living area 21.6ºC 21.2ºC 

 

5.4 Banksia house future climate model 3 – improved glazing 

Results demonstrating the outcomes of switching to triple glazing and reducing window shading co-

efficient from 0.6 to 0.31 are shown in Table 12. This demonstrates that combined these 

modifications led to a 10 per cent reduction in annual thermal loads, and in isolation the reductions 

were less significant.  

 

Table 12: Key results – model 3 Banksia house with improved glazing 

Scenario Heating Load 

(MWh/annum) 

Cooling Load 

(MWh/annum) 

Total Load 

(MWh / 

annum) 

Unmodified banksia house 1.92 8.05 9.97 

Reduced shading co-efficient only 3.58 5.8 9.38 

Triple glazing only 1.68 8.06 9.74 

Triple glazing and reduced shading co-efficient 3.35 5.67 9.02 

 

Table 13 shows a summary of results for model 3 of the Banksia house in the future climate with 

triple glazing and the reduced window shading co-efficient. The changes also dropped internal 
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temperatures and peak cooling loads. Improving glazing reduced the amount of heat entering the 

dwelling and the subsequent need for cooling.  

 

Table 13: Results – model 3 Banksia house with improved glazing 

Metric Banksia house conditioned Banksia house free floating mode 

Annual energy intensity (kWh/m2) 194 N/A 

Total system energy (MWh/annum) 34.7 N/A 

Heating loads (MWh/annum) 3.35 N/A 

Cooling loads (MWh/annum) 5.67 N/A 

Total heating and cooling loads 

(MWh/annum) 

9.02 N/A 

Peak heating load 16 Aug – 7:30 - 8.43kW N/A 

Peak cooling load 19 Apr – 16:30 – 33.68kW N/A 

Minimum temperature main bedroom 28 Jun - 9:30 – 16.7ºC 28 Jun – 8:30 - 11.95ºC 

Maximum temperature main bedroom 7 Mar – 15:30 – 44.2ºC 7 Mar – 15:30 – 45.7ºC 

Average temperature main bedroom 21.1ºC 20.8ºC 

Minimum temperature living area 16 Aug – 6:30 – 15.6ºC 28 Jun – 7:30 – 11.9ºC 

Maximum temperature living area 26 Jan – 6:30 – 28.4ºC 7 Mar – 15:30 – 45.7ºC 

Average temperature living area 21.4ºC 20.8ºC 

 

5.5 Banksia house future climate combined modifications 

Table 14 shows additional results for the Banksia house with combined modifications in the future 

climate. The combined modifications achieve a reduction in peak cooling load from 38.9kW to 

26.7kW compared to the unmodified Banksia design in the future climate. The modifications saw 

average temperature in free floating mode drop from 21.9ºC in the main bedroom and living room, to 

20.1ºC, and annual thermal load reduce by 15 per cent. This demonstrates the significant reduction 

of heat gain in the dwelling on average with the modifications in place. Figures 7 and 8 show the 

combined modifications to the dwelling including the larger shading elements and reduced glazing, 

and the impacts at different times of the year. These figures demonstrate the dwelling is still able to 

receive some solar heat gain in winter in July through the northern windows, though in March the sun 

is being blocked from the dwellings large northern windows by the larger shading element. 

 

 
Figure 7: Combined modifications Banksia house July midday 
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Figure 8: Combined modifications to the Banksia house March midday 

 

 Table 14: Results combined modifications to Banksia house 

Metric Banksia house conditioned Banksia house free floating mode 

Annual energy intensity (kWh/m2) 192 N/A 

Total system energy (MWh/annum) 34.3 N/A 

Heating loads (MWh/annum) 4.21 N/A 

Cooling loads (MWh/annum) 4.28 N/A 

Total heating and cooling loads 

(MWh/annum) 

