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Abstract:  This paper discusses the role for urban planning in managing the energy demands of living 
in Australian cities.  Current Australian metropolitan plans all contain sustainability ambitions.  
Tracking progress and developing strategies to move towards these ambitions requires empirical 
understanding of urban resource demands.  This paper focuses specifically on the energy demands of 
households, and whether they are affected by urban consolidation.  Existing empirical evidence about 
the influence of urban consolidation on household energy demand is reviewed.  The review shows that 
evidence is incomplete and inconsistent.  Improved understanding is needed.  However, it is possible 
to conclude that dispersed, incremental urban consolidation is unlikely to reduce household energy 
demand.  To achieve its sustainability goals, planning must be well informed, actively encourage the 
development of residential areas that are conducive to energy-efficient lifestyles, and look beyond 
physical influences on energy demand for policy solutions.  
 
1. Introduction 
The twin issues of climate change and dependence on fossil fuel derived energy pose a real and 
urgent challenge for urban communities.  Reducing energy demand is a preventative, anticipatory and 
cost-effective response.  To be successful, total energy demand - rather than just demand for petrol, 
electricity and gas - must be targeted.  In any urban area, energy is used for two purposes: to directly 
meet the energy needs of resident households; and, to produce, deliver and dispose of goods and 
services.  The total energy demands of urban living consist of direct energy use and energy used 
indirectly to support household consumption, regardless of whether it is used locally or elsewhere 
(Lenzen, Dey and Foran 2004). 
 
Energy use could equally be assessed from a production perspective.  However, focusing on 
consumption allows more equitable consideration of energy use policy, and allows an additional range 
of energy use reduction opportunities to be identified.  Households play a central role in shaping the 
energy demands of urban living.  Household activities, decisions and behaviours influence energy use.  
By understanding how and why households use energy technical and behavioural opportunities for 
energy savings can be identified.  This requires a detailed understanding of what influences and 
constrains household activities. 
 
The form and structure of cities is one such influence and constraint.  Understanding the influence of 
urban form and structure is particularly relevant in Australia because 75% of Australians live in centres 
with populations greater than 100 000, and populations in major capital cities continue to grow quickly 
(ABS 2007).  Understanding the influence of urban form and structure is also particularly important for 
planning, as planning can shape the form and structure of cities (in Australia, principally through 
strategic plans and land-use and transport plans).  In making decisions about how to shape urban 
form and structure, energy implications are one consideration.  Energy implications are vitally 
important if planning is to attain the broad goal of environmental sustainability cited in Australian 
metropolitan plans. 
 
This paper considers the role of planning in managing the energy demands of urban living.  To do so, 
it first briefly introduces theory on ideal urban form and structure (which centres around the ‘compact 
city’ notion), and the influence of planning on creating it.  In theory and in practice, the compact city is 
commonly but mistakenly reduced to one prescription: the concentration of urban activity, particularly 
residential densities, must increase.  Before examining this oversimplification, the paper takes a step 
sideways to avoid the trap of physical determinism, and describes major influences on the energy 
demands of urban living.  The third section returns to review evidence on the energy-efficiency merits 
of the simplified compact city notion (i.e. dispersed urban consolidation).  Based on this review, the 
paper considers implications for planning.  It asks whether facilitating incremental, dispersed 
consolidation constitutes effective and expedient policy for managing the energy demands of urban 
living and, if not, what else may be done.  
 
2. Ideal urban form and structure 
In Western planning, concepts of ideal urban form and structure are heavily influenced by the compact 
city model.  There are different ideas of what constitutes a compact city, though a consensus is slowly 
emerging (Breheny 1996, Frey 1999). In reviewing the international compact city debate, Frey (1999, 
p. 31), concluded that: 
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There seemed to be much more in common than an initial study of the arguments 
suggested. The differences seem to lie in the degree of compacting of the urban fabric 
and the degree of centralisation or decentralisation, rather than the principle. 

 
Australian metropolitan planning policy is increasing reflecting this consensus.  Forster (2006, p. 179) 
describes it as the ‘containment-consolidation-centres’ consensus, and describes what Australian 
cities modelled on it would look like: 
 

In 20-30 years time, if the plans come to fruition, our major cities will be characterised by 
limited suburban expansion, a strong multi-nuclear structure with high density housing 
around centres and transport corridors, and infill and densification throughout the current 
inner and middle suburbs. 

