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ABSTRACT: To minimise the energy needed to heat and/or cool houses, the Building 
Code of Australia (BCA) requires that new houses meet a minimum level of thermal 
performance. A star rating system is used to indicate the level of thermal performance a 
house achieves. Ratings range from 0-10 stars. Theoretically, the more stars, the less 
energy is required for space heating and/or cooling. Currently, most states and territories 
in Australia require a minimum 5 star performance. However, a 7-8 star rating will be 
necessary for the thermal performance of Australian housing to be comparable to that of 
housing in many other developed nations. 

This paper examines the capital cost and design implications of significantly improving 
the thermal performance of brick veneer houses in a cool temperate climate. The results 
show that the cost of achieving a certain level of thermal performance varies significantly 
depending on the methods and materials used, although improvements in thermal 
performance can be made for little or no cost.  

 

INTRODUCTION 

The building sector is a large consumer of energy and a significant contributor to greenhouse gas emissions 
worldwide. For the average Australian home, energy used for heating and/or cooling (space-conditioning) accounts 
for 39% of its total energy use and about 20% of its total greenhouse gas emissions (DEH, 2008). In Tasmania, 
which has a cool-temperate climate, about 50% of household energy consumption is for space conditioning. To 
reduce space-conditioning energy consumption, all new Australian housing has been required to meet a minimum 
level of thermal performance in the past decade.  In July 2003 most states and territories adopted thermal 
performance regulations in the Building Code of Australia (BCA), which required a minimum rating of 3.5- 4 stars for 
new houses. In 2006, the minimum rating was increased to 5 stars in most states and territories. At a recent Council 
of Australian Governments (COAG) meeting it was agreed that the minimum thermal performance standard for all 
new Australian housing should be increased to 6 stars by 2011. While individual states and territories will not 
increase minimum requirements concurrently, it is reasonable to expect that by 2020, some, if not all of them, will 
require at least a 7 star rating for new housing.   

It has been reported that building energy efficient houses that provide large cuts in greenhouse gas emissions are not 
cost prohibitive (Menon & Porteus 2008, Urge-Vorsatz & Novika 2008). Reducing the heating and cooling demand of 
buildings, by installing insulation for example, is recognized as one of the most cost effective methods (Commission 
of European Communities, 2006).  However, the cost of energy efficient houses is influenced by a number of factors. 
These include the house type and size, prevailing climate, the nature of the site, the level of energy efficiency that is 
being sought, and whether all household energy or just energy for space conditioning is being addressed. Before 
meaningful conclusions about the costs of energy efficiency can be made, the questions “energy efficient compared 
to what?” and “cost compared to what?” need to be addressed. 

Previous studies have been undertaken to quantify the potential effect of modest thermal performance standards on 
the capital cost of housing. Prior to the introduction of 4 star standard, a study by the consultants Energy Efficient 
Strategies (2002) involving a large sample of various house types showed that 4 and 5 star ratings increased the cost 
of a $170,000 new home by an average of 1.0 % and 1.9% respectively. Additionally, the consultants Energy 
Partners (2006) showed that improving the rating of timber floor houses, from 4 to 5 stars, could be achieved cost 
effectively in a range of Australian climates.  For both studies, however, the number of thermal simulations was 
limited and neither looked at a specific house type. 

Despite these reports and studies, concerns remain about the implications of thermal performance standards on 
housing affordability. In Tasmania, resistance to the planned introduction of a minimum 5 star level of thermal 
performance in 2010 is largely based on arguments about cost. There are also concerns that higher levels of thermal 
performance will favour some materials and methods over others (ABC 2006).  In regards to the proposed national 6 
star standard, the Master Builders Association (MBA) of Victoria claimed that this will add $10,000 to the cost of a 
new house making it “one of the most significant blows to housing affordability in the past decade" (ABC 2009). It is 
unclear how the figure of $10,000 was determined and if this is applicable to all house types. In many cases 
perceived costs are often based on anecdotes on ways to improve thermal performance, which are not necessarily 
the lowest cost methods (Vaidya, 2009).  
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Irrespective of whether or not the MBA and Housing Industry Association (HIA) have overstated the effect thermal 
performance regulations will have on housing affordability, it is understandable that there is a reluctance to embrace 
new thermal performance standards. Building thermally efficient houses is the exception, not the rule, therefore 
relatively little is known about the methods and materials required to do so. Incremental increases in standards over 
time could mean building methods that have been used successfully for years will have to change.  Lovell (2005) 
notes that certain norms and market patterns are embedded in the building industry making change difficult to 
implement.  Therefore objections to higher thermal performance standards may have more to do with a reluctance to 
change the status quo than concern about prohibitive costs. In the UK, it has been shown that traditional building 
methods and techniques will have to radically change if houses are to have a space heating requirement of no more 
than 15kwh/m2, the German PassivHaus standard, as well as remain affordable (Menon & Porteus 2008).  

