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Abstract 

Anthropogenic climate change poses a significant threat to the planet’s natural ecosystems on 

which human civilisation depends. Since industrialisation, society has relied on the burning of 

fossil fuels to supply human settlements with energy. To avoid severe climate change impacts 

requires: a transformation in the energy supply mix, together with a step-change in energy 

efficiency of technologies and change in energy consumption behaviours. Yet little is known 

about the tensions that these necessary changes may provoke. This research is motivated by the 

need to understand these tensions that arise from action to address sustainable development 

concerns. 

Urban consolidation is hypothesised as one form of action which has the potential to address 

sustainable development concerns through the influence of built environment on energy 

consumption. For instance, spread-out cities mean energy distribution networks have to cover 

longer distances (and hence consume more energy), while compacter cities based on high-rise 

buildings mean fewer opportunities to use solar photovoltaics for energy supply. Research efforts 

directed towards understanding such tensions place urban planning theory and practice at a 

crossroads with: a long-standing literature on energy consumption, emerging evidence on 

society’s transition to renewable energy, and thriving debates on the principles/norms upon which 

just societies are governed. The tensions which may arise among these domains of inquiry remain 

under-researched in the scientific literature. The purpose of this thesis is, through a series of 

related essays, to redress this gap and uncover the tensions between urban life, disadvantage, 

energy consumption, and the transition to renewable energy for Australian households.  

To undertake this investigation a number of different data sources are drawn on. This thesis takes 

advantage of two nation-wide surveys: the Household, Income, and Labour Dynamics in Australia 

(HILDA) Survey, and the Household Energy Consumption Survey. Furthermore, this thesis uses 

administrative data on the installation of photovoltaics from the Australian Photovoltaic Institute, 

in addition to several other datasets readily available from the Australian Bureau of Statistics. 

This data is prepared using Geographic Information Systems (GIS) software (ArcGIS 10.4.1) and 

a statistical software package (Stata/SE 14.2). A range of micro-econometric techniques were 

applied to reveal new insights. 

In the main this thesis: (1) highlights the presence of mechanisms in urban areas which can have 

an impact on the amount of energy consumed and on the number of energy saving actions 

undertaken; (2) shows the connection between the built environment and fuel poverty and how it 
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may be moderated by financial disadvantage; (3) compiles a unique dataset for feed-in tariff 

policies throughout Australia’s States and Territories over time; and (4) approximates the short-

run and long-run causal impacts of the built environment and feed-in tariffs on solar photovoltaic 

technology installations. 

The findings of this thesis draw attention to the more nuanced role of the built environment in 

energy consumption and the disparity in opportunity that disadvantaged groups confront and their 

potential to create energy injustice. In this respect, this thesis provides a distinct contribution to 

the existing stock of knowledge. Moreover, this thesis also informs further research to build on 

and extend these findings. Finally, this thesis also serves to support energy and land-use policy 

debates and decisions as they relate to the tensions between urban life, disadvantage, energy 

consumption, and the transition to renewable energy. 

JEL Classification: I32; Q41; Q42; R2; R20; R23; R28 

Keywords: Cities; Energy; Energy justice; Geographic Information Systems (GIS); Household, 

Income and Labour Dynamics in Australia (HILDA) Survey; Renewable energy 
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Chapter 1. Introduction 
  



2 

1.1 Introduction 
In the era of the Anthropocene, cities represent the dominant form in which society is organised 

(Crutzen and Stoermer 2000). A vast and growing proportion of the world’s population is located 

in cities (Grimm et al. 2008) and in 2015, the urban population represented 54% of the total global 

population (United Nations World Urbanization Prospects 2017). Further, while cities are the 

source of approximately 81% of the world’s total Gross Domestic Product (Global Energy 

Assessment 2012c) they are also responsible for 75% of the world’s final energy use 

(International Energy Agency 2008, Global Energy Assessment 2012c). Correspondingly, 

through direct and indirect processes cities explain an estimated 80% of the world’s greenhouse 

gas emissions (Zoellick 2011). Despite this, instead of cities de-carbonising and de-materialising, 

the opposite is the case: the level of resources consumed by the world’s largest cities continues to 

rise (Kennedy et al. 2007).1 In the face of these escalating global pressures increasingly urgent 

change is required in order to stave off the worst impacts of anthropogenic climate change. 

Despite the clear economic synergies within cities which perpetuate their growth (Glaeser 2012, 

Global Energy Assessment 2012c, Seto et al. 2012, Fisk 2013), their ongoing dependence on 

fossil fuel based materials can have deleterious implications for the environment, performing a 

significant role in explaining emissions (Creutzig et al. 2016). However, our knowledge of the 

mechanisms operating within cities is growing (Bettencourt et al. 2007, Keirstead et al. 2012, Fisk 

2013) and harnessing and extending this knowledge should help to facilitate  transformation of 

the energy system in cities (Owens 1986a, McCollum et al. 2013, Creutzig et al. 2014). 

At present cities drive a constant flow of materials such as water, energy, food or construction 

materials in and out of their administrative boundaries, independent of whether or not they are 

growing or have reached a steady-state (Kennedy and Hoornweg 2012, Ferrao and Fernandez 

2013, Fisk 2013). Further, fossil fuel flows likely represent a significant proportion (40%-50%) 

of these mass flows, as they do for developed economies more broadly (Matthews et al. 2000). In 

addition, given that developed nations can waste more than half of the energy transformed for use 

in the economy, there is extraordinary scope for developed nations to achieve substantial energy 

savings (Yatchew 2014). A poignant, yet simple rationale for changing society’s energy systems 

follows from Matthews and colleagues’ statement that: “…modern industrial economies, no 

matter how high-tech, are carbon-based economies, and their predominant activity is burning 

material.” (Matthews et al. 2000, p. 23). For these reasons, a global transition to sustainability is 

essential and increasingly feasible (Brundtland 1987, Garnaut 2008). 

1 In terms of water (tonnes/capita), primary and direct energy (GJ/capita), air pollutants, volatile organic compounds 
and particulate matter (tonnes/capita) 



3 
 

A transformation of the world’s energy systems to include renewable (clean) sources is a 

necessary prerequisite to achieving sustainability (Dhakal et al. 2008). Throughout the world there 

is evidence of this transition occurring. In 2012, a third of the additional power capacity installed 

globally was from renewable sources, and these sources overall accounted for 17% of global 

primary energy supply. Although hydroelectricity dominates among the renewable energy 

sources,2 newer technologies such as solar are increasingly recognised to yield attractive returns. 

