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Abstract:  Transport and housing activities account for a significant proportion of a household’s energy 
use and greenhouse gas emissions.  In this study, life cycle analysis is used to calculate the total 
transport and housing energy and emissions from a sample of 41 households resident in seven apartment 
buildings in Adelaide City Centre. 

The analysis includes delivered energy and greenhouse gas emissions generated by motorised travel and 
activities within the dwelling (heating, cooling, water heating, cooking, electrical appliances etc.); and the 
energy and emissions embodied in household motor vehicles and the apartment buildings. 

The study builds on previous research which calculated the life cycle energy and emissions from a sample 
of 212 inner suburban and outer suburban households living in detached, semi-detached, unit and 
terraced dwellings (Perkins, 2002).  In that analysis it was found that certain urban form variables were 
significant in explaining the variance in energy use and emissions between households. 

The results for the expanded sample of households are compared with reference to key urban form 
factors (location, density, dwelling type), and to socio-demographic variables (income, family type, 
employment, age profile).  Inferences are drawn concerning the impact of the urban form factors on the 
total transport and housing energy and emissions of the expanded sample, and the impact of urban form 
on the transport and housing specific activities. 

Introduction
The University of South Australia with support from the Adelaide City Council and the South Australian 
Department for Transport, Energy and Infrastructure, has undertaken a research project involving a 
detailed life cycle analysis of transport and housing energy and greenhouse gas (GHG) emissions 
attributable to 41 households in seven apartment buildings in the City of Adelaide.  This research followed 
earlier research (Perkins, 2002; Perkins 2003) involving a sample of 212 households in an inner and an 
outer suburb of Adelaide. 

The purpose of the project was to compare the transport and energy use of families and individuals living 
in apartments in the city centre with that of the suburban households.  The three samples (city centre 
apartments; inner suburb dwellings; and outer suburban dwellings) represent differences in dwelling type, 
location, the layout of development, density and mix of land uses.  These characteristics describe the 
urban form of each development. 

The impact of transport on greenhouse gas emissions is usually reported in terms of tail-pipe emissions 
from vehicles.  However, the full impact is greater, as emissions are expended in the manufacture of 
motor vehicles and the construction and maintenance of transport infrastructure.  Similarly, emissions 
from the built environment are reported in terms of the use of buildings, excluding the emissions that are 
expended in the construction and maintenance of buildings, and of urban infrastructure. 

The emissions from the daily activities can be referred to as ‘operational’ emissions, while the other 
emissions are ‘embodied’ in the products used.  This study considered all transport and housing 
emissions, operational and embodied, by means of life cycle analysis, which calculates energy use and 
emissions on an annual basis.  The energy and emissions were categorised as Dwelling Operational,
Dwelling Embodied, Transport Operational (Travel) and Transport Embodied energy and emissions, 
as expended over the life cycle of the dwellings in the three samples. 
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Findings of the 2002 study 
In the 2002 study of inner and outer suburban dwellings it was found that certain urban form variables 
were significant in explaining the variance in energy use and emissions between households. 

Overall the inner suburban residents used only 51% as much delivered energy as their outer suburban 
counterparts.  However, if travel energy were to be excluded from consideration, then the inner suburban 
residents would be found to have used 78% as much energy as the outer suburban residents. 

The ‘Site Area’ variable (a fine-grained measure of density) explained 25% of the variance in household 
Appliance energy use; and 22% of the variance in travel energy use.  It was also of some (lesser) 
significance in explaining the variance in between households of energy embodied in dwellings and 
vehicles.  The ‘location’ variable also contributed to explaining variance between households in travel 
energy.

Site Area explained 35% of the variance in life cycle housing energy (i.e. the combined operational and 
embodied energy for housing); 27% of the variance in life cycle transport energy (i.e. the combined 
operational and embodied energy for travel and vehicles); and 30% of the variance in total life cycle 
transport and housing energy use. 

Methodology 
The methodology involved the collection of data on the energy used for dwelling and transport by a 
sample representative of apartment residents in the City of Adelaide.  It was necessary for the apartment 
buildings chosen to have been in occupation for over twelve months, for the responding residents to have 
lived in the apartment for a full year (so that 4-season power bills could be provided), and for the residents 
to be permanent (some city centre apartments are serviced apartments). 