The aim of this paper is to determine the implications on capital cost and construction techniques of incremental 
increases in housing thermal performance standards in a cool-temperate climate. This will be accomplished by 
means of a case study that will demonstrate various building fabric changes intended to improve the thermal 
performance of houses.   

1. THE CASE STUDY 

The case study involves two brick veneer houses built in Kingston, Tasmania, in 2007. The houses have identical 
floor plans and orientation with one having a suspended timber floor and the other a concrete slab floor constructed 
on fill material. They have been constructed adjacent to each other on a sloping site as part of a small residential 
development.  

As built, the timber floor and concrete floor houses have 4 and 5 star ratings, respectively. However, for the purposes 
of this study, the houses were assumed to have identical building fabric above floor level, hence both are rated 4 
stars.  (see Figure 1). Therefore the study uses a 4 star timber floor and a 4 star slab-on-ground as reference houses.   

 

Reference house details 

Brick veneer 

Size: 110m2 

Roof: Dark Colorbond and 
reflective sarking 

Ceiling: R 3.5 Fibre Glass Batts 

14 Down lights: non-vented 

External walls: Brick veneer 
(90mm clay brick, 35 mm cavity, 
90mm studs, 10mm 
plasterboard) 

External wall wrap: non 
reflective, taped and sealed 

External wall insulation: R 1.5 
Fibre Glass Batts 

Internal wall to Garage: 90mm 
stud and R 1.5 Fibre Glass Batts 

Windows and sliding doors: 
Aluminium framed, single glazed 

Floor covering: carpet and 
underlay, tiles in wet areas 

 

Figure 1 – Floor plan and building fabric of reference houses 

Using AcccuRate, a thermal performance software called up in the Building Code of Australia, a sequence of 
changes to the building fabric were made to improve the reference houses’ star ratings.  For each star band rating, 
from 4 to 8 stars, approximately 20 different designs i.e. combinations of changes in building fabric, were modelled.  
Codes were assigned to each change in specific building fabric elements as described in Table 1. 
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Table 1 –Changes in the reference house building fabric aimed at achieving 5-7 star ratings 

Code  Description of change Code  Description of change 

W1 Reduce windows in liv/dining and bedrooms to 
20% of wall area (approx 50% area reduction) 

R8 Floor insulation R1.5 

W2 Bedroom 1 (window 1.6m2), Bedroom 2 
(window 1.44m2), Livingroom south window 
(1m2)  

R9 Wall insulation 6.0, ceiling insulation R8.0 

W3 Double glaze living/dining windows  R10 Floor insulation R3.0, wall insulation R4.0, 
ceiling insulation R5.0 

W4 Double glaze living/dining and bedrooms 
windows 

S1 Square up north end of house 

R1 Floor insulation R3.0, wall insulation R2.5, 
Ceiling insulation R5.0  

T1 Tiles in lieu of carpet 

R2 Floor insulation R6.0, wall insulation R6.0, 
ceiling insulation R8.0  

L1 Take out downlights, make walls darker 

R3 Floor insulation R3.0, wall insulation R6.0, 
ceiling insulation R8.0  

C1 Slab with R1.0 under insulation, wall insulation 
R2.5, ceiling insulation 5.0 

R4 Floor insulation R10, wall insulation R10, ceiling 
insulation R12 

C2 Slab with R1.0 under insulation , wall insulation 
R6.0, ceiling insulation R8.0 

R5 Floor insulation R5.0, wall insulation R6.0 ceiling 
insulation R8 

C3 150mm slab with R3.0 under insulation, wall 
insulation R2.5, ceiling insulation R5.0 

R6 Wall insulation R2.5 C4 Slab with R2.0 under insulation, wall insulation 
R6.0,  ceiling insulation R8.0 

R7 Wall insulation R2.5,Ceiling insulation R5.0    

 

The following summarizes the changes made to the building fabric and practicalities that needed to be considered.   

