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Abstract. Since Australia’s acknowledgement of climate change and 
its need to reduce greenhouse gas emitting activities, the national con-
struction regulations have included residential thermal performance 
requirements. The improvement from no thermal performance regula-
tion to the 5 Star minimum requirements could be met by increasing 
levels of floor, wall and ceiling insulation and improved glazing. 
However, the improvements required to achieve 6 Stars or more, may 
require the careful consideration of the type and placement of thermal 
capacitance. Traditionally, the materials selected to provide thermal 
capacitance include clay brick and concrete-based products. However, 
these are massive materials and have a relatively high embodied ener-
gy. The use of mass-timber products within the built fabric may pro-
vide improved thermal performance for a relatively small increase in 
embodied energy but also may significantly improve long-term carbon 
sequestration. This paper tests this hypothesis. House energy rating 
simulations were completed for 28 house plans located within two 
Australian climates. A comparative analysis of simulated heating and 
cooling requirements, embodied energy and carbon sequestration ex-
amined the relative differences between the clay brick, concrete and 
mass-timber variations. In most cases the mass-timber systems pro-
vided improved thermal performance, minor increases to embodied 
energy and significant increases in carbon sequestration.    
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1. Introduction  

Since Australia’s acknowledgement of anthropogenic climate change and the 

need to reduce greenhouse gas emitting activities, the national construction 

regulations (BCA and NCC) have included residential thermal performance 
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requirements. Since 2003, these regulations have increased the minimum re-

quirement from 4 Stars to 6 Stars (ABCB 2004; ABCB 2010). Eventually, 

the level of thermal performance may require a zero energy requirement, in 

line with the aspirations of other developed nations (Pitt_&_Sherry 2010).  

The improvement from no thermal performance regulation to the 5 Star 

minimum requirements can, in most cases, be met by increasing levels of 

floor, wall and ceiling insulation, improving glazing selection and reducing 

house infiltration losses (Dewsbury 2012). However, for many parts of Aus-

tralia the improvements required to achieve 6 Stars or more, may require the 

careful consideration of the type and placement of construction materials 

that provide thermal capacitance (Slee and Hyde 2011).  

Traditionally, the materials selected to provide additional thermal capaci-

tance include clay brick, cement and concrete based products (Gereenland 

1985; Gnauk 1985). However, they have a relatively high embodied energy. 

Their significant mass requires the structure of the building to be increased 

to carry additional load, thereby further increasing the quantity of building 

materials and their relative embodied energy. If the current palette of mas-

sive and relatively high embodied energy materials is used in greater quanti-

ties, the amount of carbon emissions required to build the home will in-

crease. Consequently, if lower embodied energy lightweight timber systems 

are to be used, additional thermal capacitance must be added in some other 

form.  

Recent improvements to Australian house energy rating programs have 

included the capacity to account for the embodied energy and carbon storage 

within the designed building fabric of homes (Chen 2010). Previous re-

search, using these tools has focused on the comparison between traditional 

homes, with limited thermal capacitance, constructed from timber and brick-

veneer systems. It was demonstrated that the possible carbon storage of a 

timber-clad and floored home was 10% to 17% greater than that of a brick 

clad concrete floored home (Carre 2011). This very simple assessment high-

lights the significant differences that may occur in the embodied energy and 

carbon storage properties of Australian residential construction. If mass-

timber elements were used in new or existing homes to increase thermal ca-

pacitance, the respective quantity of carbon storage would increase signifi-

cantly (Dewsbury, Geard et al. 2012). Additionally, timber products, used 

extensively in most Australian houses, have a high specific heat value indi-

cating their suitability for use as thermal capacitance. The development of 

mass-timber products is a new paradigm in material and building science re-

search in Australia, requiring the accounting for carbon emissions, carbon 

sequestration, material embodied energy and material thermal properties for 

this renewable resource. 
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Preliminary desktop research in 2012 assessed the relative effectiveness 

of mass-timber products as thermal mass in residential construction. That re-

search focused on a small group of ten architect and building designer de-

signed houses. It showed significant benefits in improved thermal perfor-

mance, reduced embodied energy and increased carbon sequestration 

compared to other common forms of thermal mass (Dewsbury, Geard et al. 

2012). This paper focuses on the results from further testing of this hypothe-

sis using a larger group of home designs. House energy rating simulations 

were completed for 28 house designs located within two Australian climates. 

The climates chosen were BCA climates 7 and 6 for Launceston and Mel-

bourne respectively (ABCB 2010). The simulations compared the use of 

seven internal partition wall types to provide thermal capacitance, namely:  

 90mm timber framed walls with 10mm plasterboard lining both sides (W1), 

 90mm cement block walls with 10mm plasterboard lining both sides (W2), 

 90mm softwood mass-timber walls with plasterboard lining both sides (W3), 

 90mm hardwood mass-timber walls with plasterboard lining both sides (W4), 

 110 clay brick walls (W5), 

 110 unlined softwood mass-timber walls (W6), and 

 110 unlined hardwood mass-timber walls (W7).  