As a result, these newer technologies are expected to continue to see the fastest growth to 2040 

in the International Energy Agency main scenario (International Energy Agency 2016). As 

renewable technology continues to develop, the diversity of financial instruments to facilitate its 

uptake is expected to increase and its diffusion is expected to continue (Global Energy 

Assessment 2012b).  

Cities are not only critical to finding solutions to sustainable development problems (Satterthwaite 

1997);  governance frameworks in cities are also integral to implementing them effectively. Local 

scale action, through local governments, can directly and indirectly influence factors (e.g. energy 

use in buildings) which determine global energy consumption and greenhouse gas emissions 

(Dodman 2009, Global Energy Assessment 2012b). Recognising this, there has been a growing 

appreciation of the importance of decision-making frameworks to address the lock-in effects of a 

city’s physical structure which shapes energy demand and greenhouse gases emissions (Lee 2016). 

This acknowledgement (and subsequent action) both implicitly and explicitly contributes to 

addressing climate change and global sustainability goals (Kates et al. 1998, Hunt 2004, Bulkeley 

and Betsill 2005, Bai et al. 2010).3  

Local or regional factors associated with policy, society, the economy, the physical structure and 

technological characteristics of a place (among others factors) are likely to facilitate or constrain 

the adoption of technologies and other structural changes that can reduce the environmental 

footprint of cities. However, causal relationships between these factors are difficult to establish 

and hence their impacts in terms of facilitation or constraints are not well understood (Owens 

1986b, Karakaya et al. 2014). This has prompted the Intergovernmental Panel on Climate Change 

(IPCC) to assess the state of knowledge on the drivers of climate change and identify more 

locally-applicable solutions (Lee 2016). Alongside identifying candidate efficacious actions, 

there remains a need to concomitantly address equity and justice concerns for the dwellers in these 

                                                           
2 Out of this global total, biomass, solar, geothermal, wind and ocean sources used for both heat and electricity 
production accounted for 2.6%. 
3 Based on observations of how cities interact globally and how they take explicit action on sustainability issues. 
Specifically, Bulkeley and Betsill (2005) propose a new view of global environmental politics. In this view of 
governance, cities are administered simultaneously at multiple levels, in ‘nested tiers of governance’. Horizontal 
networks (i.e. associations of local governments), such as the Local Governments for Sustainability (ICLEI) and Cities 
for Climate Program (CCP), form a type of governance that can exert influence at local and global levels (Betsill and 
Bulkeley 2002, Bulkeley and Betsill 2005, Betsill and Bulkeley 2006). 
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cities, as “[…] effective policies ultimately derive from values” (Lee 2016). As such, this thesis 

is concerned with how inhabitants of cities may suffer potential negative consequences from 

transformational changes in cities’ built environment and energy systems. In other words, this 

thesis is researching circumstances in which an environmental norm can be pursued to the 

potential detriment of a social norm in terms of “rights to an essential service” (Haines and 

McConnell 2016).4  

Factors plausibly related to a household's capacity to reduce their energy consumption include: 

government policy, a household’s socioeconomic circumstances, physical environmental factors 

and a household's capacity to gain and maintain access to renewable energy (del Río and Unruh 

2007, Sovacool 2009, Dong and Wiser 2013, Li and Yi 2014, Gill et al. 2015). There is an ongoing 

debate in the scientific literature regarding the role of the built environment (e.g. compactness) 

on energy consumption processes, yet very little research can be found on the nuanced interplay 

between built environment, energy consumption and disadvantage (Holden and Norland 2005, 

Sadafi et al. 2011, Boardman 2012, Karekezi et al. 2012, Ormandy and Ezratty 2012, Chester 

2013, Stephan and Crawford 2016). Hence, this work defines its focus area as identifying the 

connections between an urban setting, disadvantage, energy consumption and the transition to 

renewable energy for Australian urban households. 

  

                                                           
4 Commercial activity or public buildings can be a significant chunk of a cities’ energy consumption and other 
environmental impacts (e.g. water use, emissions of pollutants), but due to the energy justice concerns, the focus of 
research is on the dwellers of these areas. Transport implications form another distinct concern which can be related to 
businesses' or residents’ activity. Private transport choices and policies to encourage certain forms and technologies 
above others can lead to energy unjust outcomes for some households. That is, the lack of options available to particular 
segments of the population to customise their energy use, may also have future implications in the form of higher 
energy costs (e.g. for gasoline vs an electric car charged by the home renewable energy system). Nonetheless, the 
particular focus in this thesis is on the residential buildings, energy use and availability and affordability of residential 
renewable energy systems as a basis for potential future energy injustices which spread to other areas of household 
activity as detailed in the following sections. 
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1.2 Australia’s changing energy supply and consumption landscape    
Australia has, theoretically, sufficient natural energy resource to enable the nation to be powered 

entirely through renewable energy (Bahadori and Nwaoha 2013), yet the total primary energy 

needs of the country are still mostly met through use of fossil fuels.5 Nonetheless, across the 

whole country the percentage of renewably-sourced energy out of total electricity consumed 

increased from 9% in 2010 to 14% in 2015, with 51% of the increase being due to wind and 44% 

due to solar photovoltaics (PV) (Department of Industry Innovation and Science 2016).6  

Globally, Australia has the highest percentage of households with rooftop photovoltaics out of 

the total number of households, at around 16-17% in 2016 (Finkel 2016). Despite this, the country 

still ranks highly in terms of atmospheric pollution; it has the highest CO2 emissions intensity 

from electricity generation among the 30 OECD countries which are also members of the 

International Energy Agency (International Energy Agency 2018). A large proportion of this 

electricity is distributed via one of the most spread-out electricity grids in the world – the 

Australian National Electricity Market (NEM) – which covers the states of Queensland, New 

South Wales, Victoria, South Australia and Tasmania.7 The reliability requirement of the grid (at 

99.998%) means that while theoretically this grid could be entirely powered by renewable 

resources, in practice there are still a number of technical issues to work through (Elliston et al. 

2013, Heard et al. 2017). A continued process of decarbonisation of the energy supply in Australia, 

though increasing the share of renewables in the grid, will need to take into account how this 

environmental goal will impact on the availability of reliable and affordable energy sources for 

consumers.8 In this sense, Australia represents a compelling case where social norms pertaining 

to energy justice could potentially be eroded in pursuing environmental norms. The focus on 

Australia presents  an opportunity for analysis to pinpoint which factors influence the availability 

of opportunities to customise energy consumption, how particular factors may interact with each 

other (e.g. energy policy with built environment policy) and also to reveal the energy justice 

implications of these effects. 

