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ABSTRACT: One of the challenges for architectural science in changing climates is to provide 
information on the types of buildings and urban form which are better adapted to a more efficient use of 
energy.  This is particularly relevant when most of this energy is derived from finite supplies of fossil 
fuels.  The energy consumed by residential buildings constitutes a significant portion of the total energy 
used in operation of the built environment and, over the life cycle of dwellings, additional energy is 
expended in the form of the embodied energy of materials used for construction and maintenance. 
 
This paper summarises a project which evaluated both the operational and embodied energy of twelve 
residential areas in Sydney.  It particularly focuses on the techniques of estimating the embodied 
energy of dwellings which included older detached dwellings of modest size from outer suburbs, large 
two storey detached dwellings from wealthy suburbs and high density residential developments located 
in inner suburbs.   
 
The results indicate that the life cycle energy consumption and greenhouse gas emissions of the areas 
comprising two storey houses are significantly larger than those of the inner suburb areas with 
residential units.  However, the life cycle energy consumption of inner suburban areas with apartments 
was higher than that of some areas comprising single storey detached houses.   
 
Conference theme: Building and energy 
Keywords: residential life cycle energy 
 
 

INTRODUCTION 
Climate change resulting from the enhanced greenhouse gas effect coupled with the prospect of increasing costs of 
oil based fuels creates many challenges for the design and operation of urban environments in the future.  There is 
the problem of significantly reducing greenhouse gas emissions of buildings, towns and cities in an attempt to avoid 
excessive global warming effects (Commonwealth Government 2000).  In addition, there is the question of adaptation 
of buildings to adjust to changes in climate and maintain occupant comfort in an energy efficient manner.  Solutions 
to these challenges involve not only building design but also urban form.  The concept of life cycle energy analysis 
becomes important in determining the best urban configurations for overall minimum energy consumption and 
greenhouse gas emissions. 
 
Energy consumed in the construction, operation and maintenance of residential buildings constitutes a significant part 
of the total energy budget of modern urban environments.  To assist those professions involved in making decisions 
about new housing developments, information is required that indicates which dwellings forms have the least life 
cycle energy consumption.  This information must be based on sound research and some work in this area has been 
undertaken (Perkins 2001). Such information will also be of value for the future conversion and upgrading of existing 
residential areas to accommodate more stringent energy efficiency measures. 
 
This paper reports on a recent study comparing the life cycle energy consumption of twelve residential areas in the 
suburbs of Sydney with a particular focus on the embodied energy component.  The methodology was a refinement 
of that developed during a pilot study in late 2001 (Troy at al, 2003) which was based on census collectors districts in 
metropolitan Adelaide.  The twelve areas in Sydney were selected to represent a range of dwelling styles, size and 
location and to cover estates designed and constructed by the New South Wales Government owned Landcom 
corporation and by private developers.  The purpose of the research is to provide information which will contribute to 
the development of more sustainable urban dwelling forms. 
 
1. METHOD  
 
1.1. Case study areas  
Twelve case study areas were chosen and these are listed in Table 1.  The areas which were composed of detached 
houses varied in size, but typically contained 1000 – 2000 houses except for St Clair which contained over 5,800 
houses.  The higher density developments in the Canada Bay council area each contained approximately 300 to 400 
dwellings.  The older houses in the Penrith and Campbelltown council areas were of modest size on large land lots 
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located in the outer suburbs.  More recent developments in the Baulkham Hills and Camden council areas comprised 
of much larger houses with more elaborate external design features particularly in the case study areas of Glenhaven 
and West Pennant Hills.  Case study areas located in the inner suburban council area of Canada Bay are much 
higher density developments and include detached houses, town houses and apartments.  St Clair, St Andrews, 
Glenhaven, Narellen Vale and Kings Bay are all Landcom developments.  Table 1 also shows the average floor 
areas of dwellings in the various case study areas as determined from samples of the limited property records 
available from local government councils.   
 

Table 1: Case study areas and dwelling types 
Case study area Approx. date Council area Dwelling type Average 

floor area 
(m2) 

St Clair  
Cambridge Gardens 

Late 1970s Penrith Mainly single storey detached 
dwellings in outer suburbs. 

167 
181 

St Andrews 
Raby 

Early 1980s Campbelltown Mainly single storey detached 
dwellings in outer suburbs. 