A comparative analysis of simulated heating and cooling requirements, 

embodied energy and carbon sequestration assessed the relative differences 

between mass-timber and the other partition wall construction systems.  

2. House Selection  

The previous desktop research, mentioned above, modelled the improved 

thermal performance of ten houses selected by the researcher. This research 

has assessed designs provided by a government agency. These house designs 

were used to inform the agency’s building thermal performance guidelines. 

The houses were designed by a mix of builders, volume builders and build-

ing designers. The orientation of the houses, as set out on the original plans 

submitted to the local authority, has been used in all cases, though a rotation 

of the plan would have significantly improved their thermal performance. 

However, as previously acknowledged, many developers do not adopt an op-

timal orientation for their designs (Nolan and Dewsbury 2007). The houses 

are described in Table 1.  
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 Table 1: Key Properties of Simulated Houses 

Aspect Property 

Ground Floor System 19 x concrete slab-on-ground 

8 x platform floored (2 x unenclosed, 6 x enclosed) 

1 mixed platform and concrete slab-on-ground floored  

External Cladding 16 x brick veneer 

2 x mud-brick 

5 x compressed cement sheet & brick veneer 

3 x weatherboard and brick veneer 

2 x sheet-metal 

Storeys 16 x single storey and 12 x two storey 

Floor Area 108m2 to 321m2 (average 216m2) 

Conditioned Floor Area 84m2 to 263m2 (average 176m2) 

Number of Bedrooms 4 x 2 bedroom, 4 x 3 bedroom, 20 x 4 bedroom 

3. Building Thermal Simulations 

The AccuRate Sustainability software (V2.0.2.13 SP1) was used to perform 

the building simulations. The simulations completed included a thermal sim-

ulation and a building fabric simulation. The building fabric simulation pro-

vided embodied energy and carbon sequestration values.  Additionally, to 

remove some design anomalies, specific elements of the built fabric, (mixed 

levels of wall and ceiling insulation and glazing systems) were modified for 

all houses, namely:  

 Ceiling insulation to R4.0 

 Wall insulation to R2.5 

 Windows to aluminium framed clear double-glazed.   

The internal partition walls of most Australian houses comprise plaster-

board sheeting affixed to a timber frame. To add thermal capacitance to a 

home, the partition walls are often modified to include concrete block or clay 

brick construction. To provide a finish that most homeowners accept, the 

90mm thick concrete block walls are often over-sheeted with plasterboard or 

rendered. However, when 110mm wide clay bricks are used, the wall is often 

left in a raw state. In this research this same principle was applied where:  

 90mm mass-timber walls were over-sheeted with 10mm plasterboard, and  

 110mm mass timber walls were left in a raw state.  

The results for simulations using the Launceston climate data are shown 

in Table 2. Generally, there is an improved thermal performance when the 

partition walls include thermal mass, of up to 13%. However there are some 
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simulations where the addition of the mass has had up to a 13% negative ef-

fect. A summary of variations in results for Launceston is shown in Table 3. 

Table 2: Results from Launceston Case Study House Thermal Simulations 

House Simulation Results (mj/m2.annum) 