 
Compact city proponents argue that intensive urban activity offers economic, social and environmental 
advantages.  These are increasingly recognised in international planning theory, and reflected in 
Australian planning policy. 
 
The environmental advantages of the compact city include opportunities for saving land and 
minimising pressure on ecosystems at the urban fringe, improving household energy and water use 
efficiency, reducing the need to travel (and so fuel use and congestion), and reducing inputs required 
to establish and maintain infrastructure.  Opportunities for improved energy-efficiency include reduced 
need to travel because residential areas, employment, and services are located close together.  It is 
also possible for travel to be more efficient because public transport is more viable (Newman and 
Kenworthy 1999).  Tightly packed, smaller residential dwellings offer the opportunity to reduce energy 
use for heating and cooling.  Smaller, compact development can require less energy to construct and 
to maintain buildings, road, water and sewage infrastructure.  However, the energy-efficiency claims of 
the compact city are contested.  
 
Detractors argue that there are more effective ways to manage energy demand, such as behaviour 
change, energy and transport taxes, road and transport policies or technological improvements (e.g. 
Gordon and Richardson 1989, Moriarty 2000, Perkins and Hamnett 2005).  Others argue that 
dispersed living offers distinct efficiency gains.  For example, proponents of lower density suburban 
living cite opportunities to be less reliant on appliances like clothes dryers and air conditioners (Troy 
1996).  More complex claims about the benefits of lower density living point out that opportunities for 
growing food and recreating locally indirectly reduce energy demands (e.g. Trainer 1995, Berg 2004).  
An alternate view is that ‘questions of energy efficiency are largely case-specific and need to be 
referred to the study of actual cities or city regions’ (Frey 1999, p. 31). As debate about energy-
efficient urban form has unfolded, views of theorists have been oversimplified, and debate polarised 
(McManus 1998, Frey 1999).  Agreement on the basic model of a multi-nucleated compact city 
(though there are different versions of it) has been overlooked (Frey 1999). 
 
Reaching theoretical consensus is only part of the challenge.  The ‘containment-consolidation-centres’ 
vision of Australian cities exists in a ‘parallel universe’ to the reality of how urban form and structure is 
evolving in the contemporary metropolitan setting (Forster 2006, p. 180).  The metropolitan plans lay 
out a vision of consolidation clustered tightly and discretely around activity centres connected by 
transport networks.  The reality is one of more even, dispersed consolidation (Forster 2006, pp. 179-
180).  Incremental market-led development of small-lot green field sites and multi-unit dwellings has 
been, and under current conditions will continue to be, the dominant form of urban consolidation in 
Australian cities (Buxton and Tieman 2004, Michell and Wadley 2004, p. 58, Forster 2006).  This is 
essentially a continuation of urban consolidation processes facilitated since the 1980s, initially with the 
aim of reducing infrastructure provision costs (Buxton and Tieman 2004).  
 
As theoretical consensus draws in around the compact city model, dispersed consolidation continues 
to riddle its way through Australian cities, and energy demands continue to rise. For example, 
Australian per capita energy use rose from 255GJ/capita in 1997-8 to 265GJ/capita in 2003-4 
(Australia State of the Environment Committee 2006).  Though some of this energy use feeds into 
household consumption overseas, energy ‘exports’ are outweighed by ‘imports’ of embodied energy.  
The energy demands of Australian household consumption are increasing, and are higher in urban 
areas than in rural areas (Lenzen 1998, Lenzen, Dey and Foran 2004).   
 
3. Major influences on household energy demand 
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This section describes major influences on energy demand at the household level.  To doing so, it sets 
aside some important macro influences.  These include influences that tend to increase energy 
demand, such as population growth, increasing affluence, declining prices for consumer goods, low 
energy prices, and policy aimed at encouraging non-specific economic growth.  Also excluded are 
some influences that tend to favour energy savings, such as technological improvement in production 
processes, specific policy measures and public attitudes towards sustainable consumption (Noorman 
and Schoot-Uiterkamp 1998).  The focus is instead on the influence of the physical built environment 
and the characteristics and choices of individual households.   
 