1737 
153 

Glenhaven  
West Pennant Hills 

Late 1980s/ 
early 1990s 

Baulkham Hills One and two storey large detached 
houses.  

313 
333 

Narellan Vale 
Harrington Park 

Late 1990s Camden One and two storey large detached 
houses in outer suburbs. 

201 
237 

Liberty Grove All late 1990s Canada Bay Mainly two storey detached houses. 245 
Cabarita 
 
Kings Bay 
 
Abbotsford 

high density 
developments 
located at 
inner suburbs 

 Two storey detached houses and 
five storey apartments. 
Two to four storey terraced and 
three storey walk-ups. 
Four storey apartment buildings. 

225 
120 
192 
50 
107 

 
The annual operational energy of the case study areas ie the electricity and gas consumption data for 2004 for the 
households was obtained from the relevant energy retailers which were Energy Australia, Integral Energy and AGL.   
 
1.2. Estimation of embodied energy data 
The embodied energy of the main components of the built form in the case study areas was estimated.  This 
comprised of the embodied energy of the ‘as built’ dwellings, periodic maintenance and component replacement, 
roads, water supply, sewer system and storm water system.      
 
1.2.1 Dwellings 
 A new aspect of the methodology for estimating the embodied energy of the detached houses was developed 
compared with that used in the previous pilot study in Adelaide (Pullen et al, 2002).  This was because property 
registers in Sydney metropolitan region did not include details of construction materials used in the dwellings as was 
the case with the South Australian government register.  Hence, it was necessary to determine a model house for 
each case study area rather than evaluate the embodied energy of each dwelling from the property register.  A 
schema summarising the methodology is shown in Figure 1. 
 

‘Drive by’ survey of each case study area 
noting types of dwellings and materials

 
 

Figure 1: Schema showing method for estimating embodied energy of ‘as built’ dwellings 
 

Inspection of drawings of dwellings at local 
council for more construction information

Use SEED spreadsheet to estimate 
embodied energy of model house 

Embodied energy per unit area, per case 
study area and greenhouse gas emissions  

Estimate embodied energy from materials 
in drawings for higher density buildings 

Embodied energy per unit area, per case 
study area and greenhouse gas emissions  
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Each case study area was surveyed to determine the nature of the dwellings and surrounding infrastructure.  By 
driving within the case study areas, it was possible to determine whether they were relatively homogeneous in terms 
of the dwelling type.  Where there were different types of dwelling, such as a combination of one storey and two 
storey houses, it was possible to estimate the relative proportions of each type.  Furthermore, the surveys enabled 
observations to be made of materials used in the dwellings which affect the total embodied energy; for example, the 
use of timber or aluminium window frames, the roof pitch, the extent of ornate architectural features, etc.  
Photographs of the different dwelling styles were taken for later reference and these provided confirmation of 
construction details.  Specific addresses which showed typical construction features were noted for further enquiries. 
Inspection of construction drawings at the local council offices enabled critical information to be determined.  For 
instance, houses in the areas developed during the late 1970s and early 1980s were constructed with either concrete 
slab on ground with brick veneer walls, or suspended timber floors with double brick walls, due to the transition in the 
techniques and materials for house building at that time were.  Similarly, many of the houses in the West Pennant 
Hills case study area had double and triple garages in a basement configuration beneath the ground floor requiring 
additional construction information for estimating embodied energy.  Furthermore, the case study areas of Cabarita 
and Liberty Grove had shared swimming pool facilities which also required consideration. 
 
The embodied energies of model single and two storey houses were derived using the SEED spreadsheet technique 
which conveniently estimates embodied energy from basic dimensions and material specifications of houses (Pullen, 
2000).  The spreadsheet can accept embodied energy coefficients for building materials from a variety of sources.  
For this exercise, the coefficients were derived from input-output analysis using the method previously described by 
Treloar (1994) in conjunction with the input-output data based on statistics from 1996/97 (Australian Bureau of 
Statistics, 2001).  These were combined with process analysis data from manufacturers for the direct energy inputs 
into the main construction components to form hybrid embodied energy coefficients which were used throughout this 
analysis.  The main construction components are brickwork, concrete, steel, timber, concrete products, carpet, 
appliances, plasterboard, aluminium, insulation, glass and timber products which comprise over 94% of the embodied 
energy of a typical house.  By using the SEED spreadsheet for each model house in the case study areas, it was 
possible to estimate an embodied energy intensity (GJ/m2 of floor area) for dwellings in each case study area. 
 