8.49 N/A 

Peak heating load 16 Aug – 7:30 – 7.93kW N/A 

Peak cooling load 24 Feb – 7:30 – 26.76kW N/A 

Minimum temperature main bedroom 28 Jun – 9:30 – 16.7ºC 28 Jun – 8:30 – 11.9ºC 

Maximum temperature main bedroom 7 Mar – 15:30 - 44.2ºC 7 Mar – 15:30 – 45.7ºC 

Average temperature main bedroom 20.8ºC 20.1ºC 

Minimum temperature living area 16 Aug – 6:30 – 15.9ºC 28 Jun – 7:30 – 11.9ºC 

Maximum temperature living area 26 Jan – 6:30 – 28.2ºC 7 Mar – 15:30 – 45.6ºC 

Average temperature living area 21.2ºC 20.1ºC 

 

5.6 Results compared  

The results demonstrate the impact of climate change on thermal loads, energy use and 

temperature. Figure 9 shows temperatures in unconditioned simulations at the time of peak internal 

temperature on March 7. This shows the significant increase in internal and external temperature in 

the future climate. Also demonstrated is that the modified Banksia house performs slightly better 

than the unmodified version and BCA house when facing this extreme heat. With an outside air 

temperature of 46ºC however, all future dwellings struggle due to the intensity of the heat.  
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Figure 9: Peak temperatures kitchen /living area and outside (without conditioning) 

 

Figures 10 and 11 shows the results of the different and combined modifications to the Banksia 

house in a future climate scenario. Reducing glazing achieved the greatest reduction in thermal 

demand in the future climate as an independent action, improving glazing was the second most 

effective option and increasing shading had the smallest benefit. These results highlight the 

importance of appropriate wall to window ratios especially in consideration of a warming climate. The 

combined modifications provided the largest reduction in thermal demand, though reducing glazing 

could provide most of the reductions in isolation. Energy intensity reduced with the changes; 

however, the reduction was limited. There are other factors that influence energy intensity in addition 

to thermal load that this reflects. 

 

 
Figure 10: Thermal load Banksia house with various modifications in future climate 

30

35

40

45

10:30 11:30 12:30 13:30 14:30 15:30 16:30 17:30 18:30 19:30 20:30 21:30 22:30 23:30

T
e

m
p

re
ra

tu
re

 º
C

Kitchen / living area and external temperature 7 March

BCA house future kitchen / living area BCA house current kitchen / living area

Banksia house current kitchen / living area Banksia house future modified kitchen / living area

Banksia house future kitchen / living area Future outside tempreature

Current outside tempreature

9.97
9.48

8.75
9.15

8.49

0

2

4

6

8

10

12

Unmodified
banksia house

Model 1 increase
shading

Model 2 reduce
glazing

Model 3 improve
glazing

Combined models

Thermal load (MWh/annum)



17 

 

 
Figure 11: Energy intensity Banksia house with various modifications in future climate 

 

The modified Banksia house was also simulated in the current climate to assess what impact the 

implemented modifications would have at the present time. The results are shown in Table 15 and 

Figure 12. The results demonstrate that the modifications provide a 15 per cent reduction in annual 

thermal load in the future climate, though increase annual thermal load by 21 per cent in the current 

climate. This is due to the modifications rejecting of beneficial heat in winter in the current cooler 

climate, significantly increasing heating demand.   

 

 
Figure 12: Thermal load impact of modifications to the Banksia house 
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Table 15: Key results – combined modifications to the Banksia house 

Scenario Heating Load 

(MWh/annum) 

Cooling Load 

(MWh/annum) 

Total Heating 

and Cooling load 

(MWh / annum) 

Annual energy 

intensity 

(kWh/m2) 

Unmodified current climate 6.28 1.97 8.25 191 

All modifications current climate 9.94 0.54 10.48 197 

Unmodified future climate 1.92 8.05 9.97 197 

All modifications future climate 4.21 4.28 8.49 192 

 

Considering the significant reductions that were achieved by reducing glazing alone, model 2 was 

also simulated in the current climate. This found that the reduction in glazing in model 2 only caused 

an increase in thermal load from 8.24 MWh/annum to 8.64 MWh/annum. If design adaptation is 

limited to reducing glazing, this would limit impacts on current performance whilst also having the 

greatest benefit of the three modelled options for performance in a future warmer climate. 