Detailed information on dwelling and apartment design and dimensions, travel behaviour, household 
vehicles, and appliance energy consumption was collected though a household energy use survey and 
household travel diaries, plus analysis of apartment building plans.  The household survey comprised two 
main parts, a questionnaire directed to respondents during the first of two house visits, and a three day 
trip diary which was kept by the respondents and their families and returned to the interviewer at the 
second visit.  The two parts may be distinguished as the ‘household interview questionnaire’ and the 
‘household travel diary’.  The socio-economic and demographic data required for each household was 
collected through the household survey. 

Energy use and greenhouse gas emissions were calculated for each household.  The energy and 
emissions for the dwelling and transport components were then compared, and the patterns of energy and 
emissions between households and between the city centre apartment and the other two suburban 
household samples were charted.

Dwelling operational energy was calculated from the annual consumption figures for the use of electricity 
and gas by the households, obtained from residents’ power bills during the interview.  In the apartment 
buildings energy was also used to operate shared facilities, such as lifts, security lighting and garage 
doors, so building managers were approached to supply this information. 

To establish transport operational energy it was necessary to determine travel by mode and vehicle type 
that was undertaken by the sample of apartment households.  It was necessary therefore to obtain 
information on household trips which might reasonably represent the usual travel patterns of the 
household.  It was also necessary to know what vehicles the household members used for those trips. 

The travel diaries were of three days duration.  As the interviewers were generally able to collect travel 
diaries one or two days after they were completed, it was possible for them to sit down with the 
respondents to check through the diaries, and for respondents to reasonably remember trips made over 
the preceding three day period.   

To calculate transport embodied energy it was necessary to determine the energy embodied in household 
vehicles by recording the vehicle model, so that the average weight for each model could be attributed. 
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Also the age of each vehicle was recorded, so that the embodied energy of each vehicle could be 
expressed as an annual quantity to allow comparison with operational energy use. 

The dwelling embodied energy of the apartments is the energy used to construct, refit and maintain the 
apartments over the lifetime of the building. 

The embodied energy of a construction material or component in a building can be estimated by 
multiplying the quantity of the material or component by an appropriate embodied energy coefficient.  The 
sum of these products provides the estimate of the embodied energy of the whole building.  As Bills of 
Quantities or Pre-tender Estimates were not available for the buildings chosen for this study, the quantities 
were determined by on-site surveys and inspection of construction drawings.   

Embodied energy coefficients were derived from input-output analysis based on statistics which are 
periodically published by the Australian Bureau of Statistics. For the purposes of accurate comparison 
with the inner and outer suburban dwelling sample, and to remove the influence of different fuel mixes, the 
coefficients for delivered energy that were used in the previous study (Perkins, 2002) were applied.  
These were derived from the 1986 Australian economic input-output tables (Pullen, 1996), although more 
recent tables are available.  The embodied energy of a building can be expressed as an annual embodied 
energy expenditure by dividing by its expected life cycle (in years). 

In this study delivered energy use was calculated.  This is the quantity of energy consumed directly by the 
end user.  Analysis of delivered energy permits a direct comparison to be made between the elements of 
a design and the quantities of energy used.  The energy efficiency of the design can be determined 
without having to adjust to allow for the use of different fuels for different activities. 

The quantities of greenhouse gas emissions depend on the fuel used.  Electricity which is the 
predominant energy source used in buildings has a high emission factor because for every unit of 
electrical energy delivered to a building, approximately two additional units of energy have been used in 
electricity generation.  The emissions from petrol consumed in the internal combustion engines of motor 
vehicles do not represent the totality of emissions because energy has been expended and emissions 
released in the processes of oil exploration, oil well operation, bulk transportation, fractionation and 
refining, and finally in delivery to the end user.  The energy used in these production processes plus the 
energy consumed at the point of use is described as the primary energy.  Greenhouse gas emission 
factors are based on the primary energy consumption. 

Case Studies 
Combining the two studies, the transport and dwelling energy and emissions from a total of 243 
households living in a range of different dwelling types in three different metropolitan localities can be 
compared.  Some of the distinctive urban form features of each locality are summarised in Table 1.  Their 
metropolitan locations are shown in Figure 1. 

Table 1:  Urban form characteristics of the three study locations. 