Where case study areas consisted of multi storey dwellings, the embodied energy intensities were estimated from 
first principles based on the products of materials quantities and hybrid embodied energy coefficients (see Figure 1).  
The carbon dioxide equivalent emissions (CO2-e) associated with the embodied energy consumption were also 
estimated using an extension of the spreadsheet technique.  For this purpose, carbon dioxide equivalent coefficients 
were evaluated using a similar technique based on input-output tables.  
 
The embodied energy of a typical dwelling in each area was obtained by multiplying the derived embodied energy 
intensities (shown later in this paper) with the average floor area given in Table 1.  The same process was 
undertaken for the associated greenhouse gas emissions. 
 
1.2.2 Maintenance and replacement 
Further energy is sequestered in dwellings as a result of maintenance and the periodoic replacement of components 
and fittings.  Research suggests that this is of the order of 10% per decade of the initial as-built embodied energy 
(Treloar et al, 2000; Pullen, 2000) and this estimate has been included in subsequent analysis.  More recent analysis 
of dwelling maintenance has confirmed this estimate (Tweedie, 2005).  The period over which this additional energy 
is accumulated (ie the longevity of the dwellings) has been taken to be 70 years for all types of dwelling and this 
anticipates a lower level of  maintenance and no upgrading in the initial and final five year periods of the buildings’ life 
cycle. 
 
1.2.3 Roads 
The total surface area of both residential and collector roads were mostly obtained from cadastral maps and road 
polygon layers for direct input into a GIS system.  Alternatively, road polygon layers were digitised from aerial 
photographs where GIS layers were not available.   
 
The embodied energy of roads was evaluated from the information on the road surface area and the embodied 
energy intensities for residential and collector roads.   These intensities were derived from typical road construction 
specifications of 625kg/m2 dolomite base and 72kg/m2 asphalt for residential, and 736kg/m2 dolomite base and 
96kg/m2 asphalt for collector roads, respectively, as confirmed by Roads and Traffic Authority of NSW in conjunction 
with hybrid embodied energy coefficients.  By dividing by the number of dwellings in each case study area, the 
embodied energy per dwelling for roads was also estimated.  It should be noted that energy expended during the 
construction of roads was not considered in this analysis nor was any additional embodied energy for road repairs.   
The embodied energy intensities for roads were broadly in agreement with those of other researchers (Treloar et al, 
2004) for bitumen based asphaltic concrete on a granular subbase 
 
1.2.4 Water supply 
The lengths of different types and diameters of pipes in each case study area were obtained from GIS data and 
amounted to over 4000 records in total.   A range of pipe types were used including cast iron concrete lined (CICL), 
ductile iron concrete lined (CICl), steel concrete lined (SCL), unplasticized polyvinylchloride (uPVC), glass fibre 
reinforced plastic (GRP), copper and polyethylene (PE) in sizes from 100mm to 1200mm diameter.  The wall 
thicknesses of the different pipes were obtained from Australian Standards and manufacturers specifications.  This 
enabled the embodied energy per metre length of each pipe type to be estimated.  Hence, the embodied energy of 
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the water supply system in each case study area was then calculated and from this, a ‘per dwelling’ estimate could 
also be made. 
 
The values for embodied energy per metre length for the various types and sizes of water supply pipes were of the 
same order as those developed by Ambrose et al (2002).   
 
1.2.5 Sewer system 
A similar method was also applied to the sewer system where the types of pipes used included cast iron concrete 
lined, ductile iron concrete lined, mild steel concrete lined, reinforced concrete (MSCL), glass fibre reinforced plastic, 
polyvinylchloride and vitreous clay in a range of sizes. 
 
1.2.6 Storm water system 
No data was easily available on the storm water system in each case study area.  However, an estimate on the 
embodied energy of a residential storm water system had previously been carried out (Pullen et al, 1998) for a 
suburb on the outskirts of Adelaide.  This data was updated with the recently developed hybrid embodied energy 
coefficients and a value for the embodied energy per dwelling calculated.  This value was used to estimate the 
embodied energy of the storm water system in each Sydney case study area and also on a ‘per dwelling ‘basis.  
For all three pipe systems, the total embodied energy was increased by 22% to account for the energy expended 
during the pipe laying process.  This estimate of on-site energy consumption was calculated during earlier research 
work (Pullen et al, 1998) based on information obtained from pipe laying contractors.  No additional embodied energy 
was included for maintenance during the life of the pipe systems. 
 