 

6. Discussion 
The suitability of utilising energy modelling software to compare building designs and measure the 

impact of design modifications has been demonstrated. Manually calculating the impact of climate 

on dwelling design would not be practical. The use of software allows these calculations to be 

completed efficiently, assisting designers to improve buildings and ensure they are optimised for 

their climate zone. Modelling software allowed various adjustments to be modelled to the Banksia 

dwelling in the future climate to reject heat and their impacts to be assessed. This determined that 

the greatest improvement could be obtained by combining the modifications, whilst a reduction in 

glazed area provided the greatest improvement in isolation.   

 

The reduction in glazing provided the greatest improvement as windows have much less thermal 

resistance than insulated walls, and as they are transparent, they can also allow solar radiation to 

penetrate buildings. Windows are however important to allow ventilation, natural light and solar heat 

gain in winter. Due to a warming climate, heat gain in winter becomes less important, therefore a 

reduction in window extent can improve performance. Whilst widows and associated natural light 

provide a variety of benefits, to increase occupant thermal comfort in a future warmer environment 

their extent may need to be reduced. The impact of glazing reductions on natural light and views 

needs to be considered as part of the design process. 

 

Whilst the improved Banksia house reduced energy intensity and thermal loads in the future climate, 

the modification increased these in the current climate. Buildings should not be designed to focus on 

the future climate only, as this could make them ineffective in the current climate. Both future and 

current climates need to be considered to enable optimum designs to be achieved. Some future 

climate design adaptations may have less of an impact on current performance. In the case of the 

Banksia house reducing glazing provided significant benefits in the future climate and limited 

adverse thermal and energy impacts in the current climate.  

 

Further modelling of the Banksia house to identify the optimum design for both climates, utilising 

different extents of the modifications developed for the future climate is recommended. This may 

demonstrate different levels of reduced glazing, shading increase and glazing improvement may 

provide a balanced outcome that achieves reasonable results in both climates. Planning for future 

adaptions in the current design should also be considered, such as window tinting to increase heat 

rejection and shading that can be easily extended. Dwellings designed to be easily modified as the 

climate changes would enable them to operate effectively in the current climate and easily adjust to 
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the future climate. Policy makers may consider ways to require future climate projections to 

influence building design and adaptability to improve outcomes as the climate changes. 

 

7. Conclusion 
Designing buildings with a reasonable level of protection from heat is important to increase 

resilience from climate change, and it is critical that climate change impacts are considered as part 

of the design process. Focus should not be limited to designing for the current or future climate 

however, as the optimal design solutions for each can lead to adverse outcomes in the other. The 

importance of designs considering both future and current climate has been highlighted. Designing 

buildings to be adapted as the climate changes could further improve outcomes. 
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Appendix A: Screenshots, Inputs and Outputs 
This appendix includes screenshots, inputs and outputs of models used for the analysis. 

 

A1. Attributes common to all models 

Internal gains, air leakage, ventilation, heating and cooling profiles and systems remained consistent 

across all models. Some screenshots in this section may include text referring to the Banksia house, 

this is because the attributes were first created for the Banksia house then also applied to the BCA 

house. Figure A1 shows the heating system attributes, and Figure A2 the cooling system. 

 

 
Figure A1: Specifications of heating system used in all models 

 

 
Figure A2: Specifications of cooling system used in all models 
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Figure A3 shows the conditioning hours for the living area and Figure A4 for the bedrooms. 

 

 
Figure A3: Conditioning profile for the living area 

 

 
Figure A4: Conditioning profile for the bedrooms 
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Table A1 shows the heating operation profiled and Table A2 the cooling. 