CHARACTERISTIC OUTER SUBURB INNER SUBURB CITY CENTRE 
Sample Size –     
- Number of People 451 96 66 
- Number of Households 164 48 41 
Dwelling occupancy rate 2.5 2.0 1.6 
Distance from CBD (kilometres) 38 3 0 
Dominant dwelling type Single storey 

detached
Two storey terrace 6-8 storey 

apartments 
Car ownership rate 1.52 1.27 0.95 
Dwelling density (per hectare) 10 30 230 
Average site area per dwelling (m2) 510 227 28 
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Figure 1:  Metropolitan location of the three study localities. 

The forty one surveyed households were resident in seven apartment buildings located in the North East 
Quadrant of the City of Adelaide, generally referred to as the “East End”.   

Five of the buildings are part of the Gardens East development that was undertaken from the mid-1990s 
to the early-2000s on the site of the old wholesale fruit and vegetable market.  The apartments formed an 
early stage in the push to revitalise the City of Adelaide by increasing the population living, working, 
studying and visiting the city centre.  The Gardens East development is located in a city block that 

Inner suburban dwellings 
at Norwood City Centre Apartments 

Outer suburban dwellings 
at Seaford

Adelaide statistical area 
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includes shops and cafes along the south side of Rundle Street East, one of the city’s main entertainment 
areas.  It is permeated by laneways and walkways that provide public access through the development, 
and it includes shops, offices and cafes at the ground floor level of some of the apartment buildings. 

The nearby Botanic Apartments were constructed following the success of the early apartment buildings 
on the Gardens East site. 

The Bent Street Apartments are the most recent of the buildings studied, being constructed in 2005.  
Shops and cafes are incorporated into the ground floor.  The Gardens East and Botanic Apartments are 
set within paved and landscaped sites that provide a degree of separation from the surrounding 
commercial streets.  The Bent Street Apartments are located in a side street near the Rundle Street 
shopping and entertainment precinct.  There has been substantial growth in city centre apartments 
between the time of the Gardens East development and the Bent Street development, with the scope of 
the market for apartments having expanded to include young professionals, older people, retired or 
otherwise, and international students studying in Adelaide.  

There were distinct differences in the profiles of residents in each set of apartments.  There were no 
children in any of the households interviewed. 

The occupants of the Gardens East Apartments were predominantly in the older age groups, with the 
youngest person interviewed being 35.  There were roughly equal numbers of middle aged employed and 
older retired people.  The employed respondents were generally high income earners, while the income of 
retired households was variable.  The largest apartments are in Gardens East, and the car ownership rate 
was slightly higher than the sample average at 1.2 vehicles per household. 

The occupants of the Botanic Apartments were a mixture of younger people (15 to 34 age groups) and 
older people (55 to 74 age groups).  Household incomes are predominantly in the middle range ($31,000 
to $60,000 p.a.), and there was a cross-section of employed, student and retired residents in the sample. 

The occupants of the Bent Street Apartments were predominantly younger people in the 15 to 34 age 
groups.  Most occupants were employed full-time or were full-time tertiary students.  There was a wide 
spread of household incomes, with most of the student households being low income.  The Bent Street 
Apartments were the smallest, but occupancy rates were slightly higher than in the other buildings.  
Despite a number of relatively high income households, the car ownership level was particularly low at 0.6 
per household.  Most of the apartments were rented. 

Results
The results are presented for energy use then GHG emissions, distinguishing between the three samples 
of households, and the four energy-using activities (dwelling operational, dwelling embodied, transport 
operational, transport embodied). 

Delivered energy use 
In Table 2, the annual delivered energy use for each of the three samples is presented per household, per 
capita and per square metre. 

On a per household basis, the apartment households used just 43% as much delivered energy as the 
outer suburban households, and 84% as much energy as the inner suburban households.  On a per 
capita basis, the apartment households used 72% as much energy as the outer suburban households, but 
slightly more than the inner suburban households (104%).   

On average, the city centre apartment households used more dwelling operational energy (32 GJ per 
household p.a.) than the inner suburban households (27 GJ per household p.a.), but less than the outer 
suburban households (36 GJ per household p.a.).  Potentially energy could be saved in apartment 
buildings, when compared with detached dwellings, through reduced heating requirements due to the high 
thermal mass and shared walls, and, indeed, through the sharing of facilities such as security alarms, 
automatic  garage doors and lighting of external areas.  However, any such savings were not manifest in 
the dwelling operational energy use in this sample. 
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Table 2:  Summary of delivered energy use for each of the three household samples. 

