
 
 
 
 

The Spatial Representation of Embodied Energy of 
Residential Areas in the Urban Environment 

_________________________________________ 
 
 
 
 
 
 
 
 

by 
Stephen Frederick Pullen 

 
 
 
 
 
 
 
 
 
 
 
 
 

A thesis submitted to The University of Adelaide in fulfillment 
of the requirements for the degree of Doctor of Philosophy 

 
 

School of Architecture, Landscape Architecture and Urban Design 
 
 

October 2007 
 
 



 i

Table of Contents 
 
Chapter headings and sub headings       i 
Abstract          iii 
Papers published from this research       iv 
Signed Statement         v 
Acknowledgements         vi 
List of tables          vii 
List of figures          viii 
List of appendices         x 
Glossary of terms         xi 
 
Chapter 1 Outline of Thesis       1 

1.1 Introduction        1 
1.2 Background        1 
1.3 Problem statement       5 
1.4 Hypothesis        6 
1.5 Overall aim of research      6 
1.6 Objectives of research       6 
1.7 Methodology        7 
1.8 Structure of the thesis       10 

 
Chapter 2 Review of Literature       12 

2.1 Introduction        12 
2.2 The case for minimising overall energy consumption  12 
2.3 The built form and energy consumption    20 
2.4 The significance of embodied energy     24 
2.5 Knowledge gaps       32 
2.6 Representation of energy consumption in the urban environment  33 
2.7 Summary         35 

 
Chapter 3 Embodied Energy       37 

3.1 Introduction        37 
3.2 Background        37 
3.3 Methods for deriving embodied energy coefficients   38 
3.4 Derivation of embodied energy coefficients used in this research 47 
3.5 Comparison with other researchers     56 
3.6 Summary        62 

 
Chapter 4 Estimation of the embodied energy of houses in the Adelaide 

metropolitan area       63 
4.1 Introduction        63  
4.2 State property valuation register     63 
4.3 Derivation of embodied energy     65 
4.4 Rules for estimating embodied energy    66 
4.5 Default combinations of construction features   73 
4.6 Disaggregation of property valuation register into building type 77 
4.7 Estimation of embodied energy of single storey detached houses 79 
4.8 Presentation of embodied energy in ArcView GIS 3.3  80 
4.9 Associated greenhouse gas emissions     82 
4.10 Estimation of embodied emissions of houses    83 
4.11 Considerations of the embodied energy of infrastructure  85 
4.12 Summary        87 



 ii

 
Chapter 5 Spatial representation of results     88 

5.1 Introduction        88 
5.2 Predominance of houses in the built form of Adelaide  88 
5.3 Age distribution of single storey houses    91 
5.4 Embodied energy of single storey detached houses   93 
5.5 Spatial depiction of the embodied energy of single storey houses 94 
5.6 As-built embodied energy maps     96 
5.7 As-built embodied emissions map     101  
5.8 Embodied energy with maintenance map    104  
5.9 Embodied energy of roads      106 
5.10 Life cycle energy of houses      107 
5.11 Verification and error assessment     112 
5.12 Summary        116 

 
Chapter 6 Case study 1 – An alternative urban centre   117 

6.1 Introduction        117 
6.2 Background        118 
6.3 Estimating the embodied energy of dwellings and infrastructure 121 
6.4 Results of analysis       126 
6.5 Life cycle energy consumption     131 
6.6 Discussion        134 
6.7 Applying the model to an alternative case study   136 
6.8 Summary        138 

 
Chapter 7 Case study 2 – CBD apartments in Adelaide   140 

7.1 Introduction        140 
7.2 Background to the research on energy consumption of apartments 141 
7.3 Information on the apartment buildings    141 
7.4 As-built embodied energy of apartment buildings   143 
7.5 Life cycle energy of apartment buildings    146 
7.6 Comparison with single storey houses    148 
7.7 Process of spatially representing buildings other than houses 150 
7.8 Summary        152 
 

Chapter 8 Case study 3 – Redevelopment of an older established suburb 154 
8.1 Introduction        154 
8.2 Background to the redevelopment of an older established suburb 154 
8.3 Case study of the redevelopment of an older established suburb 163 
8.4 Discussion of results       173 
8.5 Additional sunk embodied energy     176 
8.6 Sufficient accuracy       177 
8.7 Summary        179 

 
Chapter 9 Summary and Conclusions      181 

9.1 Introduction        181 
9.2 Summary        181 
9.3 Conclusions        189 
9.4 Recommendations for further research    190 
 

References          193 
Appendices          208 
CD Rom  Spatial representation of embodied energy data in the Adelaide 

metropolitan area (for use with ArcView 3.3 software)    Removed 



 iii

Abstract 
 
The motivation for the research described in this thesis is the imperative to minimise 
energy consumption of buildings in the urban environment.  A comprehensive approach to 
analysing energy usage involves the whole life cycle of buildings and infrastructure 
including embodied energy consumption.  Embodied energy represents all of the energy 
consumed in the production of building materials and components, as well as the energy 
used to assemble them into the built form. This thesis describes the development and 
application of a model which spatially depicts embodied energy as a basis for undertaking 
more holistic analyses of urban energy consumption.    
 
The need for comprehensive analyses of energy consumption is initially explored.  Such 
analyses would enable more favourable energy outcomes to be achieved when making 
decisions about urban planning and development.  Research on the value of representing 
energy usage in a spatial format is reviewed and the case is made for modelling the 
embodied energy as a contribution to the broader understanding of urban energy 
consumption.  This thesis concentrates on residential areas of the urban environment. 
 
The model for spatially representing the embodied energy consumption of residential areas 
has three components which are embodied energy theory, property register data and 
geographical information software.  A methodology is described which commences with 
hybrid embodied energy coefficients, integrates these with property register data for a 
metropolitan area and displays the results using GIS techniques in the form of maps.  The 
model is general but developed using information pertaining to the Adelaide metropolitan 
area and tested using data from both Adelaide and Sydney.   
 
To show that the model can usefully contribute to life cycle energy analyses in the urban 
environment, it is applied to three case studies involving current urban planning issues 
involving the densification of dwellings in cities and the redevelopment of older residential 
areas.  These show that such analyses can represent embodied energy spatially and with 
sufficient accuracy to inform urban planning and development decisions aimed at reducing 
overall energy usage. 
 
In summary, the research has extended knowledge on the embodied energy of the built 
form by focusing on residential areas which include urban infrastructure rather than just 
individual buildings.  It has provided new insights into the significance of embodied 
energy of the existing built form by considering it as a ‘sunk cost’ which may be partially 
recovered and form part of the energy flows in the urban environment.  The mapping of 
embodied energy of the existing built form also offers the potential for quantifying 
resources which can be re-used to modify total energy consumption of new developments. 
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