Windows 
Single and double-glazed aluminium frames, and double-glazed timber frames, were used. Except for one case (W2, 
see Table 1), the minimum area of glazing in any wall was limited to 20% of wall area. The use of this ratio as a lower 
limit is based on research (Ghisi & Tinker 2004) which showed that for rooms no deeper than 8m, window areas can 
be reduced to this size without compromising views. For the reference houses this ratio exceeds the BCA minimum 
glazing requirement for daylighting. No designs used windows larger than the reference houses because there was 
no thermal performance benefit in doing so.  

Orientation 
The orientation of the reference houses was not changed.  It is recognized that any improvement in star rating that 
resulted from design changes is likely to vary with changes in orientation.  

Insulation  
The practicalities of using high levels of roof, ceiling and wall insulation needed to be considered.  

To accommodate thicker ceiling insulation, roof trusses would have to be stepped up above external walls. This is 
easily achieved and was assumed to have a negligible effect on the cost of trusses.  

Where wall insulation exceeded R2.5, 150mm x 50mm wall studs were used to accommodate R4.0 insulation.  For 
insulation levels higher than R4.0, R4.0 batts were installed within the 150mm x 50mm studs and polystyrene was 
fixed to the outside face of the stud wall. This required longer wall ties. Increasing the total thickness of brick veneer 
external walls would result in larger internal reveals around windows and doors; however, the extra plastering 
required has not been costed.      

For the suspended timber floor 90mm x 35mm joists were used in the houses.  R2.5 rock wool batts fit between these 
joists. For R3.0- R10 floor insulation, extruded polystyrene insulation was used.  The practice of installing insulation 
beneath suspended floors is not widespread in Australia and there is no universally accepted method. Where 
insulation was installed between floor joists, it was assumed that wire mesh was fixed between the top of bearers 
before laying the floor joists. The mesh supports insulation that is placed between the joists prior to fixing of the 
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platform floor. Where polystyrene was used, it was assumed that it was fixed to the underside of joists from below 
floor level and that there was enough space for this to be undertaken. In cases where the subfloor space is too 
confined alternative methods would need to be considered.  

Lights and external wall colour 
Downlights were removed and replaced with lights that did not penetrate the roof space. External wall colour was 
changed from light to dark.  

Floor Plan 
The floor plan is one of the developer’s standard designs. Only one change was made; keeping the floor area the 
same, the north facing living/dining room was squared to improve solar access. With this change an external wall and 
the sliding door were also removed.  

Floor coverings 
For some designs, dark tiles were used in the slab house instead of carpet to optimize thermal mass.  

Costs 
Materials quantities and costs of the reference houses were obtained from a Quantity Surveyor. For changes that 
involved methods and materials not used in the reference houses, costs have been obtained either from Rawlinsons 
Cost Guide (2008) or from local builders familiar with the techniques described above.  

2. RESULTS AND DISCUSSION 

Figure 2 shows a plot of the star band achieved by various changes aimed at improving the thermal performance of 
the 4 star reference houses and the costs entailed. The plot does not differentiate between the floor types and the 
cost of improvement is relative to the cost of the 4 star timber reference house on the sloping site. The cost of 
thermal performance improvements in the slab-on-ground house includes the additional cost of building it on the 
sloping site compared to a timber floor house (approximately $4,700). The results show while there is no correlation 
between cost and improved thermal performance for the 4-5 and 5-6 star bands, a positive correlation exists for the 
6-7 and 7-8 star bands. The plot also shows that 4-5, 5-6, 6-7 star ratings for both slab-on-ground and timber floor 
houses can be achieved for less cost than the 4 star timber floor reference house. 