GJ PER ANNUM
Dwelling 
operational 
energy

Dwelling 
embodied 
energy

Transport 
operational 
energy

Transport 
embodied 
energy

TOTAL 
DELIVERED 
ENERGY

DELIVERED ENERGY PER HOUSEHOLD (MEAN)
Outer Suburban Households (n=164) 36 18 132 22 208
Inner Suburban Households (n=48) 27 16 46 17 105
City Centre Apartment Households (n=41) 32 26 13 18 89
DELIVERED ENERGY PER CAPITA (MEAN)
Outer Suburban Households (n=451) 13 6 48 8 76
Inner Suburban Households (n=96) 14 8 23 8 53
City Centre Apartment Households (n=66) 20 16 8 11 55
DELIVERED ENERGY PER SQUARE METRE (MEAN)
Outer Suburban Households (av. 116m2) 0.31 0.15 1.14 0.19 1.80
Inner Suburban Households (av. 117m2) 0.23 0.14 0.39 0.14 0.90
City Centre Apartment Households (av. 113m2) 0.29 0.23 0.11 0.16 0.79

Dwelling embodied energy was lower in the inner suburban sample (16 GJ per household p.a.) than in the 
outer suburban sample (18 GJ per household p.a.) due to shared walls between terraced and semi-
detached dwellings and the lesser amount of on-site development on the smaller inner suburban lots.  The 
city centre apartments were of a different construction (reinforced concrete footings, columns, beams and 
floor slabs, double brick cavity walls externally, with steel framed walls internally and precast concrete 
external wall panels) than the predominantly brick veneer suburban dwellings, and relatively high 
embodied energy per dwelling was expected.  The average of 26 GJ per household p.a. was strongly 
influenced by the Gardens East apartment buildings (33.3 GJ per dwelling p.a.) which were of more 
massive construction than the Bent Street or Botanic Apartments (19.3 and 19.0 GJ per dwelling p.a. 
respectively). 

Transport operational energy use was exceptionally low for the apartment households (13 GJ per 
household p.a.).  The distribution of transport operational energy use between households in each of the 
three samples is shown in Figure 2.  For the city centre apartment households, travel energy use was 
predominantly less than 20 GJ per household p.a. with a lesser proportion of households consuming up to 
60 GJ per household p.a. for travel.  The majority of inner suburban households consumed 20 to 60 GJ 
per household p.a. with a lesser proportion of households consuming 60 to 120 GJ. For the outer 
suburban households, however, travel energy consumption ranged from less than 10 GJ to over 300 GJ. 

Figure 2:  Distribution of transport operational energy – comparison of the 3 samples. 
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As shown in Figure 3, the choice of travel modes was very similar for the outer and inner suburbs 
households.  74% of trips by the inner suburban residents were by car compared with 75% for the outer 
suburban residents.  The outer suburban residents travelled slightly more by public transport (5% of trips 
compared with 3%), while the inner suburban residents walked slightly more (20% of trips compared with 
18%).  However, the mode choice of the city centre apartment residents was significantly different, with 
57% of trips being walking trips and just 34% being car trips. 

50% of trips by Seaford residents were less than 5km in length, whereas 75% of Norwood residents’ trips 
were less than 5km long.  For the apartment residents, 80% of trips were less than 5km.  However, unlike 
the inner suburbs residents, a large proportion of these were pedestrian trips.  The substantial reduction in 
travel energy use by city centre residents, even when compared with inner suburban residents, reflects a 
combination of a high proportion of shorter trips and a preference for walking. 

Figure 3: Proportions of trips by mode – comparison of the 3 samples. 
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Car ownership rate is self-evidently the dominant determinant of household transport embodied energy.
The embodied energy attributable to each household for travel in other modes – bus, train or taxi – is a 
small component on a passenger kilometre basis.  Other characteristics of household car ownership do 
have an influence, particularly the size and age of the household’s motor vehicle(s). 

With a car ownership rate of 1.52 cars per household, the average embodied energy of household motor 
vehicles in the outer suburb was 328 GJ per household, which translated to 21 GJ per household p.a., 
with an average embodied energy per vehicle of 216 GJ. 