                                                           
5  Specifically, it is one of only three net energy exporters in the Organisation for Economic Co-operation and 
Development. Moreover, at present Australia and South Africa jointly account for 13% of world coal resources. 
Furthermore, Australia and Indonesia are projected to become the world’s two largest coal exporters by 2035 (Cherp 
et al. 2012, International Energy Agency 2012). 
6 In terms of electricity, the fuel mix in 2015 was mainly reliant on fossil fuels: black coal accounts for 43%, brown 
coal for 20%, natural gas for 21%, renewables for 14% and the remaining amount is sourced from other sources  
(Department of Industry Innovation and Science 2016). 
7 Australia is governed at three levels of government. The top level is the federal one which covers the nation as a 
whole. State governments legislate policy within their own state jurisdictions which comprise 5 states and 2 territories 
(in order of population size): New South Wales, Victoria, Queensland, Western Australia, South Australia, Tasmania, 
the Australian Capital Territory and the Northern Territory. The Australian Capital Territory includes the national 
capital city, Canberra. The next tier of government within the states is at the local level though councils. 
8 The decarbonisation, reliability and affordability of the grid represent a holy grail of Australian energy policy (AGL 
2015, Finkel 2016, AEMC and Climate Change Authority 2017, Energy Network Australia and CSIRO 2017). 
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Growth in the adoption of renewable energy can help address energy security concerns. These 

concerns relate to sovereignty (e.g. dependence on oil imports 9), robustness (e.g. failure of energy 

infrastructure, risks from natural hazards and energy abundance) and resilience (e.g. unpredictable 

changes in regulation, market volatility and variations in climate) (Cherp and Jewell 2011).10 

These strategic issues are amplified by the combination of a relatively small Australian population 

(25 million) being distributed over a large surface area (7.66 million square kilometres) 

(Australian Bureau of Statistics 2018b, Geoscience Australia 2018). The national settlement 

pattern has created one of the world’s thinnest electricity grids and an attendant vulnerability to 

blackouts under extreme natural events (Haidar et al. 2015, King et al. 2016).11 Despite voltage 

variation concerns, renewable energy sources, such as rooftop PVs with battery storage, are one 

means by which these voltage variation and energy security concerns may be addressed (even 

replacing grid-access in some remote areas) (Kabir et al. 2014, Heard et al. 2017). At the same 

time, these alternative sources of energy can also be expected to reduce energy bill shock (for 

households where they are installed) and mitigate climate impacts.12 The spread of renewable 

energy technology also increases reliance on self-supplied wind, solar, and other resources. 

Further, the spread of renewable energy technology and the modification of the grid to 

accommodate renewable energy solutions contributes positively by updating an already aged 

energy infrastructure which would otherwise suffer from its own rising maintenance costs (Cherp 

                                                           
9 One mechanism to reduce oil dependence is through the adoption of electric vehicles. Charging an electric car from 
the grid, can be challenging for the grid as one vehicle can be equivalent to adding 1-20 households to the grid 
depending on the type of car (Vector 2018). If more households have sufficient renewable energy capacity to cover 
their energy needs for the home and electric vehicles, this can reduce dependence on fossil fuels and reduce stress on 
the grid from electric vehicles (AEMO and Energeia 2016). 
10 “Energy security under sustainable energy transitions will be determined by the dynamics of phasing out fossil fuels 
and their substitution by new energy sources, as well as by new technologies in the end-use sector.” (Cherp et al. 2012, 
p. 328, Riahi et al. 2012). In this sense energy governance is intimately intertwined with energy security issues in the 
energy transition to a low carbon society (Goldthau and Sovacool 2012). 
“We believe that energy security in a longer-term future will largely depend on policy choices and may unfold in the 
context of radical energy transitions. If these policy choices are guided by economic, environmental, and social 
sustainability goals, energy systems may evolve along pathways described in the GEA Scenario (Chapter 17).” (Cherp 
et al. 2012, p. 337, Riahi et al. 2012). 
11 In parts of the Australian electricity grid, in the event of damage to a transmission line, there may not be a backup 
transmission line nearby to allow the supply of electricity, and this can lead to widespread blackouts during extreme 
weather events (e.g. large storms). This type of blackout occurred in the State of South Australia in 2016, which is 
powered to a significant degree by renewable sources of electricity (Mann 2016). In this instance, the government, 
suppliers' and retailers' representatives pointed to the rapidity of the State’s switch from coal-fired and other traditional 
sources to renewables as the cause of this loss of reliability in the system: the Prime Minister of Australia stated the 
targets were “extremely aggressive, extremely unrealistic, and have paid little or no attention to energy security” (King 
et al. 2016). Subsequent discussion in the media about the causes appears to show that disruption might not have been 
prevented even with a back-up coal-fired power plant in operation. In brief, it has subsequently been argued that the 
renewable energy transition cannot be blamed for the blackout (King et al. 2016). Nevertheless, this situation epitomises 
the tensions between energy security, governance and climate change. Early assessment of the blackout in South 
Australia by the Federal Government points to the need to reform the National Electricity Market to go beyond covering 
costs of electricity sold to the grid; to ensure reliability and security of supply at particular times (Department of the 
Environment and Energy 2016). 
12 Household electricity bills have increased by 60% (adjusted for inflation) between financial years 2008-09 to 2012-
13, and per kWh prices are higher than the OECD average (purchasing power parity adjusted) (Department of the 
Environment and Energy 2016). 
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et al. 2012, Bahadori and Nwaoha 2013, Kabir et al. 2014, Haidar et al. 2015).13 Additionally, the 

integration of renewable energy technology may be enhanced further through upgrades to the 

electricity network and/or enabling the transition to a form of smart grid that is better able to 

ensure grid stability (Haidar et al. 2015, Hua et al. 2016). 

In parallel with the increase in renewable energy use in Australia (Bahadori and Nwaoha 2013, 

Kabir et al. 2014, Haidar et al. 2015, Johnston and Egan 2016), from 2009, a period of decline in 

grid-based electricity consumption has been observed (Nelson 2015). This decrease in 

consumption has been matched by a steady increase in the retail price of electricity – purportedly 

due to electricity grid network costs – with prices projected to further increase under the pressure 

of carbon pricing and peak demand management policies (Graham et al. 2015, Department of the 

Environment and Energy 2016). The reason for this decrease in electricity consumption appears 

to be consumers’ response to increasing retail prices: partly through reduction in energy use; and 

partly through implementation of alternative energy sources technology. These technologies 

include the proliferation of rooftop solar PVs and solar water heating (Saddler 2013, Graham et 

al. 2015, Sandiford et al. 2015). Notwithstanding industry and research interest in factors driving 

changes increases in household renewable energy installation and changes grid electricity 

consumption, several interesting and important effects of the increase in the use of renewables 

are yet to be studied. One particularly important question has not yet been addressed: whether 

changes in support of renewable energy promoted by energy policy (e.g. feed-in tariffs) may lead 

to disadvantage for whole groups of households. 