 

 
Figure 2- Increase in cost vs thermal performance (4-8 stars) 

 

5-6 Star Designs 

Figure 3 shows the cost of achieving 5-6 star ratings, differentiating the timber floor and slab-on-ground designs. 
Table 2 shows all designs resulting from various combinations of changes and their respective cost for 5-6 star 
designs. In this case, costs have been adjusted to account for the cost difference of building a timber floor and 
concrete floor house on the sloping site. Therefore, the costs of improvement for a timber floor house are relative to a 
4 star timber house on flat ground and the costs of improvement for the concrete floor house are relative to a 4 star 
concrete floor house on flat ground. This allows a meaningful comparison of thermal performance improvements for 
the two floor types to be made. The construction cost of both the 4 star slab-on-ground and 4 star timber floor house 
4 star reference house is approximately $150,000.  
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Figure 3 – Increase in cost vs thermal performance (5-6 stars) 
 

For both floor types, 5-6 star ratings were achieved for less cost than a 4 star house. This was made possible by 
reducing the glazing area which more than offsets the additional cost of any extra insulation. None of the low-cost 
designs used double-glazing.  

Figure 3 shows that there is a considerable difference in cost between some designs that achieve the same level of 
thermal performance. For example, the timber floor design (5.9, $76) and the slab-on-ground design (5.9, $29) both 
achieve 5.9 stars, however, the slab-on-ground design is $4,700 cheaper. While the glazing areas and window type, 
and the levels of wall and ceiling insulation for the two designs are the same, the timber floor requires more floor 
insulation. This accounts for the cost disparity. All else being equal, the slab on ground design without slab insulation 
has an approximately 0.5 higher star rating than the timber floor design without floor insulation.  

The average cost of slab-on-ground designs is lower than the average cost of timber floor designs within this star 
band (see Table 4). However there are timber floor designs that cost less than slab-on-ground designs of the same 
star rating. For example, the timber floor design (5.7, -$8.5) is approximately $3,500 cheaper than the concrete floor 
design (5.7, $27.02) of the same star rating. This low cost timber floor design has been achieved by reducing the size 
of bedroom windows, squaring the north end, and adding R1.5 floor insulation.  Also, the external wall colour has 
been changed from light to dark and the downlights have been removed (L1, table 1). Adding L1 to this design 
improved its star rating by 0.6 stars.  At no cost, this is the most cost effective thermal performance improvement that 
can be made without changing the building fabric. Thermal simulations of all designs showed that L1 would provide 
between a 0.5-0.7 increase in star rating to each one, greatly increasing the cost effectiveness of their respective 
thermal performance improvements. The result would be that approximately 50% of the 5-6 star designs would 
become 6-7 star designs, and approximately 50% of the 6-7 designs would become 7-8 designs, for no extra cost.  

For design (5.2, -$16.41), if the living and dining room windows had been double-glazed instead of the window areas 
being reduced, a 5 star rating would have been achieved. Therefore reducing single-glazed windows to a size that 
does not compromise view or natural light provides better thermal performance and is considerably cheaper than 
double-glazing. If the living and dining room windows of design (5.4, $16) were double-glazed instead of reducing the 
size of the bedroom windows and one south facing living room window, the same star rating would have been 
achieved. This demonstrates the trade-off in the size of singe-glazed windows needed to achieve the same thermal 
performance as double-glazed windows.   
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Table 2 – Cost of thermal performance improvements from 4 stars to 5-6 stars 

Design 

(Star Rating, Cost) 

Changes in building 
fabric 

Design 

(Star Rating, Cost) 

Changes in building 
fabric 

5.0, $76 (W2) (R2) 5.4, $16  (W2) (R1) 

5.1, -$20 (W1) (R6) 5.4, $23 (S1) (C3) 

5.2, $28  (S1) (C3) 5.5, $14 (S1) (C3) and leave one 
north window  

5.2, $29 (C3) 5.6, $126.50  (R4) 

5.2, -$16 (W1) (R7) 5.7, $9 (S1) (W1) (C3) 