Urban form and structure 
Urban morphology can be understood as having two components, urban structure and urban form.  
Urban structure is: 
 

[T]he spatial relationships between cities and their services and activities.  That is, 
whether the activities are arranged in linear relationships and are highly centralised, 
or whether the city is structured as an interconnected set of nodes around which 
development is arranged (Troy 2004, p. 1).  

 
Urban form, simply defined, is ‘the nature or density of development’, whether residential, commercial, 
industrial or mixed (Troy 2004, p. 1).  Urban form embraces morphological characteristics of a suburb 
or locale, and features of subdivisions or groups of buildings.  Urban form and structure have been 
shown to have a crucial influence on the daily activities of households and their subsequent 
environmental impact, particularly in relation to transport (Handy 1996, p. 162, Owens 1996, p. 5).  
Debate about what influences energy use for travel, particularly daily travel by private car, has focused 
on the importance of one aspect of urban form, residential density.  
 
The focus on residential density has occurred largely in response to the seminal work of Peter 
Newman and Jeff Kenworthy, who found urban population density to be the single most important 
explanatory factor for variation in automotive fuel consumption across 32 (and later 46) cities 
worldwide (Newman and Kenworthy 1989, Newman, Kenworthy and Laube 1999).  Newman and 
Kenworthy used their analysis to recommend the development of urban villages (higher-density 
residential, employment and service nodes) connected by public transport to reduce fuel use in 
Australian cities.   
 
Though Newman and Kenworthy identify population density as being causally related to lower 
automotive fuel use, they further qualify their conclusions.  They suggest that increases in residential 
density must be complemented with other changes to the urban fabric to reduce fuel use (or its proxy, 
car use).  Reanalysis of their data, and newer research, has confirmed the importance of other 
physical features.  Listed in order of scale, these include: size of urban area (Banister 1996), urban 
employment density and activity intensity (Mindali, Raveh and Saloman 2004, Chandra 2006), 
existence and spacing of employment centres and service centres (Naess et al. 1996, Mindali, Raveh 
and Saloman 2004, Holden and Norland 2005), local land-use mix (Cervero and Kockelman 1997), 
neighbourhood design and street layout (Handy, Cao and Mokhtarian 2005, 2006), and public 
transport availability (Chandra 2006).  Many of these features vary together, making the specific 
influence of any one difficult to isolate. However, existing research supports the notion that the multi-
nucleated compact city, with its combination of structure and form prescriptions, could facilitate 
reduced energy use for daily travel.  
 
Largely missing from this analysis is consideration of recreational and extra-urban journeys.  These 
have significant energy requirements that may also be influenced by urban structure and form. For 
example, amongst households in Oslo it has been shown that not having access to private outdoor 
space is linked with increased and longer-distance holiday travel (Holden and Norland 2005).  
Residents in higher density areas of inner Copenhagen have been shown to have higher demand for 
long distance non-urban travel than their counterparts in lower density outer areas (Naess 2005).  
Holden and Norland (2005) have hypothesised that households compensate for a lack of private 
outdoor space and reduced amenity with increased holiday travel.  Financial and time savings from 
reduced daily travel may also be channelled into increased recreational travel (Naess 2005, p. 183).  
Recreational, extra-urban and compensatory travel must be considered in any comprehensive 
assessment of travel-related energy demands of households. 
 
Dwelling size, design and appliance stock 
Dwelling size, design and appliance stock influence household demand for domestic energy (i.e. 
electricity and gas), particularly for heating and cooling.  It has been suggested that dwelling size and 
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appliance ownership are inter-related, as larger dwellings provide additional entertainment areas and 
storage space (van Diepen 1998).  Smaller, attached dwellings have potentially lower energy 
demands for space conditioning when insulation standards are equivalent to detached housing (Pears 
2005, p. 368).  However, where these standards are not met or opportunities for natural ventilation or 
heating are neglected energy demands may be higher.  
 