While residential annual final energy consumption accounts for only about 13% of the national 

total, residential space cooling and heating plays a prominent role in the design and operation of 

the electricity grid because it is a main driver of peak electricity demand and network costs 

(International Energy Agency 2018). Residential space cooling in particular, and the use of 

appliances in general increased  energy intensity in Australia between 2000 – 2015 (Bureau of 

Resources and Energy Economics 2012, International Energy Agency 2018).14 As discussed 

                                                           
13 An International Energy Report notes that reliance on oil imports is a serious issue in developed nations: “[f]or most 
industrial countries, energy insecurity means import dependency and aging infrastructure.” (Cherp et al. 2012, p. 327); 
“Disruptions of oil supplies may thus result in catastrophic effects on such vital functions of modern states as food 
production, medical care, and internal security.” (Cherp et al. 2012, p. 327). Availability of oil resources in Australia 
reached their peak around the year 2000. As national resources drop, a larger share of oil has to be imported, with these 
imports coming from a limited number of countries. Australia imports 85% of its crude oil and 45% of its refined oil 
products, and is projected to maintain high import shares as a proportion of consumption (Cherp et al. 2012, Department 
of Industry Innovation and Science 2016). Although the share of Australian expenditure on oil as a percentage of Gross 
Domestic Product (GDP) has oscillated only between 1-6% of GDP during 1970-2008 (Rosewall et al. 2008), Australia 
remains a country that is quite exposed to oil price hikes as it does not have mandated public stock holding (International 
Energy Agency 2012). 
14 The International Energy Agency does not provide detailed information on these trends, however an older 
governmental report gives an indication of the factors that contributed to this change (Bureau of Resources and Energy 
Economics 2012). Between 1990-2010 households’ average living area has gradually increased from 110m2 to about 
150m2. While efficiency improvements in energy consumption also occurred, these have been mainly due to more 
efficient space heating. These efficiency gains have been offset through increased use of appliances (particularly 



8 

above, increased use of residential renewable technology can reduce total electricity consumption 

from the grid, reduce peak demand (particularly in conjunction with use of battery storage), and 

reduce household energy bills. Yet, this particular avenue for energy consumption reduction 

depends on availability and affordability of renewable energy options for households. Due to the 

nature of the technology itself, rooftop PVs are more amenable to installation on individual houses 

rather than apartment buildings.15 Existing financial incentives to install this technology naturally 

advantage homeowners (installation costs can be offset by reduced electricity bills in the long-

run), but provide no real incentive for landlords to make this technology available to renters (i.e. 

the split-incentive problem) (Wood et al. 2012, Hatvani-Kovacs et al. 2015, Haines and 

McConnell 2016). 

Against a backdrop of increasing electricity prices for households, a passionate policy debate has 

emerged in Australia on the future of the grid and on how to ensure affordable and reliable 

electricity and energy supply (Chester 2013, Department of Industry and Science 2015, Collins 

2016, Department of the Environment and Energy 2017, Grattan 2017, Pears 2017, Holman 2018). 

The Australian energy policy debate is one local example of a global scientific question regarding 

what drives equitable energy justice outcomes, and how to uphold the tenets of energy justice in 

practice in terms of the availability and affordability of energy in the context of a decarbonisation 

and decentralisation process. 

standby power use) and space cooling (Bureau of Resources and Energy Economics 2012, pp. 44-49). That is, while 
individual appliances have become more energy efficient, their use duration and number has increased, leading to more 
energy being consumed overall. 
15 Rooftop solar PVs are the dominant household renewable energy technology in Australia (Australian Bureau of 
Statistics 2018a). 
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1.3 Built environment and energy implications 

Australian cities have a strong potential for reducing their final heating and cooling energy use 

through wider adoption of best practice, state-of-the-art technology and improved building design. 

Appropriate application of these approaches can potentially avoid lock-in into high energy use 

scenarios through a 66% reduction from 2005 levels by 2050 across the whole of the country 

(compared with 46% potential on average worldwide) (Global Energy Assessment 2012a). 

While it is not possible to have net zero-energy buildings for all communities and lifestyles, the 

Global Energy Assessment report highlights that medium- or high-rise developments could have 

energy advantages (Global Energy Assessment 2012a). The Global Energy Assessment report 

also recommends a set of tools (colloquially named as sticks, carrots and ‘tambourines’) to 

facilitate improved energy efficiency through building design.15F

16 A carbon price alone may not be 

enough to increase energy efficiency. 16F

17  However, well-designed and effectively enforced 

building and common area standards (e.g. in shared use areas and for appliances used in buildings) 

are considered to be one of the best options globally (Global Energy Assessment 2012a, Graham 

et al. 2015). Also, changes in the built environment are another pathway through which energy 

savings can be achieved. Such actions taken on a global scale have been suggested as a mechanism 

for achieving adequate thermal comfort worldwide and simultaneously for eliminating fuel 

poverty (Aebischer et al. 2007, Global Energy Assessment 2012a). 

The economies of scale that dense cities offer are thought to lead to decreased energy consumption 

(e.g. through public infrastructure, reduced transmission and reduced distribution losses) (Burton 

2000, Capello and Camagni 2000, Poumanyvong and Kaneko 2010, Gaigné et al. 2012). From 

this perspective, a denser urban form can be expected to lower energy consumption (cf. Holden 

and Norland 2005), and therefore offers some potential for reducing the risk of suffering from 

fuel poverty.17F

18 On the other hand, where the built environment and, in particular a dwelling’s 

energy efficiency, is left wanting, this can increase the incidence of fuel poverty (Boardman 2012). 

In this sense, compact urban development could be advocated as a means of redressing energy 

injustice. This begs the questions: what urban built environment policy should be implemented to 

reduce energy injustice, and do current policies implementations lead to equitable energy and 

social outcomes? 

16 Tambourines are public awareness and engagement policies. 
17 Even a carbon price of more than US$60/tCO2 will require a long period of time to achieve an impact on carbon 
emissions (Global Energy Assessment 2012a). 
18 This is aside from other potential causes or compounding effects that can lead to fuel poverty, namely income, energy 
prices or other pre-existing factors that can lead to this form of disadvantage. 
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1.4 Thesis aim and research question 

This thesis investigates the tensions between urban life, disadvantage, energy consumption and 

the transition to renewable energy for Australian urban households. The aim is to discover 

whether the built environment leads to the cultivation of energy justice in Australia. 