For the inner suburbs sample, where the car ownership rate was 1.27 per household, the average 
embodied energy of household vehicles was 16.6 GJ per household p.a., with an average embodied 
energy per vehicle of 210 GJ. 

The car ownership rate was lower for the apartment sample at 0.95 cars per household.  However, this 
sample of cars was larger and heavier than the inner suburb sample, so the average embodied energy 
per vehicle was 277 GJ, translating to an average per household of 263 GJ, and 17.6 GJ per household 
p.a.

Table 3 shows the percentage of energy used by the inner suburban and city centre apartment samples 
when compared with the outer suburban sample. 
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Table 3:  Percentage energy used by inner suburban and city centre apartment samples compared 
with the outer suburban sample for each energy use category. 

Dwelling 
operational 
energy

Dwelling 
embodied 
energy

Transport 
operational 
energy

Transport 
embodied 
energy

Total energy

Inner suburb 75% 89% 35% 75% 51%

City centre apartments 89% 145% 10% 80% 43%

% energy used compared with 
outer suburbs household 
sample

Greenhouse gas emissions 
As shown in Table 4, the total transport and housing emissions were slightly higher for the apartments 
sample (16.2 tonnes CO2-e per household p.a.) than for the inner suburban sample ( 14.0 tonnes CO2-e 
per household p.a.) due mainly to the high apartment dwelling operational and embodied emissions, and 
despite very low apartment transport operational emissions. 

Due to the low occupancy rate in the apartments, the total transport and housing emissions per capita 
were higher than for either the outer or inner suburban households. 

Table 4:  Summary of greenhouse gas emissions for each of the three household samples. 

TONNES CO2e PER ANNUM Dwelling 
operational 
emissions

Dwelling 
embodied 
emissions

Transport 
operational 
emissions

Transport 
embodied 
emissions

TOTAL 
EMISSIONS

EMISSIONS PER HOUSEHOLD (MEAN)
Outer Suburban Households (n=164) 5.4 1.9 8.5 4.5 20.3
Inner Suburban Households (n=48) 5.9 1.7 3.0 3.4 14.0
City Centre Apartment Households (n=41) 9.5 2.2 1.2 3.3 16.2
EMISSIONS PER CAPITA (MEAN)
Outer Suburban Households (n=451) 2.0 0.7 3.1 1.6 7.4
Inner Suburban Households (n=96) 3.0 0.9 1.5 1.7 7.0
City Centre Apartment Households (n=66) 5.8 1.4 0.8 2.1 10.0
EMISSIONS PER SQUARE METRE (MEAN)
Outer Suburban Households (n=451) 0.05 0.02 0.07 0.04 0.18
Inner Suburban Households (n=96) 0.05 0.02 0.03 0.03 0.12
City Centre Apartment Households (n=66) 0.08 0.02 0.01 0.03 0.14

Table 5 shows the percentage emissions the inner suburban and apartment samples when compared with 
the outer suburban sample. 

Table 5:  Percentage emissions from inner suburban and city centre apartment samples compared 
with the outer suburban sample for each emissions category. 

Dwelling 
operational 
emissions

Dwelling 
embodied 
emissions

Transport 
operational 
emissions

Transport 
embodied 
emissions

Total 
emissions

Inner suburb 110% 91% 35% 75% 69%

City centre apartments 175% 120% 15% 74% 80%

% emissions compared with outer 
suburbs household sample

Discussion
Why the city centre apartments used less delivered energy 
The overall better energy performance of the city centre apartment households when compared with both 
suburban household samples was due to their very low transport operational energy. 

The difference in average household transport operational energy consumption between the households 
in the three areas was dramatic.  The average inner suburban household used just 35% as much 
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transport operational energy as the average outer suburban household, and the average city centre 
apartment household used just 10% as much energy as the average outer suburban household. 

The low transport operational energy use of the city centre apartment households reflected the walkability 
of the city centre.  It appears that the density and diversity of facilities in the city centre location is 
sufficient to encourage a much higher level of pedestrian activity than in inner suburban locations, and to 
significantly discourage car trip-making. 