Further, complexes of multi-unit dwellings typically contain common-use areas, such as car parks, 
swimming pools, foyers, lifts, gyms, and ventilation systems.  These add significantly to energy 
demand, and are inconsistently included in research (Pears 2005). For example, a 2004 study found 
that households living in detached dwellings in Sydney, the Blue Mountains and Illawarra used 74% 
more electricity than households in multi-unit dwellings, but excluded energy use in shared areas 
(IPART 2004, p. 11).  Though difficult to compare because it measures greenhouse emissions, not 
energy use, Myors, O’Leary and Helstroom’s study (2005) of Sydney households included energy-use 
in shared areas and came to the opposite conclusion: households living in high-rise multi-unit 
dwellings produce the most greenhouse emissions. Energy use in common areas must be included for 
accurate portrayal of domestic energy use. 
 
In terms of the energy required to manufacture building materials and construct housing, attached 
dwellings offer some savings in embodied energy where they share services, walls etc.  However, 
each dwelling still requires individual sets of fixtures and plumbing, and are often constructed using 
more energy-intensive materials (such as steel or concrete).  As a result, the energy embodied in 
smaller attached dwellings can be similar to larger houses when considered on a per square meter 
basis (Fay, Lamb and Holland 2002).  Dwelling size, type and design are all important determinants of 
the amount of energy embodied in a dwelling.  
 
Residential self-selection 
If all determinants of household energy use apart from urban form are accounted for (a formidable 
task), it does not logically follow that any remaining difference is due to variation in urban form (Bhat 
and Guo 2007, p. 510).  To establish if a change in urban form causes a change in travel behaviour, it 
is necessary to investigate the sequence of events.  Such research has been undertaken in Northern 
California, by analysing the travel behaviour of people who moved from ‘suburban’ to ‘traditional’ 
neighbourhoods (Handy, Cao and Mokhtarian 2006).  Moving was found to be associated with 
changed travel behaviour. However, whether households changed their behaviour because they 
moved, or moved so they could drive less, remained uncertain.  
 
Changes in urban form provide the opportunity for changed travel behaviour, but people must be 
willing to adapt their lifestyles for it to actually occur.  What matters is that preferences for minimal 
daily travel by public transport, cycling or walking are combined with a suitable urban environment.  
Environmental attitudes, attitudes about energy conservation, and perceptions of neighbourhood 
safety and amenity all shape travel preferences (see Handy, Cao and Mokhtarian 2005, 2006).  
 
Socio-behavioural household attributes have an important influence, and often vary together with 
differences in the physical environment through the process of residential self-selection.  For example, 
housing affordability limits the choices available to lower-income households.  A household of CBD 
workers may choose to live close to a train station that has an express service, and so on.  In a similar 
fashion, the spatial distribution of domestic energy consumption is also affected by residential self-
selection.  Residential self-selection makes the specific influence of urban structure or form on energy 
use hard to separate from that of socio-behavioural attributes. 
 
Demographic, socio-economic and behavioural influences 
While urban structure, form and dwelling design are important, who lives in them and how they live 
also shapes energy demand.  The influence of socio-economic and behavioural influences means 
opportunities offered by energy-efficient urban form or individual dwellings are often utilised differently.  
Lifestyle choices and behaviours of householders influence travel patterns and how the dwelling is 
used, which in turn shape consumption of automotive fuel, domestic energy and indirect energy.  
 
Other influential socio-economic characteristics include household income, household size and 
structure, household age, education, employment status and dwelling tenure.  These variables directly 
shape daily activity patterns, and are also important because they impact on intermediary variables. 
Income, for example, up to a critical point, is an important determinant of car use and is also a strong 
determinant of car ownership (Perkins 2002, Lenzen, Dey and Foran 2004). 
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Household size is particularly important. Certainly, any household that actively adopts conservation 
practices is likely to reduce its energy demand.  However, household size has a significant and 
influence on energy use.  Living as a group creates an economy of scale around basic household 
functions like heating, cooling, water heating and refrigeration. It also decreases the amount of energy 
embodied in buildings and infrastructure on a per capita basis (Perkins 2002, Troy et al. 2003, Pullen 
et al. 2006).  Sharing activities such as cooking, travel and entertainment further adds to these 
efficiencies.  As a result, on a per capita basis, larger households tend to demand less energy and 
trigger less greenhouse emissions than smaller households (Perkins 2002, Lenzen, Dey and Foran 
2004, Myors, O’Leary and Helstroom 2005).  
 