To date, little research effort has been devoted to the tensions between urban life, disadvantage, 

energy consumption and the transition to renewable energy for Australian households (Lehmann 

2008, Hamin and Gurran 2009, Macintosh and Wilkinson 2011, Nelson et al. 2011, Martin and 

Rice 2013, Chester 2014, Haidar et al. 2015, Ren et al. 2016). With respect to the confluence of 

urban form, energy consumption and fuel poverty, it appears that no study has yet considered 

what residential densification of physical urban form may mean for fuel poverty. A series of 

studies point to a connection existing between higher density living and residential energy demand, 

but the evidence is still unclear (Gray and Gleeson 2007, Rickwood et al. 2008). At the same time 

there is a paucity of knowledge on the factors that are best suited to promote changes in energy 

consumption through energy saving behaviours. Further, the drivers of energy saving behaviours 

have yet to be explicitly connected to energy consumption. Neither has the scientific literature yet 

compiled and reviewed the chequered history of feed-in tariff (FiT) policies in Australia for 

residential small-scale photovoltaic installations. In addition, there remains a need for a rigourous 

investigation into the interplay between energy policy, namely FiTs, and urban form on the 

installation of solar rooftop PV in Australia’s capital cities. In addition, it is not yet understood 

whether the outcomes of energy policy to promote renewables have any connection to fuel 

poverty. As such, the thesis sets as its overarching research question: “What are the potential 

consequences of the built environment on energy use and energy justice in Australian cities?” 
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1.5 Research approach 

The studies in this thesis are grounded in quantitative research and adopt empirical research 

designs based on methods of econometric analysis. Econometrics is viewed as a coming together 

of statistics, economic theory and mathematics to explain quantitative relations in modern 

economic life (Frisch 2009, Ogunyinka and Tang 2013). In addressing its overarching research 

question, this thesis takes a postpositivist approach to the method of inquiry (Creswell 2003). This 

perspective drives research on a path of searching for the causes that influence outcomes. The 

research approach usually employed in this perspective, and thus adopted in this thesis, is to begin 

with a theory or a hypothesis and then collect data which enables this theory or hypothesis to be 

tested econometrically. The paradigm is underpinned by a series of key assumptions: although 

the measurement is of an objective reality, knowledge is accepted as being conjectural; initial 

claims can be refined or abandoned based on testing; knowledge is shaped by rational evidence 

and considerations; the goal of research is to obtain true statements which can explain a situation 

or a (causal) relationship; objectiveness is paramount to the method of inquiry (Phillips and 

Burbules 2000, Creswell 2003). Therefore to answer the main research question regarding the 

potential consequences of the built environment on energy use and energy justice in Australian 

cities, this research employs econometric analysis to explore potential causal relationships 

between denser forms of physical built environment, and energy use to elucidate potential energy 

justice implications of urban consolidation. The aim is to discover whether any such relationships 

exist and to quantify their magnitude. 

Exploring all the avenues through which the built environment can impact on energy use is a 

complex task and beyond the scope of one PhD project. This research focuses on the residential 

sector and on finding whether the built environment which sets out to achieve compact urban 

forms has the potential to further promote or hinder just energy outcomes for urban dwellers. 

1.5.1 Research Methods 

To conduct this research, ethical clearance was obtained from Griffith University Human 

Research Ethics Committee (Reference number ENV/24/12/HREC RIMS: 2012/319). Literature 

on the theory of energy justice, the ‘compact city’ ideal and the process of urban consolidation 

was collected from scientific literature repositories accessed through searching via EconLit, 

IDEAS RePEc, Google Scholar, Griffith University and University of Queensland libraries, 

Elsevier Science and ISI Web of Knowledge. First, an understanding of key concepts such as 

energy justice and the compact city is obtained by researching the literature. Then, drawing on 

the synthesis of the literature, econometric analyses of national-scale secondary datasets are used 

to elucidate and quantify how built environment and renewable energy policy impact on energy 

use and energy justice. 
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The data collection methodology relies on secondary data. A considerable number of studies 

focused on the topic of urban consolidation in cities and its energy implications employ qualitative 

or small sample survey based studies.19 Qualitative research tends to build theory, define new 

variables and understand social constructs which may not have been observed on a large scale 

(Payne and Williams 2005, Haq 2015). The challenge is to understand whether these observations 

are applicable to whole populations. Hence, in searching for relationships that can be said to hold 

for Australia’s urban population as a whole through time, rather than collecting primary data via 

interviews to obtain a smaller but richer sample, this project applies quantitative methods to large-

scale datasets. Thus secondary data was sourced from a series of Australian data repositories, such 

as the Australian Bureau of Statistics, the Australian Photovoltaic Institute (APVI), and the 

Household, Income and Labour Dynamics (HILDA) survey data managed by the University of 

Melbourne. The main datasets used in the thesis include: the Household, Income, and Labour 

Dynamics in Australia (HILDA) national survey; the Household Energy Consumption Survey 

(national); and administrative data on the installation of photovoltaics from the Australian 

Photovoltaic Institute. Other datasets, such as income, unemployment and boundaries of 

particular regions are taken from the Australian Bureau of Statistics and from the Australian 

Census. References in the text in the analytical papers note specifically which datasets have been 

used from which sources. The data preparation employed Geographic Information Systems (GIS) 

software (ArcGIS 10.4.1); econometric analysis used a statistical software package (Stata/SE 

14.2). Econometric analyses were carried out in STATA. Details of the micro-econometric 

methods used are included in the results chapters.  

  

                                                           
19 From the Australian context some examples are: Treloar et al. (2000), Troy et al. (2003), Myors et al. (2005), Kennedy 
et al. (2015), Moore et al. (2016). 
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1.6 Structure and content of the thesis 

This thesis is written in accordance with Griffith University guidelines for a PhD dissertation 

submitted as a series of published and unpublished papers. More details regarding Griffith 

University PhD Thesis formatting is provided in Appendix A. The guidelines allow for papers 

that are prepared for journals to be included as such. The papers included can be submitted, under 

review or accepted in peer-reviewed scientific journals or books. Therefore it is possible chapters 

can have different formatting and citations styles. As a consequence of choosing this style of 

thesis presentation, the thesis does not have a separate methodology chapter. Nonetheless, each 

of the journal articles included as separate chapters contains a methodology section, outlining the 

methodologies relevant to the analyses in that paper. This format can result in some repetition 

regarding the material reviewed and the case study description. Noting feedback from the thesis 

examiners, readability of the material has been improved by re-formatting the published articles 

to maintain a consistent style throughout the thesis. The published papers themselves, with their 

original journal-specific formatting, are included as appendices.  