 W1 W2 W3 W4 W5 W6 W7 

House 1 218.9 223.0 210.7 213.9 226.9 209.8 214.3 

House 2 163.7 168.8 162.8 164.4 171.1 162.3 164.2 

House 3 198.9 188.1 176.8 178.9 189.5 176.1 179.0 

House 4 185.2 189.5 181.9 183.7 192.4 181.2 184.4 

House 5 192.7 198.6 192.0 193.6 202.5 193.9 194.3 

House 6 183.6 188.6 172.8 176.5 192.8 171.5 176.7 

House 7 167.8 151.0 152.2 152.2 162.2 150.3 152.1 

House 8 176.3 173.8 158.0 161.2 178.7 157.2 160.9 

House 9 175.8 165.2 177.0 164.3 165.6 165.1 164.1 

House 10 172.3 151.2 165.1 164.1 163.0 165.1 165.1 

House 11 163.2 154.1 154.0 152.9 154.7 153.7 152.7 

House 12 177.2 165.7 156.2 157.1 168.4 155.7 156.8 

House 13 136.2 135.7 130.3 131.5 137.1 130.0 131.4 

House 14 151.7 153.1 146.5 146.5 155.0 145.8 146.4 

House 15 114.9 115.8 109.8 110.9 117.2 109.1 110.9 

House 16 198.3 193.5 186.6 188.5 192.5 185.8 188.3 

House 17 157.5 155.3 148.6 149.9 157.8 148.2 149.9 

House 18 149.8 158.2 145.8 148.3 161.6 144.6 147.9 

House 19 149.1 160.9 146.5 150.1 164.6 145.5 150.2 

House 20 143.8 137.4 131.2 132.3 139.0 130.5 132.2 

House 21 150.7 166.3 150.7 154.4 170.0 149.8 154.5 

House 22 189.8 192.8 176.7 179.4 198.4 175.2 179.3 

House 23 202.0 187.2 181.3 180.6 180.1 181.5 180.1 

House 24 202.4 198.7 187.0 189.8 202.3 186.1 189.8 

House 25 175.6 172.7 195.7 167.4 175.2 164.9 175.2 

House 26 193.8 197.5 188.6 191.2 199.6 187.5 191.6 

House 27 155.2 159.2 144.5 147 163.7 143.4 146.9 

House 28 170.1 148.8 153.6 151.4 150.3 153.1 153.1 

 

However, when house types with the greatest variation are removed there 

is a general thermal improvement of approximately 5% in most cases. How-

ever, the houses with these greater variations will require further analysis. A 

worthwhile question concerns the relative average improvements to thermal 
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performance of traditional mass walls compared to mass-timber walls. In the 

case of the 90mm concrete block, 90mm softwood and 90mm hardwood, the 

average improvements above the standard sheet plastered timber framed wall 

(W1) are 1%, 5% and 5% respectively, indicating that the plasterboard over-

sheeted softwood and hardwood mass-timber walls generally provide a bet-

ter thermal performance result than the plasterboard over-sheeted concrete 

block walls. This pattern is also exhibited in the 110mm wall systems, where 

the 110mm clay brick walls have a +1% improvement, whilst the 110 soft-

wood and hardwood mass-timber walls have a +6% and +5% improvement 

respectively. These simulation results for Launceston reveal a theoretical 

benefit in selecting mass timber for thermal mass instead of concrete block 

or clay bricks.  

Table 3: Variations in Simulated Thermal Performance (Launceston) 

 Min Improvement Max. Improvement Ave. Improvement 

W2 Compared to W1  -10% +13% +1% 

W3 Compared to W1 -11% +12% +5% 

W4 Compared to W1 -2% +11% +5% 

W5 Compared to W1 -13% +12% +1% 

W6 Compared to W1 -1% +12% +6% 

W7 Compared to W1 -3% +12% +5% 

 

A second series of simulations using the climate data for suburban Mel-

bourne was also undertaken. A summary of variations in results for suburban 

Melbourne is shown in Table 4. In all cases there is a general increase in the 

thermal performance resulting from the use of thermal mass in the partition 

walls for each house. Whereas in the Launceston simulation results the max-

imum benefits were approximately 12%, in the suburban Melbourne simula-

tions the maximum benefit was as high as 17%. Additionally, the minimum 

benefits increased from -13% to +2%. When the 90mm concrete block, 

90mm softwood and 90mm hardwood are compared, the average improve-

ments are 5%, 9% and 9% respectively, indicating that the plasterboard over-

sheeted softwood and hardwood mass-timber walls generally provide a bet-

ter thermal performance result than the plasterboard over-sheeted concrete 

block walls. This pattern is further shown in the 110mm wall systems, where 

the 1100mm clay brick walls have a +4% improvement, whilst the 110 soft-

wood and hardwood mass-timber walls have a +9% and +9% improvement 

respectively. These simulation results for suburban Melbourne reveal a theo-

retical benefit in selecting mass-timber for thermal mass instead of concrete 

block or clay bricks. 
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Table 4: Variations in Simulated Thermal Performance (Melbourne) 

 Min Improvement Max. Improvement Ave. Improvement 

W2 Compared to W1  -1% +13% +5% 

W3 Compared to W1 +2% +17% +9% 

W4 Compared to W1 +2% +17% +9% 

W5 Compared to W1 -1% +12% +4% 

W6 Compared to W1 +2% +17% +9% 

W7 Compared to W1 +2% +17% +9% 

4. Building Embodied Energy Simulations 

The embodied energy calculator included in recent upgrades to the AccuRate 

software was used to calculate the embodied energy of the construction vari-

ations. While adding thermal mass may reduce the simulated energy to heat 

or cool a house, it may also increase its embodied energy. 

A summary of the calculated embodied energy for the 28 house designs is shown in  

 

Table 5. For the base level (W1) house plans there are significant differ-

ences in the relative embodied energy of the built fabric, which is not always 

related to the floor area of each design. However, the variations in embodied 

energy relative to the different partition wall systems show that:  

 All 6 partition wall systems which add thermal mass, (W2 to W7), increased 

the embodied energy within their house plans relative to the low-mass parti-

tion wall system (W1). 