Influences on the total energy demands of urban living 
Energy consumed directly in the form of automotive fuel, electricity and gas accounts for about 30% of 
the total amount of energy needed for the average Australian household to go about its daily activities 
(Lenzen 1998).  The remaining 70% is consumed indirectly.  Energy embodied in dwellings and 
housing and transport infrastructure accounts for part of this, approximately 30% of the total.  Energy 
used to produce and distribute the other goods and services households demand accounts for the 
remaining 40% (Lenzen, Dey and Foran 2004, p. 387).  
 
Several recent studies attempt to investigate parts of household energy use that are usually studied 
separately.  For example, Pullen et al. (2006) examine use of electricity and gas together with energy 
embodied in buildings and infrastructure in their study of 12 Sydney suburbs.  Perkins’ (2002) work 
extended a similar scope in comparing two Adelaide suburbs.  Holden and Norland (2005) examine 
domestic energy use together with energy use for transport.  However, the picture of the energy 
demands of urban living is incomplete unless all demands are considered. 
 
A small but growing body of research uses household expenditure data to calculate the total energy 
demands of households.  These studies have revealed variation across Australian metropolises 
(Lenzen, Dey and Foran 2004, Foran 2006, ACF 2007).  In Sydney, for instance, per capita energy 
demands in inner and northern areas are up to double those of outer and southern areas.  This largely 
reflects variation in income, household size and household age across Sydney.  Wealthier 
households, with fewer and older members demand more energy.  The density of development is also 
a statistically important influence, but its influence mitigates the stronger affect of income, household 
size and household age: areas characterised by lower density development (outer, western areas) use 
more automotive fuel.  The density of development also partly reflects urban structure variables, 
particularly the location of road and rail networks, and it is likely urban structure rather than the density 
of development alone which influences automotive fuel use.  
 
4. The influence of density on household energy demand  
As urban consolidation is justified partly on the basis that it improves energy efficiency, it is reasonable 
to expect there to be strong and convincing evidence about its advantages.  Further, because it is the 
main change in the nature of urban form in Australia now underway, there is an imperative to 
understand how it affects energy demand.  This section considers the specific influence of residential 
density on the energy demands of urban living, and finds that evidence is mixed and partial.  
 
Density and energy use for travel 
In relation to household automotive fuel use, evidence about whether any differences can be attributed 
specifically to variation in density is mixed.  For example, in a study of Nordic towns, energy use for 
household transportation was found to be lower in areas of higher population density, particularly in 
areas close to town centres (Naess et al. 1996).  Japanese research has shown population density to 
be the most important explanatory variable for petrol consumption at the neighbourhood scale 
(Taniguchi and Ikeda 2005).  A study of residential areas in Oslo, however, found residential density to 
have no bearing on everyday energy requirements for transport.  Instead, the important factors were 
distance to the CBD and distance to local sub-centre (Holden and Norland 2005).  So, while in many 
instances lower automotive fuel use is associated with higher residential densities, its influence is hard 
to separate from other variations in urban form and urban structure.  
 
In Australia, available evidence falls short of demonstrating that changes in residential density leads to 
changed travel behaviour.  A comparison of commuting patterns in areas of urban consolidation with 
unchanged areas in Melbourne illustrates how tenuous the ‘density up, energy use down’ equation is 
(Hodgetts 2004).  Across areas of consolidation, use of public transport was slightly lower and car use 
similar to unchanged areas.  Levels of walking and cycling were highly variable.  The study concluded 
that: 
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[S]uch a mixture of results indicates that the compact city and particularly urban 
consolidation as practiced in Melbourne has not produced the benign travel pattern 
outcomes that these policies purport to encourage (Hodgetts 2004, p. 105). 

 
Evidence about the influence of residential density on extra-urban travel is largely missing from the 
analysis.  
 
The relationship between residential density and energy use for travel has been extensively 
discussed.  However, empirical evidence is inconclusive, constrained mostly to analyses of commuting 
travel, and limited in the Australian context.  Christoff and Low’s (2000, p. 254) observation that ‘… it 
has never been established that residential densities per se reduce the consumption of energy or 
greenhouse emissions resulting from travel behaviour’ remains valid.  If planning policy aims to reduce 
energy-use for transport through encouraging urban consolidation, understanding whether residential 
density has a causal influence is vital.  This remains unresolved. 
 