The remainder of the thesis is organised as follows. Chapter 2 reviews the literature situating this 

research in the context of energy justice theory from the perspective of availability and 

affordability of renewable energy against a background of urban consolidation. More specifically, 

the Chapter 2 reviews energy justice as a cross-disciplinary approach to energy research; explores 

the philosophical roots of the energy justice field and develops principles for a framework of 

inquiry into energy justice; addresses the spatial dimension of energy justice; considers 

deprivation and energy deprivation in the Australian context; reviews the compact city living 

debate; and places the consolidation of Australian cities in context. The review positions the 

research within the ‘availability’ and ‘affordability’ core principles of energy justice, and 

highlights spatial and temporal dimensions as two underexplored avenues in the energy justice 

literature. Chapter 3 analyses the relationship between capital city living and direct energy use, 

energy saving behaviours and the availability of household-level solar energy systems. Chapter 4 

focuses on affordability issues in the context of density increase in the built environment. It 

interrogates the relationship over time between potentially fuel poverty, low income and living in 

an area of increasing density. Chapter 5 systematically documents the historical development of 

feed-in tariff policies across Australia. This chapter generates an original longitudinal dataset 

which may be used to study causal inferences about the effectiveness of policy interventions 

(feed-in tariffs). Chapter 5 uses this longitudinal dataset to explore the role of feed-in tariff policy 

with regard to affordability issues by analysing its relationship with the number of disconnections 

from the grid over time. The final analytical chapter, Chapter 6, investigates how availability of 

renewable energy options may be promoted or inhibited by energy and built environment policy 

outcomes. It analyses uptake of rooftop solar photovoltaics in connection to policies that support 
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densifying of the built environment and promote feed-in tariffs policy. Analyses explore the short-

term and long-term implications of these policies. Chapter 7 summarises the findings and their 

limitations reviews the contribution of the thesis to science, discusses the policy implications 

emerging from this research, presents opportunities for further research and delivers a set of 

concluding remarks.  
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2.1 Energy justice: a cross-disciplinary approach to energy research 

Traditionally, energy studies have been overwhelmingly focused on physical science or 

engineering approaches, mostly overlooking social sciences perspectives entirely or drawing 

heavily solely on a neoclassical economics perspective (Sovacool 2014a, Sovacool 2014b, Spreng 

2014). Extending beyond this simple dichotomy, a hierarchical organisation of energy research 

has been put forward comprising of an empirical level, a pragmatic level, a normative level and a 

value level. The empirical level at the base of the hierarchical order of theoretical complexity 

addresses the research question “What exists?” including disciplines within this category of study 

such as physics or astronomy. The pragmatic level seeks to answer the research question, “What 

are we capable of doing?”, including fields such as engineering, architecture, and medicine. The 

normative level addresses the research question, “What is it we want to do?”, including fields 

such as urban and regional planning, politics and the design of social systems. The top level of 

the hierarchy is occupied by the value level disciplines. These disciplines focus on understanding 

“What should we do?”, and draw on, for example, ethics, philosophy and theology. It has been 

argued that energy research requires coordination across all of these hierarchical levels (Max-

Neef 2005, Spreng 2014). 

Conventional energy economics as a science is fundamentally a utilitarian field (e.g. 

Bhattacharyya 2011, Dorsman et al. 2013). It brings to bear different social welfare functions to 

other domains of inquiry such as energy justice. Energy justice embodies issues of social justice 

and includes them in the process of deriving solutions and policy prescriptions (Sovacool et al. 

2016). Energy justice is a research perspective which addresses a gap in energy engineering and 

economics and aims to be both empirical and normative: to create knowledge with regard to the 

problems studied and prescribe solutions (Jenkins et al. 2016). By comparison, planning (urban 

or regional land use, environmental) as a discipline appears to be somewhat value-ambivalent. It  

maintains a disconnect between its practitioners who operate at the normative level and its 

theoreticians operating at the value level (Fainstein and DeFilippis 2015). 1  

When a society aims to pursue the common good, Max-Neef (2005) argues that making ethical 

principles and values explicit in policy is a sine qua non condition of a policy's success. 2 While 

there is a need to redress inequality broadly (Piketty and Goldhammer 2014), as guided by equity 

and justice principles (Kolm 1996, Lamont and Favor 2013), one of the key forms of injustice to 

be addressed relates to energy processes in society (Goldthau and Sovacool 2012, Sovacool et al. 

                                                           
1 “...the devaluing of planning theory by practitioners leaves too much of the decision-making in day-to-day planning 
practice to be based on intuition and instinct.” (Fainstein and DeFilippis 2015, p. 2) 
2“This being so, it should not be surprising that, for example, efforts to overcome poverty tend to fail systematically. 
Contrary to such naïve assumptions, it should instead be obvious that if ethical principles and values that should 
conform a society oriented towards the common good, are not made explicit, no policies coherent with the challenge 
can successfully be designed.” (Max-Neef 2005, p. 9) 
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2013b, Sovacool and Dworkin 2015). Drawing on broader social justice concerns applied in the 

field of energy supply and consumption (Sovacool et al. 2016), energy justice is instrumental in 

guiding explicit research and policy towards its goals which can be broadly summarised as 

identifying (and thus working to prevent) outcomes that are unjust (un-ethical) and inequitable. 

Achievement of energy justice is predicated on a set of principles of production, consumption, 

distribution and procedure and recognition which include reduction of inequality in opportunities 

for access, energy security and sustainability (Walker and Day 2012, Heffron and McCauley 

2014, Fuller and McCauley 2016, Sovacool et al. 2016). Broadly defined, energy justice is a field 

of research in social science  “...which seeks to apply justice principles to energy policy, energy 

production and systems, energy consumption, energy activism, energy security and climate 

change.” (Jenkins et al. 2016, p. 174). 

Interrogating the issue of energy justice necessarily involves a cross-cutting engagement with a 

range of values which are brought to bear on research efforts. In this spirit, in stark contrast to the 

concept of energy justice, conventional energy economics is utilitarian and employs different 

social welfare functions.3 At a very elementary level, energy economics textbooks provide only 

a superficial acknowledgement of equity, disadvantage, and redistribution issues and some 

textbooks seem to express a general scepticism of market failure arguments (e.g. Bhattacharyya 

2011). These sentiments are at odds with the observation that society’s concerns are moving 

beyond a simple utilitarian perspective (Dorsman et al. 2013). Mainstream economics has sought 

to distance itself from moral questions and characterises itself as a ‘value-free’ science (Mongin 

2006, Hausman 2012, Lawson 2015). This is a troubling attempt at representing the discipline, as 

economics studies human action rather than processes governed by natural laws (Max-Neef 

2005). 