 

Table A1: Heating operation profile 

 
 

Table A2: Cooling operation profile 
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Figures A5 – A8 show the maximum sensible and latent internal gains  

 

 
Figure A5: Maximum sensible internal gains living area  
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Figure A6: Maximum latent internal gains living area  
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Figure A7: Maximum sensible internal gains bedroom  
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Figure A8: Maximum latent internal gains bedroom  
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Figures A9 – A12 demonstrate the profiles used for internal and latent heat gains. 

 

 
Figure A9: Internal sensible heat gains living area profile 

 

 
Figure A10: Internal latent heat gains living area profile 
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Figure A11: Internal sensible heat gains bedroom profile 

 

 

 
Figure A12: Internal latent heat gains bedroom profile 
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Tables A3 and A4 show the allocation of the sensible internal heat gains to bedrooms and living 

area. 

 

Table A3: Sensible internal gains applied to living are in Apache Sim 

 
 

Table A4: Sensible internal gains applied to bedrooms in Apache Sim 
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Figure A13 shows the air exchanges applied to the models. 

 

 
Figure A13: Air changes applied 

 

Figures A14 – A16 provide example of window opening profiles in Macroflow. 

 

 
Figure A14: Sliding window / door profile in Macroflow 
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Figure A15: W4 and W1 profile in Macroflow 

 

 
Figure A16: Kitchen window profile in Macroflow 
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Figure A17 shows the ventilation profile applied for window opening using a code in Macroflow. 

 

 
Figure A17: Ventilation profile for window opening in Macroflow 

 

A2. Banksia house 

Figure A18 shows a plan view of the Banksia house and A19 a model view. 

 

 
Figure A18: Banksia house plan view 
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Figure A19: Banksia house model view 

 

Figures A20 – A28 show details including thermal properties for key building materials for the 

Banksia house. 

 

 
Figure A20: Banksia house window details 

 

 
Figure A21: Banksia house north wall details 
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Figure A22: Banksia house east west and south wall details 

 

 
Figure A23: Banksia house exposed concrete floor details 

 

 
Figure A24: Banksia house carpet floor details 
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Figure A25: Banksia house tile floor details 

 

 
Figure A26: Banksia house roof details for raked areas 

 

 
Figure A27: Banksia house roof details for non-raked areas 
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Figure A28: Banksia house ceiling details (which applies to non-raked areas) 

 

Figures A29 – A34 show the application of some of the key thermal templates to different areas of 

the model. 

 

 
Figure A29: Allocation of carpet area for Banksia house flooring 
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Figure A30: Allocation of tiled area for Banksia house flooring 

 

 
Figure A31: Allocation of exposed concrete area for Banksia house flooring 
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Figure A32: Allocation of raked roofing area 

 

 
Figure A33: Allocation of non-raked roof  
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Figure A34: Allocation of Banksia house double glazing 

 

Tables A5 – A7 show results of the Banksia house simulation in the current climate 

 

Table A5: Banksia house thermal load and total system energy in current climate 
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Table A6: Banksia house peak loads and internal temperature current climate conditioned 

 
 

Table A7: Banksia house internal temperature current climate unconditioned 

 
 

Table A8 – A10 show results of the Banksia house simulation in the future climate 

 

Table A8: Banksia house thermal load and total system energy in future climate 

 
 

Table A9: Banksia house peak loads and internal temperature future climate conditioned 
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Table A10: Banksia house internal temperature future climate unconditioned 

 
 

A3. BCA house 

Figure A35 shows the plan view of the BCA house and figure A36 the model view 

 

 
Figure A35: BCA house plan view 

 

 
Figure A36: BCA house Model view 

 

Figures A37 – A43 show thermal properties for key building materials for the BCA house. 
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Figure A37: External wall details BCA house 

 

 
Figure A38: Carpeted floor details BCA house 

 

 
Figure A39: Tiled floor details BCA house 
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Figure A40: Timber floor details BCA house 

 

 
Figure A41: Window details BCA house 

 

 
Figure A42: Roof details BCA house 

 



46 

 

 
Figure A43: Ceiling details BCA house 

 

Figures A44 – A50 show the application of the construction materials to different parts of the BCA 

house. 