2. RESULTS 
 
2.1 Embodied energy 
Table 2 shows the estimated embodied energy intensities (GJ/m2 of floor area) and carbon dioxide equivalent 
intensities (kgCO2/m2 of floor area)) for a typical dwelling in each of the case study areas.  The energy used for on 
site construction activities has been  included in the third column of the table.  Similarly for the associated carbon 
dioxide equivalent emissions in the sixth column. 
 

Table 2:.  Embodied energy (EE) and carbon dioxide intensities 

EE intensity (GJ/m2) Carbon dioxide equivalent intensity 
(kgCO2-e/m2) 

Materials Materials Case Study Area 
As- 
built 

With 
replacements 

Materials & 
construction As-built With 

replacements 

Materials & 
construction 

Glenhaven 7.1 11.4 12.2 592 947 1014 
West Pennant Hills 7.0 11.1 11.9 511 818 875 
Narellan Vale 6.8 10.8 11.6 561 898 960 
Harrington Park 6.5 10.4 11.1 541 866 926 
St.Andrews 6.5 10.3 11.1 533 853 912 
Raby 6.5 10.4 11.2 542 867 928 
St.Clair 6.4 10.3 11.0 530 848 907 
Cambridge Gardens 6.4 10.2 10.9 528 845 904 
Kings Bay 5.4 8.7 9.6 438 701 771 
Abbotsford 8.3 13.3 14.6 683 1093 1202 
Cabarita 7.9 12.6 13.8 648 1036 1140 
Liberty Grove 6.7 10.7 11.5 590 944 1010 

 
For houses, there is some research indicating that construction energy could be in the region of 6 – 10% of the 
embodied energy of the construction materials (See 1998) and possibly higher for multi-storey commercial and 
residential buildings.  A factor of 7% has been used for houses and 10% for case study areas with apartments. 
The multi-storey apartment developments at Abbotsford and Cabarita show the highest intensities.  The increase in 
embodied energy with a greater number of storeys has also been shown for commercial buildings by Treloar et al 
(2001a).  The large detached houses in the areas of Glenhaven and West Pennant Hills are next.  The smaller 
detached houses in the older case study areas of Raby, St Andrews, St Clair and Cambridge Gardens have lower 
intensities.  The Kings Bay development shows the lowest intensity and reflects the fact that the developer intended 
to use more efficient building materials and construction methodology as one of a number of sustainable 
development initiatives. 
 
The embodied energy of a typical dwelling in each case study area can be estimated by multiplying the embodied 
energy intensities by the floor areas (from Table 1).  These can be supplemented by embodied energy contributions 
from infrastructure and these various components are shown graphically in Figure 2.  On average, the roads, water 
supply, sewer sytem and stormwater system are 32%, 4%, 2% and 2%, respectively of the as-built embodied energy 
for each dwelling.  As expected, Figure 2 indicates that high density residential developments (Kings Bay, 
Abbotsford, Liberty Grove and Cabarita) sequester a much smaller proportion of embodied energy in roads.   
 

_________________________________________________________________________________________________________
40th Annual Conference of the Architectural Science Association ANZAScA 76 



0

1000

2000

3000

4000

5000

6000
Em

bo
di

ed
 e

ne
rg

y 
fo

r t
yp

ic
al

 d
w

el
lin

g 
(G

J)

S/water
Sewer
W/supply
Roads
Dwelling maint.
Dwelling

 
 

Figure 2: Composition of the total embodied energy for typical dwellings in the twelve case study areas 
 

 
The embodied energy for all dwellings in each case study area can be obtained from the product of the embodied 
energy intensities, average floor area and number of dwellings.  These can also be supplemented with the embodied 
energy of the roads and water infrastructure as given in Table 3.   
 