Nevertheless, economics tries to make a clear distinction between positive economics and 

normative economics with the intention of putting to one side questions pertaining to justice 

(Hausman 2012). 4  However, by disregarding justice issues neoclassical economists are 

inadvertently taking a position on values (Hansson 2016). The seemingly ‘amoral’ position of 

many economists means that they have implicitly accepted instances of injustice. The extent to 

which policymakers are mindful, open and honest about the values underpinning their choices 

may impact the successfulness of a policy. Instead public policy can often use economics so that 

it may purport to be ‘value-free’, even though the policies are themselves value laden. This is 

                                                           
3 Energy economics in the traditional utilitarian perspective tends to define utility based on a hedonic tradition with the 
works of Jeremy Bentham, John Stuart Mill at its core and include further extensions which are still a limited vision of 
what constitutes human happiness and well-being (Nussbaum 2005). These precepts are increasingly challenged in the 
philosophy of economics (Torras and Surie 2015). 
4 A basic way of describing the two forms of ‘economic’ analysis is that positive economics is focused on uncovering 
what the facts are at a difference from normative economics which is focused on values and what should be done. See 
further discussion in Hausman (2012). 
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important as one of the key roles of government (if the role falls to any one entity) is making 

redistributive decisions (Alexander and Ruderman 1987, Brown et al. 1990, Alesina and Rodrik 

1994, Meadowcroft 2009, Ott 2010, Ott 2011). In this regard, while this thesis adopts an applied 

economics perspective in its approach to analysis, the normative incentive for the work is 

provided by the tenets of energy justice (discussed in more detail in the next section). If a stricter 

distinction is to be made to detangle the normative-empirical dichotomy, this research is 

underpinned by normative questions, but is carried out through an empirical perspective adopting 

a positivist approach.  

Energy justice embodies a research perspective, both empirical and normative, addressing a gap 

in energy engineering and economics where matters of social justice are not necessarily included 

in the process of deriving solutions and policy prescriptions. Towards these goals, this thesis 

adopts an energy justice perspective to research and makes a contribution to science from this 

perspective.   
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2.2 Key principles in applying energy justice 
Energy justice’s fundamental philosophical roots lie in Rawls and Hobbes’ notion of social 

contract to prescribe the type of energy system that society would devise if one did not know a 

priori which position they would occupy in this system: “Rawls would argue that, under such a 

social contract, we would want an energy system fair and open to all, one that gives everybody 

an equal shot of receiving the energy services they need.” (Sovacool 2013, p. 137). In other words, 

a society with ‘just’ outcomes is characterised by equity which can be understood as distributive 

justice concerned with finding a method to distribute economic benefits and burdens to reach a 

‘fair’ or ‘equitable’ allocation (Thomson 2011, Lamont and Favor 2013, Fleurbaey 2016). This 

would theoretically address energy injustices, such as energy or fuel poverty, which are a 

themselves a violation of distributive justice (Sovacool et al. 2016). 

It is a significant challenge to select a theory which is applicable in practice and can also withstand 

criticisms on these distributive principles (Singer 2011, Lamont and Favor 2013). Among the 

varied principles of distributive justice proposed by theorists (e.g. strict egalitarianism, the 

‘Difference Principle’, luck egalitarianism, welfare or merit-based), John Rawls is the exception; 

suggesting a method, that of reflective equilibrium (Rawls 1971, Rawls 1974, Daniels 2016). In 

applying this method, distributive justice can be achieved by taking into account the beliefs of the 

population through a filter of critical thought, which can take the form of legitimate democratic 

processes (Miller 1999, Walzer 2008, Lamont and Favor 2013). In the spirit of this method, 

Sovacool and colleagues make their argument for a global energy system characterised by 

“...distributional and procedural justice alongside cosmopolitan (albeit anthropocentric) 

interpretations of equity and fairness.” (Sovacool et al. 2016, p. 4). The normative framework 

they propose is based on the principles of availability, affordability, due process, transparency 

and accountability, sustainability, intragenerational and intergenerational equity and 

responsibility. 

Availability and affordability are two inter-related key principles of energy-related distributive 

justice-based decision-making. Availability is a pre-condition of affordability and embodies the 

notion that sufficient energy resources of ‘high quality’ are present when needed, a form of 

‘security of supply’ with more complex implications (Sovacool 2013, Sovacool and Dworkin 

2015, Sovacool et al. 2016).5 The availability principle definition stems from the distributive 

justice question it is meant to answer: ‘What mode of distribution of material and non-material 

goods should be adopted?’ (e.g. based on need, intellectual merit, property rights …) (Sovacool 

et al. 2016). The high quality criterion at a basic level means energy sources are free from 

immediate harmful health impacts (e.g. risks associated with smoke inhalation from kitchen 

                                                           
5 A concise description is given as “People deserve sufficient energy resources of high quality” (Sovacool et al. 2016, 
p. 5) 
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stoves). In a developed nation like Australia and in the context of this thesis, where most energy 

resources are largely free from direct health impacts, ‘high quality’ is taken to mean minimising 

direct and indirect harmful health and environmental impacts.6 As such, renewable energy sources 

like solar PVs are considered to be of ‘high quality’ as they appear to perform better than fossil 

fuels in terms of environmental externalities (e.g. have lower greenhouse gas emissions, use least 

land and/or water for energy production Fthenakis and Kim 2009, Glassman et al. 2011). 

The second principle, the affordability principle, states that energy services should not be a 

financial burden, particularly for those already at a disadvantage (Sovacool et al. 2016). The 

affordability principle is deeply connected with the concept of energy or fuel poverty, and is seen 

sometimes in the literature to have a similar operational definition; e.g. household expenditure on 

energy comprises less than 10% of household income, even for those on a low level of income  

(Sovacool 2013). A more detailed discussion on general deprivation, energy deprivation and the 

Australian context of energy deprivation follows in section 2.3. The affordability concept 

incorporates the distributive justice notion that availability of particular energy sources and 

services is not meaningful if these are not also affordable (Sovacool and Dworkin 2015). This 

thesis explores whether affordability is promoted/inhibited by urban consolidation as distinct 

from a series of other factors. The particular form of affordability studied in the thesis is fuel 

poverty.  