 

 
Figure A44: Allocation of tiled floor area BCA house  
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Figure A45: Allocation of carpet floor area BCA house  

 

 
Figure A46: Allocation of timber floor area BCA house  
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Figure A47: Allocation of external wall area BCA house  

 

 
Figure A48: Allocation of windows BCA house  

 

 



49 

 

 
Figure A49: Allocation of roof type BCA house  

 

 
Figure A50: Allocation of ceiling BCA house  
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Table A11 – A13 show results of the BCA house simulation in the current climate. 

 

Table A11: Thermal loads and total system energy BCA house current climate 

 
 

Table A12: Peak heating and cooling loads and internal temperatures BCA house current climate 

 
 

Table A13: Internal temperatures BCA house current climate unconditioned 
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Tables A14 – A16 show results of the BCA house simulation in the future climate. 

 

Table A14: Peak thermal loads and internal temperatures BCA house future climate conditioned 

 
 

Table A15: Internal temperatures BCA house future climate unconditioned 

 
 

Table A16: Thermal loads and total system energy BCA house future climate 

 
 

 

 

 

 

 

 

 

 

 

 

 



52 

 

A4. Banksia house future climate model 1 (increased shading) 

Figures A51 and A52 show the Banksia house modified with increased shading (model 1). 

 

 
Figure A51: Banksia house model 1 model view 

 

 
Figure A52: Banksia house model 1 plan view 
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Tables A17 – A19 show results of the Banksia house model 1 simulation in the future climate. 

 

Table A17: Thermal loads and total system energy Banksia house mode 1 future climate 

 
 

Table A18: Peak thermal loads and internal temperatures Banksia house model 1 future climate  

conditioned 

 
 

Table A19: Internal temperatures Banksia house model 1 future climate unconditioned 
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A5. Banksia house future climate model 2 (decreased glazing) 

Figures A53 and A54 show the Banksia house modified with decreased glazing (model 2). 

 

 
Figure A53: Banksia house model 2 Axonometric view 

 

 
Figure A54: Banksia house model 2 model view 
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Tables A20 – A23 show the simulation results for Banksia house model 2. 

 

Table A20: Thermal loads and total system energy Banksia house mode 2 future climate 

 
 

Table A21: Peak thermal loads and internal temperatures Banksia house model 2 future climate 

conditioned 

 
 

Table A22: Internal temperatures Banksia house model 2 future climate unconditioned 
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Table A23: Results for the Banksia house model 2 in the current climate. 

 
 

A6. Banksia house future climate model 3 (improved glazing) 

Figure A55 shows the modifications to the glazing made for Banksia house model 3. 

 

 
Figure A55: Modified glazing details Banksia house model 3 

 

 

 

 

 

 

 

 

 

 

 

 



57 

 

Tables A24 – A26 show the simulation results for Banksia house model 3. 

 

Table A24: Thermal loads and total system energy Banksia house mode 3 future climate 

 
 

Table A25: Peak thermal loads and internal temperatures Banksia house model 3 future climate 

conditioned 

 
 

Table A26: Internal temperatures Banksia house model 3 future climate unconditioned 
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A7. Banksia house combined future climate modifications 

Figure A56 and A57 shows the Banksia house with combined modifications. 

 

 
Figure A56: Banksia house combined modifications axonometric view 

 

 
Figure A57: Banksia house combined modifications model view 
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Tables A27 – A30 show the simulation results for Banksia house with the combined changes. 

 

Table A27: Thermal loads and total system energy Banksia house combined changes future climate 

 
 

Table A28: Peak thermal loads and internal temperatures Banksia house combined changes future 

climate conditioned 

 
 

Table A29: Internal temperatures Banksia house combined changes future climate unconditioned 
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Table A30: Thermal loads and total system energy Banksia house combined changes current climate 

 
 

 