Density and domestic energy use 
Selective reporting of available evidence supports the notion that higher-density living is associated 
with reduced domestic energy use.  For example, the IPART (2004) study of households in Sydney, 
the Blue Mountains and Illawarra found that those living in detached dwellings used 74% more 
electricity than households in multi-unit dwellings (IPART 2004, p. 11).  In other studies, households 
living in detached dwellings have been found to use more energy (South Australia, Oliphant 2003) and 
produce more greenhouse emissions (South Sydney, SSROC 2005) than their counterparts in 
attached dwellings.  In Adelaide, households in a lower-density outer suburb were found to use more 
electricity and gas than residents of a higher-density inner city area (Perkins 2002, p. 326).  
 
However, the influence of higher-density living on energy demand is more complex than this picture 
suggests.  It changes dramatically when considered on a per capita basis. For example, in the IPART 
(2004) study households living in detached dwellings used only 18% more per capita than those in 
multi-unit dwellings. Another Sydney study found people living in apartments produced substantially 
more greenhouse emissions than those in detached houses on a per capita basis (Myors, O’Leary and 
Helstroom 2005).  Those living in high-rise apartments produced almost twice that of those in 
detached houses (5.4t/cap/yr compared with 2.9t/cap/yr). Occupants of townhouses and villas 
compared even more favourably (2.1t/cap/yr). 
 
Specific design characteristics also strongly influence energy use, perhaps more so than dwelling type 
or density.  Though the question of designing dwellings for energy efficiency is a technical one, the 
specific influence of density is important only in as much as it provides or constrains design 
opportunities.  It also depends on what type of households occupy dwellings, their activities and the 
appliances they own (Oliphant 2003).  In assessing evidence on direct operational energy use for 
housing, Holloway and Bunker (2006, p. 115) conclude that ‘… there is little we know about energy 
use and greenhouse gas emissions at the estate or small-area level’.  Improved understanding 
requires overcoming methodological problems and understanding the influence of all possible 
explanatory variables.  
 
Density and energy embodied in buildings and infrastructure 
Australian architects and building scientists have lead research into energy embodied in different 
types of urban form.  Influences on embodied energy are somewhat easier to identify than those on 
travel and domestic energy use.  They are of a more technical nature.  Some evidence suggests that 
higher density areas contain less embodied energy per household than lower density areas.  For 
example, energy embodied in buildings, infrastructure and private vehicles was found to be lower in 
higher density areas in Adelaide on a per dwelling basis (Troy et al. 2003).  Perkins’ (2002) 
comparison of two Adelaide suburbs showed that Norwood (an inner, higher density suburb) had 
lower embodied energy in housing, infrastructure and private vehicles than Seaford (an outer, lower 
density suburb).  A study of energy embodied in housing and infrastructure in 12 areas of Sydney 
found that those dominated by detached dwellings, particularly two-storey detached dwellings, had the 
highest embodied energy (Pullen et al. 2006).  However, these results change dramatically when 
considered on a per capita basis, and dwelling size has been found to be a stronger determinant than 
density.  
 
Density and the total energy demands of urban living 
Evidence about the relationship between residential density and energy-efficiency is not 
comprehensive.  It focuses primarily on demand for automotive fuel use, electricity and gas, with some 
research considering the impact on embodied energy in housing and infrastructure.  These account for 
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only part of household energy demand.  Analysis of total household energy demand (direct energy use 
and energy used indirectly to produce goods and services) is needed for an accurate understanding of 
household energy demand. 
 
While density is statistically significant in explaining the spatial distribution of household energy 
demand across Australian cities, its importance is overwhelmed by the influence of household income, 
size and age.  This is illustrated by the case of Sydney (Lenzen, Dey and Foran 2004).  Outer, 
western areas characterised by lower density development have lower overall energy demands (they 
are mostly larger, younger households on lower incomes), but use more automotive fuel.  Inner, 
northern areas characterised by higher density development have higher overall energy demands 
(they are mostly smaller, older households on higher incomes), but use less automotive fuel.  The 
spatial distribution of automotive fuel use is almost an exact mirror image of that of total energy 
demands.  And, the importance of automotive fuel use pales when compared to total household 
energy demands. 
 