Why the city centre apartments did not have the lowest emissions 
The city centre apartment household sample produced less emissions for its combined transport and 
housing activities than the outer suburban sample, but more than the inner suburban sample.  Petroleum 
transport fuels produce less emissions per unit of energy consumed than electricity.  Hence the relatively 
high dwelling operational emissions by the apartment households boosted per household emissions 
despite very low transport emissions.  The manufacture of motor vehicles and building materials involves 
a mixture of fuels, but many manufacturing processes involve considerable use of electricity derived from 
fossil fuel sources, so the higher embodied energy content of the apartment buildings and the cars 
associated with this sample also contributed to higher overall emissions than for the inner suburban 
sample. 

Differences in energy and emissions between apartment buildings 
Energy use and emissions from the apartments sample showed significant variation between apartment 
buildings.  There were distinct physical differences in structure and apartment size, and also socio-
demographic differences (age, employment and income profiles) between the Bent Street, Botanic and 
Gardens East apartment residents.  In Table 6 the energy and emissions results for the three sets of 
apartments are distinguished and compared with the results from the suburban samples and the city 
centre apartments sample as a whole. 

The Bent Street apartment households proved to be very low users of housing and transport energy, with 
delivered energy use for combined transport and housing activities being just 55 GJ per household p.a. 
(compared with 89 for the city centre apartment sample as a whole).  Emissions per household were also 
well below those of the other samples. 

The Gardens East apartment households were high energy users, with combined housing and transport 
energy at 111 GJ per household p.a. being above that of the inner suburban sample of 105, although still 
well below that of the outer suburban sample of 208.  However, at 19.9 tCO2e per household, the 
Gardens East residents produced nearly as much combined housing and transport emissions as the outer 
suburban households (20.3 tCO2e).  On a per capita basis, Gardens East average emissions substantially 
exceeded the suburban samples (12.5 tCO2e compared with 7.4 tCO2e for the outer suburban 
households). 

Table 6:  Energy and emissions for the city centre and suburban samples, distinguishing between 
city centre apartment buildings. 

SAMPLES AND SUB-SAMPLES
Dwelling 
operational 
energy

Dwelling 
embodied 
energy

Transport 
operational 
energy

Transport 
embodied 
energy

TOTAL 
DELIVERED 
ENERGY

DELIVERED ENERGY PER HOUSEHOLD (MEAN) - GJ per household per anum
Outer Suburban Households (n=164) 36 18 132 22 208
Inner Suburban Households (n=48) 27 16 46 17 105
City Centre Apartment Households (n=41) 32 26 13 18 89
City Centre Bent Street Apartment Households (n=12) 20 19 8 8 55
City Centre Botanic Apartment Households (n=9) 35 19 14 16 84
City Centre Gardens East Apartment Households (n=20) 38 33 15 24 111
EMISSIONS PER HOUSEHOLD (MEAN) - tonnes CO2-e per household per annum
Outer Suburban Households (n=164) 5.4 1.9 8.5 4.5 20.3
Inner Suburban Households (n=48) 5.9 1.7 3.0 3.4 14.0
City Centre Apartment Households (n=41) 9.5 2.2 1.2 3.3 16.2
City Centre Bent Street Apartment Households (n=12) 5.8 1.8 0.8 1.5 9.8
City Centre Botanic Apartment Households (n=9) 10.3 1.7 1.5 3.0 16.6
City Centre Gardens East Apartment Households (n=20) 11.3 2.8 1.4 4.5 19.9
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The study has identified two extremes of apartment energy and emissions impacts: 
(1)  a sample of wealthy, older residents living in relatively large apartments in very substantial apartment 

buildings with high embodied energy; and 
(2)   a sample of low to medium income younger residents living in small apartments in an apartment 

building of lighter construction. 

These results indicate that there are circumstances in which apartment households can be very efficient in 
housing and transport energy use and have a low emissions impact.  However, the combination of the 
urban form characteristics of dwelling type (apartments) and centrality/density (city centre location) are not 
sufficient to guarantee energy efficiency or low greenhouse gas emissions. 

A recent survey of approximately 4,000 dwellings on 52 sites across Sydney found that dwelling
operational emissions per household p.a. for mid-rise apartments (comparable to the city centre 
apartment sample) of 7.3 tCO2e were lower than the average for detached dwellings on separate sites 
(9.0 tCO2e), but higher than the emissions from ‘medium-density’ dwellings, namely townhouses and 
villas (5.1 tCO2e) (Myors, O’Leary and Helstroom, 2005).  For high-rise apartments of 9+ storeys, the 
emissions per household were particularly high (10.4 tCO2e). 