 

Table 3: Embodied energy (EE) of dwellings and infrastructure in each case study area (TJ) 

Case Study Area 
EE of all 

dwellings 
 

EE of 
roads 

 

EE of 
water 

supply 
 

EE of 
sewer 

system 
 

EE of 
storm 
water 

system 
 

Total EE 
for case 

study 
area 

Glenhaven 5192 735 40 38 31 6036 
West Pennant Hills 5286 1021 150 27 30 6513 
Narellan Vale 5065 1340 88 40 49 6582 
Harrington Park 2379 708 51 36 20 3194 
St.Andrews 3029 867 81 28 36 4041 
Raby 3245 836 28 35 43 4187 
St.Clair 10789 2995 228 106 132 14250 
Cambridge Gardens 1365 287 21 9 16 1698 
Kings Bay 357 29 30 16 7 439 
Abbotsford 673 66 3 6 10 758 
Cabarita 944 69 13 20 10 1056 
Liberty Grove 1092 53 0 8 9 1161 

 
 
2.2 Life cycle energy consumption  
One way to relate the annual operational energy consumption of buildings with embodied energy is to annualise the 
latter.  This means taking the total embodied energy of a building or infrastructure component and dividing it by the 
life expectancy.  The life expectancies that have been used are similar to those used in the related study in Adelaide 
(Troy et al, 2003) which were 70, 50 and 60 years for dwellings, roads and water systems, respectively.   
 
Similar data can be computed for carbon dioxide equivalent greenhouse gas emissions.  For the dwellings, the 
emissions have been evaluated using CO2 equivalent coefficients derived from input-output analysis using ABS 
tables from 1996/97 (Australian Bureau of Statistics, 2001) in conjunction with the SEED spreadsheet.  This method 
evaluates the emissions of the dwellings as a sum of the emissions of the individual construction components.  The 
additional emissions for maintenance and repair are factored in on the same basis as for embodied energy.  
Similarly, the emissions associated with on-site construction energy are included.  For the roads and water systems, 
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the embodied energy data have been converted to emissions using simple factors of 65kg/GJ and 71kg/GJ, 
respectively, as developed and used in the Adelaide study (Troy et al, 2003). 
 
The average operational energy for a typical dwelling in each case study area consisting of the combined electricity 
and gas consumptions (expressed in terms of primary energy) are shown in table 4.  These can be compared with 
the annualised embodied energy also expressed in terms of primary energy.  The total annual energy (operational 
and embodied) is shown for typical dwellings revealing substantial differences between case study areas.  The total 
annual energy is also given on a per capita basis from a knowledge of the average number of occupants per dwelling 
(Holloway et al, 2006) and this also shows differences between case study areas.   

 
Table 4: Annualised energy consumption for a typical dwelling in each case study area (GJ) 

Case Study Area Operational 
energy 

Embodied 
energy 

Total energy 
per dwelling 

Total  energy 
per capita 

Glenhaven 184.0 66.4 250.4 73.6 
West Pennant Hills 168.7 74.4 243.1 67.7 
Narellan Vale 99.7 47.0 146.7 46.0 
Harrington Park 109.6 55.3 164.9 49.2 
St.Andrews 114.4 39.7 154.1 45.1 
Raby 120.0 34.3 154.3 46.5 
St.Clair 115.1 37.7 152.8 44.2 
Cambridge Gardens 124.7 37.7 162.4 52.8 
Kings Bay 66.0 21.3 87.3 39.2 
Abbotsford 125.7 26.2 151.9 69.0 
Cabarita 120.2 34.5 154.7 59.5 
Liberty Grove 89.1 43.5 132.6 48.9 

 
The greenhouse gas emissions associated with the operational energy and embodied energy are shown in Figure 3 
in terms of tonnes of CO2 equivalent emissions for the different case study areas. 
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Figure 3: Summary of annual carbon dioxide equivalent emissions for typical dwellings (t CO2-e) 
 

On average, embodied energy amounts to 26% of combined embodied and operational energies for all the case 
study areas.  This increases to as high as 34% for the Liberty Grove development.  These proportions are similar 
when the associated greenhouse gas emissions are considered. 
 
3. DISCUSSION 
 
3.1 Overall energy consumption 
The research has revealed some significant differences between the overall energy consumption in case study areas 
containing large detached houses compared with those with smaller houses.  Although house size is not the only 
factor influencing energy consumption, it is a major determinant and houses with floor areas in excess of 300m2  
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(Glenhaven and West Pennant Hills) are likely to have a higher overall energy consumption compared with older 
houses (St Clair and Cambridge Gardens) with floor areas of just over half of this.  The high density developments of 
Kings Bay and Liberty Grove show somewhat lower overall energy consumption.  However, the case study areas of 
Abbotsford and Cabarita, which both have apartment dwellings, do not show a significantly lower energy 
consumption.  In fact, when the energy per capita data is examined (Table 4) it can be seen that these areas have 
higher total consumption compared with older detached dwellings (except for Glenhaven and West Pennant Hills).   
 