In Sydney, the aggregate relationship between total energy demand and the density of development is 
‘density up, energy use up’.  A simplistic policy interpretation of this pattern would have urban planners 
trying to decrease densities.  However, there is no simple, linear relationship between density and 
energy demand in either direction.  The reality is complex and messy.  What is important is that 
considerations of urban energy demand are not limited to automotive fuel use, or domestic energy 
use, or to the energy embodied in infrastructure (or to any combination of these).  Total energy 
demands must be considered.  Policy based on less risks being ineffective and inequitable.  
 
5. What role for planning?  

 
If urban consolidation, primarily launched in the name of the environment, is so bleedingly 
obvious (that I shouldn't even be asking the question), then where is the study with the 
numbers to prove it? (Salt 2001, p. 56).  

 
As shown in this paper, there isn’t one.  However, this does not provide a rationale for abandoning 
urban containment and consolidation (a solution suggested by Salt, and also by Alan Moran of the 
Institute of Public Affairs, see Moran 2006).  As urban centres and their demand for energy, water and 
other materials grow and place increasing pressure on surrounding ecosystems, there is every reason 
to proceed with caution. 
 
The dilemma of missing evidence about the energy-efficiency virtues of urban consolidation is 
precisely why a bolder, stronger role for planning is needed. Existing work suggests that a 
combination of urban structure and form features – that would exist if the compact city model were 
implemented fully – may facilitate changes in household activities that would in turn ease increasing 
household energy demand. There is a role for planning in implementing the full compact city model in 
an informed, case and context specific manner (as recommended by Frey 1999, p. 31). This role could 
include incorporating thorough energy assessment into decision-making, actively encouraging the 
development of residential areas that are conducive to energy-efficient lifestyles, and looking beyond 
physical influences on energy demand for policy solutions.  
 
Thorough energy assessment in decision-making 
Any attempt to make urban living more energy-efficient needs to be informed by thorough assessment 
of energy demand.  Techniques exist for quantifying and mapping full energy demands, as illustrated 
by the Lenzen, Dey and Foran (2004) study of Sydney.  More knowledge about how and why energy 
demand varies across urban areas is needed, and this is perhaps best gained through rich, descriptive 
research that acknowledges the full range of influences on energy demand (e.g. of the kind broached 
by Randolph and Troy 2007).  However, basic understanding of how energy demand is distributed can 
already provide an input for making planning and policy decisions that are equitable and effective.  
 
On a smaller scale, life-cycle energy impacts of specific planning policies or land-use changes could 
be assessed.  This could relate to the evaluation of different urban form alternatives, or to assessing 
individual developments (see Troy et al. 2003, Pullen 2007).  Attempts have been made to assess 
embodied and operational energy use relating to housing and transport together (e.g. Perkins 2002).  
There are also possibilities for estimating, mapping and predicting energy demand across the city 
using secondary data (e.g. building registers, travel survey data and socio-economic information) and 
incorporating this into the development assessment process (see Pullen 2007).  
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Developing residential areas conducive to energy-efficient lifestyles 
Though changes to physical urban form may not be the most effective way to improve energy-
efficiency, new residential areas continue to be developed in Australian cities.  It is important to 
consider energy-efficiency standards as development proceeds.  To improve opportunities for energy 
efficiency in areas of urban consolidation, provisions for infill and small-lot development could be tied 
in more closely with urban containment provisions and the development of activity centres.  Energy-
efficient design could be further institutionalised through building codes (there has already been some 
progress towards this).  Building codes could be extended to the regulation of car-parking spaces and 
bicycle and walking facilities, and potentially to the regulation of dwelling size.  Alternatively, generous 
incentives could discourage the development of large dwellings.  These measures would act to 
promote the full compact city agenda rather than facilitate dispersed and market-driven urban 
consolidation.  
 
A greater amount of urban consolidation could consist of positive planning initiatives such as strategic 
redevelopment.  Strategic redevelopment could encourage linkages between new and existing 
residential areas, activity centres and transit (through, for example, transit-oriented developments and 
urban renewal projects).  Significant public investment could help this work by ensuring land 
availability (buying sites, assembling land), developing transit systems before construction begins, and 
developing model projects.  Other urban design strategies, such as improvement of public transport 
services to suburban destinations, priority access for public transport, speed limits, parking restrictions 
and car sharing could be usefully combined in new and existing residential urban areas (Perkins and 
Hamnett 2005).  
 