 The 90mm hardwood (W4) and 110mm hardwood (W7) mass-timber wall 

systems record the highest values for embodied energy, which would relate to 

the longer kiln drying process and material recovery rates, and 

 The 90mm softwood (W3) and 110mm softwood (W6) mass-timber wall sys-

tems record the lowest values for increased embodied energy compared to the 

concrete block (W2), clay brick (W5) and hardwood mass-timber (W4 & 

W7) walling systems.  

The relative difference between the no-mass wall (W1) and the mass 

walls (W2 to W7) is between 9% and 19% as shown in Table 6. This analy-

sis shows a 9% average additional increase for the 90mm hardwood system 

(W4) and a 5%-10% increase for the 110mm system when compared to the 

90mm softwood system. This embodied energy value for the hardwood sys-

tem may be high and this would warrant further investigation.   
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Table 5: Summary of Embodied Energy Calculations (Embodied CO2 - e Emissions/kg) 

 Minimum Maximum Average 

W1 16921 28124 36011 

W2  19284 63910 39472 

W3  19044 63199 39547 

W4  20833 68496 42741 

W5  19616 65510 40766 

W6  18633 62603 39084 

W7  20833 69078 42833 

Table 6: Variations in Embodied Energy Calculations (Embodied CO2 - e Emissions/kg) 

 Min Increase Max. Increase Ave. Increase 

W2 Compared to W1  -1% +16% +10% 

W3 Compared to W1 +3% +21% +10% 

W4 Compared to W1 +7% +27% +19% 

W5 Compared to W1 -5% +27% +14% 

W6 Compared to W1 +3% +20% +9% 

W7 Compared to W1 +5% +27% +19% 

5. Carbon Sequestration Simulations 

Finally, the software was used to calculate the values of carbon sequestration 

for each of the 28 house plans relative to the seven partition walling systems. 

In contrast to the embodied energy results discussed above, the carbon se-

questration values achieved from using a hardwood product (W4 & W7) are 

significant (as shown in Table 7). Table 8 shows the significant reduction in 

carbon sequestration for the concrete block (W2) and clay brick (W5) with a 

+9% and -20% average variation respectively. Conversely, the use of mass-

timber systems increases the average carbon sequestration by between 187% 

and 306% with the higher values of 259% and 306% resulting from the 

hardwood system.  

Table 7: Summary of Carbon Sequestration Calculations (eCO2 - e Stored in Timber) 

 Minimum Maximum Average 

W1 1503 27948 10605 

W2  239 25561 10076 

W3  11134 51517 25701 
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W4  16408 59483 31497 

W5  239 25561 8989 

W6  15644 54368 28731 

W7  15644 64104 34914 

Table 8: Variations in Carbon Sequestration Calculations (eCO2 - e Stored in Timber) 

 Min Increase Max. Increase Ave. Increase 

W2 Compared to W1  -84% +0% -9% 

W3 Compared to W1 +12% +867% +187% 

W4 Compared to W1 +75% +1188% +259% 

W5 Compared to W1 -84% 0% -20% 

W6 Compared to W1 +68% +1078% +227% 

W7 Compared to W1 +92% +1471% +306% 

6. Conclusion 

An earlier paper (Dewsbury, Geard et al. 2012), assessing house designs 

with a strong passive solar disposition, documented a significant benefit for 

the use of mass partition wall systems. This research, focussing on house de-

signs with limited or no solar passive dispositions confirms an improvement 

when partition wall systems made from mass-timber are used. An average 

thermal performance improvement of between 1% and 6% for houses in the 

Launceston climate and between 4% and 9% for houses in the suburban 

Melbourne climate was shown. In both cases this was a better thermal per-

formance result than the traditional concrete block or clay brick walling sys-

tems. The embodied energy assessment illustrates the significant benefit for 

softwood systems and offers a cautionary note for hardwood systems. Final-

ly, the carbon sequestration calculations showed a reduction in stored carbon 

for the concrete block and clay brick systems but a significant increase in 

carbon sequestration for the mass-timber systems, (of between 187% and 

306%). The hardwood systems showed approximately a 150% higher value 

in carbon sequestration when compared to the softwood systems.  

Although this analysis is based on a large sample of house designs, many 

more simulations of house designs and the type and placement of mass-

timber as thermal mass should be undertaken. The future analysis should in-

clude mass-timber as floors and internal linings to external walls. Addition-

ally, an analysis of recovery rates and material processing should be under-

taken for mass timber-walling systems to verify the embodied energy values. 

If the embodied energy values for the softwood and hardwood systems re-

main similar, an evaluation of the relative impact of operational heating and 
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cooling energy, embodied energy and carbon sequestration must be under-

taken to establish the relative benefits of a softwood or hardwood mass-

timber walling system in life cycle energy and cost of construction terms.  

Finally, this research has focused on the results from a computer based 

simulation program. Empirical research must be undertaken to test and con-

firm that the thermal performance assumptions within the building simula-

tion program are correct.   
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