5.2, -$19  (W1) (R8) 5.7, -$9 (S1) (L1) (R8) reduce 
bedroom windows to 1.2 x 
1.2 

5.4, $18  (W2) (R9) 5.7, -$6 (W1) (C1) 

5.4, $74 (R2) 5.7, $27  (W2) (W3) (R7) 

5.4, -$22  (S1) (W1), (R8) 5.8, $1.78 (W1) (R1) 

5.4, $23  (S1) (R1) 5.9, $76 (W2) (R2) 

  5.9, $29  (W2) (C2) 

 

Changes that include reducing glazing area are the most cost-effective in achieving 5-6 star ratings. A near 6 star 
rating can be achieved for the timber and concrete floor houses without double-glazing if the glazing area is reduced.  
If the window area and type (single, clear glass and aluminium frames) are unchanged, relatively high levels of 
insulation are needed to achieve higher star ratings within this star band. Depending on the levels of insulation, stud 
wall sizes may need to be increased and the roof truss modified.  

The results are not shown in figures 2 or 3; however, thermal simulations of the 4 star timber floor reference house 
showed that installing R3.0 floor insulation increased its star rating to 4.7, for an additional cost of $2,109. On the 
other hand, double-glazing the living/dining and bedroom windows of the 4 star timber floor reference house 
increased its star rating to 4.3 stars, for an additional cost of $5,837. Insulating timber floors is a cost effective first 
measure in improving the thermal performance the 4 star house. The potential of other improvements is not realised 
until the floor is insulated.  

6-7 Star Designs 

Figure 4 shows the cost of achieving 6-7 star ratings for timber and slab-on-ground houses. Table 3 shows all design 
changes resulting from a combination of changes and their respective costs to achieve 6-7 star ratings.   

 

Figure 4 – Increase in cost vs thermal performance (6-7 stars) 
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Table 3 – Cost of thermal performance improvements from 4 stars to 6-7 stars 

Design  

(Star Rating, Cost) 

Changes in Building 
Fabric 

Design  

(Star Rating, Cost) 

Changes in Building 
Fabric 

6.0, -$1  (S1) (R1) 6.7, $93 (W2) (R2) (W3) 

6.1, $53 (W2) (R1) (W3) 6.7, $73 (W2) (W4)(C2) 

6.2, $63 (W2) (R1) (W4) 6.7, $54 (S1) (W1) (R2) 

6.2, $38 (W2) (W3) (C1) 6.8, $51 (W2) (W4) (C3) (T1) 

6.3, $69 (W2) (W4) (R10) 6.8, $142 (W2) (R2) (W4) 

6.3, $43 (W2) (W4)(C1) 6.9, $73 (W2) (W4)(C4).  

6.5, $93 (W2) (W4)(R3).  6.9, $121 (W2) (W4) (R3). Timber 
windows 

6.6, $111 (W2) W4)(R3) (T1), with 
edge insulation 

6.9, $133.64  (W2) (W4) (R1) 
200mmslab  (T1) 

6.6, $63  (W2) (W3) (C2) 6.9, $145  (W2) (W4)  (C4) (T1), 
(smaller n windows) 

6.7, $103  (W2) (W4) (R5).  6.9, $166  (W2) (R4) (W4) 

 

In Table 3, it can be observed that there is a considerable difference in cost between some designs that achieve the 
same or similar level of thermal performance. The slab-on-ground design (6.3, $43) and the timber floor design (6.3, 
$69) have the same glazing area and the same windows are double-glazed. The cost difference between the two 
designs is attributable to the higher levels of insulation needed for the timber floor house to achieve the same star 
rating. The difference in insulation levels is also the reason for the difference in cost between slab-on-ground design 
(6.8, $51) and the timber floor design (6.8, $142). The difference between the cheapest 6.7 star timber floor design 
(6.7, $54) and the most expensive 6.7 timber floor design (6.7, $103) can be attributed to the difference in glazing 
area and type. The larger glazing area of the design (6.7, $54) needs to be double-glazed to achieve same level of 
thermal performance as design (6.7, $54) making it more expensive.   