The physical urban environment provides opportunities for reduced energy use, but households must 
be willing to adapt their lifestyles for energy savings to actually occur.  This is a major barrier for 
planning strategies that attempt to reduce energy use through adapting urban form.  However, there is 
a clear role for planning in providing residential dwellings where people have the opportunity to lead 
less energy-intensive lifestyles.  If such dwellings are more expensive to build because of alternative 
construction techniques, high initial construction costs, or less optimal returns for investors, the market 
may undersupply them.  Planning has a role to step in and provide these dwellings.  
 
Non-planning policy 
Urban planning policy can only be part of a successful approach to managing the energy demands of 
urban living.  Forster 2006 (p. 173), points to Dodson’s (2005) warning of the perils of turning to 
planning to cure social woes: 
 

[U]rban planning policies can do little to address issues of poverty that have deeper 
social and economic causes. But the consequences of the changing spatial patterns of 
poverty and inequality still need to be better understood.  

 
The same can be said for turning to planning to lessen energy demands.  While planning may facilitate 
or constrain energy savings, it cannot mitigate the effects of incorrect energy prices or increasing 
affluence.  For this reason, the changing spatial patterns of energy demand need to be understood, 
and then managed through a combination of urban planning policies and other non-planning policy.  
 
Perhaps the single most effective policy would be an increase in energy price. This would change 
demand for energy consumed directly (petrol, electricity) and also the price of goods and services that 
are energy intensive (international travel, imported food). Differentiated pricing/energy taxes could 
help alleviate equity concerns (Randolph and Troy 2007). Other supply-side policies (like improved 
production efficiency) and technical demand-side policies (like energy-efficient building) could be 
complimented with information and education programs and economic incentives to target change in 
household behaviour.  
 
Further, planning could support other policy aimed at energy-efficiency. For example, building codes 
could require smart meters to be installed in new developments, providing households access to the 
steady flow of information needed to implement a system of domestic energy pricing where cost 
changes according to time of day and peak demand. Embodied energy analyses conducted as part of 
the development assessment process could be linked with development subsidies or a differentiated 
stamp duty or rates system. Planning policy can take a broader approach to managing urban energy 
demands, and can usefully be applied together with non-planning policy measures. 
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6. Conclusion  
There is a consensus emerging around the concept of a multi-nucleated compact city as a model for 
urban energy-efficiency, and this (together with its other virtues) is reflected in the shared 
‘containment-consolidation-centres’ approach of current Australian metropolitan plans.  However, 
development in Australian cities does not reflect this vision.  Instead, it is characterised by dispersed 
urban consolidation, often comprised of inefficient dwellings.  There is no evidence that this approach 
to consolidation can reduce household energy demand.  Indeed, when patterns of total household 
energy demand are considered, high development densities are associated with high levels of energy 
use.  
 
Randolph and Troy (2007, p. 19) explain the policy consequences of this finding:  
 

[This challenges] urban growth management policies being pursued by the state governments 
across Australia that take it as given that higher density urban renewal will deliver distinctive 
benefits in terms of environmental sustainability goals, an assumption mirrored by other 
metropolitan strategies.  

 
Consolidation may offer opportunities for reduced energy demand when combined with changes in 
urban structure and design. If such opportunities are to be realised, bold urban planning measures are 
required.  Still, urban form changes slowly, and climate change and energy dependency are urgent 
issues. 
 
For this reason, planning measures could usefully be combined with economic, regulatory and 
educational policies to manage the energy demands of urban living.  These need to be considered 
within a comprehensive policy approach that stretches beyond urban planning and across government 
departments, levels of government, industry and communities.  It may be that changes to urban form 
and structure required to facilitate reduced household energy demand do not suit the short-term 
motivations of government to save on the financial costs of infrastructure provision, or the construction 
ambitions of developers.  Considering the role of planning and other public policy in managing the 
energy demands of urban living may also involve questioning the ultimate population limits of our 
metropolitan centres.  These are confronting and problematic, but very necessary, considerations. 
Bold and anticipatory planning policy can help manage the energy demands of urban living, and be 
most effective when combined with other policy measures. 
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