The average dwelling operational emissions from the city centre apartments sample at 9.5 tCO2e was 
actually higher than the Sydney average for mid-rise apartments.  The separation into sub-samples by 
apartment building does however show that the Bent Street Apartments had dwelling operational 
emissions that were comparable with medium density housing forms at 5.8 tCO2e. 

Policy Directions 
Supporting a city centre walking lifestyle 
The results of this study suggest that walking forms a very significant part of the daily movement pattern of 
city centre apartment residents.  While the facilitation of pedestrian movement in Australian capital city 
centres has improved in recent years, there is clearly much room for improvement.  Consideration of the 
pedestrian needs of city centre residents as well as commuters and other visitors may reveal additional 
ways of facilitating pedestrian movement.  

Reducing city vehicle embodied energy 
The predominance of walking trips and other short trips to a wide range of facilities indicates that much of 
what city residents need can be found within the city.  The exceptionally low transport operational (‘travel’) 
energy and emissions attributable to the city centre apartments sample produced an unusual outcome: 
energy used for travel was only two thirds the energy embodied in household motor vehicles (13 
compared with 18 GJ per household p.a.), and emissions due to travel were less than half the emissions 
embodied in household motor vehicles (1.2 compared with 3.3 tonnes CO2e per household p.a.). 

One might say that as far as metropolitan travel is concerned, the city centre residents really are travelling 
sustainably.  However, this brings into focus that they are still contributing 3.3 tonnes of emissions per 
household due to their levels of car ownership – not greatly different from the 3.4 tonnes for the inner 
suburban sample who demonstrated much greater dependence on car travel for metropolitan trips. 

The reasons why a proportion of the sampled households continue to own two cars are not revealed in 
this study, and may vary from a perceived necessity due to travel requirements not revealed in the survey, 
considerations of status, or simply continuation of suburban habits.  Policy instruments that state or local 
governments might pursue include restricting parking space provision for city centre apartment buildings, 
further promotion of city centre car sharing, and promoting the use of small and high emissions-efficient 
cars in the city with priority parking spaces and discounted on-street parking fees. 

Energy efficiency in building construction 
The study showed that on a life cycle basis the embodied energy in apartment buildings can be nearly as 
great per household as the dwelling operational energy used (Bent Street dwelling operational, 20 GJ, 
dwelling embodied, 19 GJ; Gardens East dwelling operational 38 GJ, dwelling embodied, 33 GJ).  It is 
thus an area that requires more consideration with respect to building standards. 
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The differences in embodied energy relate to the quantities of materials used, which in turn relate to the 
method of construction.  It may be time to start considering dwelling energy use holistically by setting 
standards for embodied energy as well as operational energy use, although caution is needed because 
buildings with a higher embodied energy content may have longer lives. 

Energy efficient apartment living 
A full audit of the major appliances and energy systems operating in each apartment building would be 
required to determine more clearly the reasons for high dwelling operational energy use and emissions, in 
the Gardens East Apartments, in particular.  

With the exception of the lower energy using Bent Street Apartments, the apartment buildings surveyed 
relied on electricity for dwelling operational energy.  The use of gas in the Bent Street Apartments, 
combined with the moderate income levels of residents, may have been the main reasons that the 
emissions from these households were comparable with those of the suburban households.  The attention 
to high performance double glazing of windows for reasons of noise insulation may also be contributing to 
the thermal insulation of the apartments. 

The conclusions from the study of Sydney apartments by Myors et al (2005) were that energy systems for 
the common areas of apartment buildings tended to be inefficient (uncontrolled lighting and inefficient 
lighting and ventilation).  The near universal use of reverse cycle air conditioning, with high summer and 
mid-winter peaks was also a major energy consumer, and apartment buildings need to improve design 
and insulation to remove the need for reverse cycle air conditioning or to reduce the need for as much air 
conditioning. 

An important conclusion emerging from both this study and the Sydney study referred to above is that 
dwelling operational energy use and emissions in apartments can be higher than in most types of 
suburban dwellings.  Before apartments can be confidently advocated as a more energy and emissions 
conserving urban form option, it will be necessary to ensure that the design of the apartment buildings and 
their energy systems are substantially more efficient than those of the Gardens East and Botanic 
Apartments. 
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