Generally, Landcom developments showed a lower overall energy consumption than other private developed estates 
(except for Glenhaven) with a much lower level for the Kings Bay high density development. 
 
It should be emphasised that the consideration of energy consumption for travel purposes was not within the scope of 
this research but would be a further factor in the determination of sustainable urban forms. 
 
3.2 Embodied Energy 
With embodied energy at up to one third of the combined embodied and operational energies, the research has 
confirmed the significance of this component of life cycle energy consumption.  In terms of greenhouse gas 
emissions, the importance of embodied energy will become greater as more renewable energy sources are gradually 
adopted.   
 
The methods by which embodied energy data are estimated are becoming more robust and this has been greatly 
enhanced by the work of Treloar (1998) and subsequent research by Treloar et al (2001b) and Crawford (2005).  
Collectively, this body of research has extended systems boundaries and focussed on completing both process 
based and input-output based analyses.  This has resulted in embodied energy values for typical dwellings which are 
considerably higher than those shown in this paper although the use of ‘gap’ factors can be used to indicate parity.  
Shipworth (2002) has recognised the sophistication of methods which eliminate incompleteness of energy analyses 
whilst suggesting the possibility of stochastic modelling of embodied energy and greenhouse gas emissions.  This 
would avoid the deterministic approach which assumes economy-wide mean values for the embodied energy of 
construction materials.  Conversely, the widespread acceptance of life cycle energy analysis of buildings would be 
encouraged by methods and data that are relatively simple and easily accessible to practitioners in the field such as 
designers and quantity surveyors.   
 
The need for absolute values for embodied energy data is less important when a comparison is being made between 
similar buildings with different materials or between residential developments with different urban form, as it is the 
design solution with the lower embodied energy that would normally be sought.  When life cycle energy analysis is 
considered, then the magnitude of embodied energy becomes more important, but this too must be weighed against 
the level of sophistication in determining operational energy and its production with regard to indirect energy inputs.  
 
There are other areas that require improvement in the use of life cycle energy analysis of buildings and the built 
environment. A lack of data on the longevity of the building stock is a major factor influencing the reliability of life 
cycle energy analysis.  The assumed life of 70 years may be too low for some dwellings but is likely to be too high for 
others which would cause the proportion of embodied energy to be understated.  Although the inclusion of roads and 
water systems has made the analyses more complete, there still remains infrastructure not included such as gas and 
electricity reticulation systems.  As previously mentioned, the repair and maintenance of roads is also an area 
needing attention.  A further consideration with infrastructure is the large quantities of embodied energy sequestered 
in headworks outside of the study areas eg concrete dams for water storage.  In this study, this embodied energy has 
been excluded but there is a case for apportioning this energy across all dwellings serviced from these facilities. 
 
More detailed property files at either State or local government level are highly desirable with information recorded on 
building materials and building style.  This would greatly assist a more comprehensive estimation of the embodied 
energy of whole neighbourhoods.  For larger buildings included apartments, access to bills of quantity or pre-tender 
estimates would eliminate assumptions made in the calculations which may not be accurate.  The archiving of this 
information by developers for later analysis would greatly assist the research process.  At the moment, developers 
consider this type of information to be commercially sensitive or difficult to source which means it is often 
inaccessible to the researcher. 
 
CONCLUSION 
The analysis of embodied energy has provided a comparison between case study areas at a level of detail not 
previously attempted.  There remain areas of knowledge which have not yet been explored and where assumptions 
have been made.  However, the information generated contributes to a life cycle energy approach and a more holistic 
means of comparing different urban dwelling configurations.  Conventional housing has a higher embodied energy 
compared with higher density housing such as town houses and this difference is magnified when infrastructure such 
as roads water systems are considered.   
 
There is some suggestion that where higher density developments include multi storey apartments, a lower life cycle 
energy consumption may not be achieved compared with some conventional housing, particularly if the comparison 
is made on a per capita basis.  This is an aspect worthy of further research bearing in mind the trend towards higher 
density urban developments.  The inclusion of energy consumed by dwelling occupants in travel activities would be 
an important factor to consider in such research. 
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Better record keeping of building specifications by both developers and government would contribute to more 
accurate assessments of embodied energy in the future. 
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