The average cost of slab-on-ground designs is lower than the average cost of timber floor designs within the 6-7 star 
band (see Table 4 below).However, there are 6.7 and 6.9 timber floor designs that cost less than slab-on-ground 
designs of the same star rating. For example, the timber floor design (6.7, $54) was achieved by using moderate 
levels of floor, wall and ceiling insulation.  The cost of the insulation was partly offset by reducing the glazing area. By 
contrast, the concrete floor design (6.7, $73) has a larger glazing area, which is double-glazed, but the levels of wall 
and ceiling insulation are considerably lower.  

Obviously, reducing glazing area is a very cost effective way of improving thermal performance. However, if the 
glazing area and type of a design are to remain unchanged, there are combinations of methods and materials that 
are more cost effective than others in improving thermal performance.  For example, there is approximately $2,400 
difference between the timber floor designs (6.8, $145 and 6.9, $121). The designs are the same, except the 6.9 star 
design uses timber rather than aluminium windows, and less floor insulation. In this case, it is therefore cheaper and 
better thermally to change the type of window frame than to increase floor insulation from R3.0 to R6.0. Changing to 
timber windows improved the rating of the design by 0.4 star.   

For a design where its combination of building fabric changes remains otherwise the same, the results show that 
there is a point where adding extra insulation is no longer cost effective. For example, the only difference between 
the timber floor design (6.9, $166) and the timber floor design (6.8, $142) is that the insulation levels of the former are 
significantly higher. Other changes, such as removing down lights or reducing glazing areas, would have provided a 
greater thermal performance improvement at much less cost.  

Optimising the thermal mass of concrete floor designs was considered as potentially providing a low cost option of 
improving thermal performance. To utilize the thermal mass of the slab, design (6.8, $51) has dark tiles in lieu of 
carpet, is insulated and its thickness has been increased. At a significant increase in cost, this change is less cost 
effective than others. However, it may provide a greater thermal performance for houses with different floor plans. 
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Table 4 – Average increase in cost to achieve 5-6 and 6-7 star ratings for timber and concrete floor houses 

 Average cost increase (GST inclusive) 

STAR RATING 4 Star Timber Floor House 4 Star Concrete Floor House Combined 

5-6 stars (average 5.5) $2,600 (1.70%) $1,130 (0.75%) $2,000 (1.30%) 

6-7 stars (average 6.6) $8,900 (6%) $7,800 (5.2%) $8,400 (5.60%) 

(values in parentheses are % increase based on construction cost of $150,000 for 4 star reference houses) 

CONCLUSION 

Thermal performance ratings of 5-6 star houses can be achieved for less cost than a standard designed 4 star house. 
However, achieving a 6-7 star rating, in most cases, is more expensive. Achieving a certain level of thermal 
performance for both timber and concrete floored houses can vary significantly depending on the materials and 
methods used. While timber and concrete floor houses can achieve the same level of thermal performance for a 
similar cost, the methods required to do so differ.  Optimising cost and thermal performance is a process of trial and 
error, involving many thermal simulations. Through this process it became apparent that certain thermal performance 
improvements complement others. That is, the increase in star rating when combining a number of improvements will 
be greater than the aggregate star rating improvement of each change applied individually. This means that to 
achieve a certain level of thermal performance it is usually cheaper to use several methods rather than one. The 
results presented in this paper are part of on-going research. The number of designs is not exhaustive and it is 
probable that the range of low-cost designs could be increased.  

Improving thermal performance involves changes to the building fabric. In this study, apart from a slight modification, 
the floor plan of the reference house was unchanged. It is possible that higher levels of thermal performance than the 
ones presented could be obtained if the floor plan was altered. Previous studies suggest that this can be the case. 
Erlandsson et al (1997) found that the cost of thermal improvements can be reduced by 50% if designing anew rather 
than modifying the building fabric of an existing design. It is also possible that other house types can achieve the 
same levels of thermal performance for less cost than brick veneer houses. Some of the methods and materials used 
are atypical. If higher thermal performance standards are introduced, the use of materials and methods needed to 
meet compliance will become more widespread.  As a result, their cost is likely to decrease over time.  
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