2.2.1 The spatial dimension of energy justice 

Energy justice concerns have a set of analytical and decisional dimensions belonging to 

socioeconomic, cultural and institutional factors, yet they are less understood with regard to their 

spatial and temporal dimensions (e.g. Jenkins et al. 2016, Sovacool et al. 2016). Walker posits in 

two separate studies that the beneficial and negative effects related to energy services are 

distributed across space (Walker 2009) and through time (Walker 2014). Sovacool and colleagues 

argue for focusing on five dimensions for energy justice (i.e. temporal, economic, socio-political, 

geographic and technological) in light of the principle of “common but differentiated 

responsibilities” (part of the Rio Declaration) to inspire action at international level environmental 

negotiations (Sovacool et al. 2013a). 7  However, the study of energy deprivation with its 

underlying energy justice principles still needs to further integrate spatial-temporal dynamics in 

context-specific research (Bouzarovski and Petrova 2015).  

                                                           
6 Energy sources should aim to minimize externalities since based on energy justice goals the supply of energy should 
be free of externalities (Sovacool 2013). A notion of ‘high quality’ in the availability of energy services is supported 
by Rao and Baer (2012) who note these services represent “access to both modern energy and the appliances that 
provide these services” (p. 661). 
7 In the five dimensions, the temporal dimension deals with externalities and climate change; the economic with 
inequality, poverty and prices; the socio-political dimension with corruption, authoritarianism and energy conflict; the 
geographic dimension with uneven development and environmental risks; while the technological dimension 
encompasses efficiency, reliability, safety and vulnerability (Sovacool et al. 2013c, p. 14). 



27 
 

Disadvantage can manifest itself in economic terms, be unevenly distributed in space and have 

connections to, or an impact on, residential energy consumption. Inner city areas are recognised 

to be the harbour of advantaged, privileged or wealthy residents (Dodson 2012). Financial 

inequality becomes evident in residential location and, consequently, leads to segregation in 

access to amenities: “...financial inequality translates into spatial inequality (segregation) via the 

operation of urban housing markets and is reflected in the variability in neighbourhood amenities 

evident in today’s cities.” (Newton and Doherty 2014, pp. 13-14). While financial inequality is 

one of the causes of spatial inequality as an endogenous pressure, it is no less true that policy can 

shape the built environment in the long-run and this inequality can translate into further spatial 

and socioeconomic disadvantage. The process of households becoming their own producers of 

energy (‘prosumers’) contributes to a transition to new geographies of energy and functioning of 

the economy which tend to be more decentralized (Toeffler and Toeffler 2006, Rickerson 2014, 

Huber 2015). To avoid further ingraining of socio-spatial exclusion it is necessary to find what 

socio-spatial exclusion translates to in terms of consumption of energy and access to renewables. 

The densification policy in Australian cities, and its implications for energy consumption and 

energy justice are discussed in section 2.4. 
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2.3 Nature of deprivation and wealth in Australia 
Concerns with energy deprivation in Australia are motivated by broader underlying social and 

economic transformations which are accentuating disparities for lower socioeconomic status 

households. These disparities in income in the Australian context have subtle manifestations 

leading to deprivation of opportunity, which do not necessarily translate to households being 

under a poverty line (e.g. under 50% or 60% of the median as in Australian Council of Social 

Service 2014). 8 There is evidence that income inequality is on the rise in Australia as the top 

income groups share of income has risen fast during the 80s, 90s and 2000s, with the latter decade 

seeing high income groups appropriating a larger share of income than at any point in the previous 

50 years (Atkinson and Leigh 2007, Beech et al. 2014). Despite income inequality being high, 

consumption afforded by Australian households does tend to be more equal than income (Barrett 

et al. 2000, Beech et al. 2014). However, lower wages growth (Jacobs and Rush 2015) and higher 

average household spending on basics have been observed (in 2016 as compared to the previous 

three decades) (Australian Bureau of Statistics 2017b). These changes raise concerns that an 

imbalance of opportunities is being created, with unclear implications for households’ energy 

consumption, particularly as rapid increases in energy prices could be a further potential driver of 

inequality in Australia (Chester and Morris 2011, Chester 2014). 

Persistent deprivation and poverty have dimensions extending beyond income into the concept of 

wealth, where a key mediating role in the Australian context is played by the family home.9 One 

of the major assets through which low-medium income households mitigate poverty risks is their 

home.10 Almost 80% of all household debt is property related (Ryan and Stone 2016). A reason 

for this is the wealth effect of housing: price appreciation of real estate property, together with 

availability of credit through mortgage equity withdrawal, allow households to extend their 

consumption (Parkinson et al. 2009). This wealth effect does not entail spending on holidays or 

other discretionary consumption, but rather it is linked to major (uninsurable) life cycle events 

and pressures such as the birth of a child or divorce (Parkinson et al. 2009, Ong et al. 2013, Wood 

et al. 2013). Equity borrowing in Australia revolves around the notion of using “...homes as a 

store of precautionary savings.” (Parkinson et al. 2009, p. 381). However, in Australia there is an 

observable trend of falling housing affordability. In 2016, the average house price was as high as 

                                                           
8 For example, Watson and colleagues codify deprivation as deprivation of consumption defined as households not 
being able to afford two expenses considered as basic. (Watson and Maitre 2015). 
9 A theoretical analysis of wealth is in (Ringen 1987) and an applied analysis example is found in (Headey 2008). A 
basic operational definition suitable for the Australian context is provided by the Australian Bureau of Statistics: 
“Wealth is a net concept and measures the extent to which the value of household assets exceeds the value of their 
liabilities.” (Australian Bureau of Statistics 2013). The periodical poverty report in Australia for 2016 notes the 
connection between poverty and home ownership: only 15.5% of Australians living below the poverty line are 
homeowners (Australian Council of Social Service 2016).  
10 In Australia, home ownership is such an essential need it has been deemed as a basic necessity and a necessary evil 
(Butler et al. 1984). 
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6-12 times the average annual salary in state capital cities, a significant increase from 3 times the 

average annual salary in the same cities in the 80s (Janda 2016).11 In this sense, home ownership 

is likely to put increased financial pressures on households’ budgets and renting is thus a form of 

deprivation of wealth-building opportunities. 

Households are under increasing pressure to cover basic expenditures, with utility expenditures 

being a cornerstone of the home budget, and hence price inelastic. The need for finance has 

prevented most Australians from accumulating savings. Consequently, household debt levels 

have increased, with over 70% of households having some form of debt, and over 25% of these 

having debt at least three times higher than their annual income in 2014 (Wilson and Turnbull 

2000, Australian Bureau of Statistics 2015a). In the 2000s, average household debt levels 

increased to around 90% of household income, and in 2015 total household debt was 120% of the 

nation’s GDP (Wilson and Turnbull 2000, Mulligan 2015). Household wealth increased slightly 

from 2010–2014, but the distribution of wealth and debt is unequal across society. The majority 

of households without debt12 are retired, while top earners (top income quintile) hold almost 50% 

of the household debt (Ryan and Stone 2016). As indicated in a series of Reserve Bank of 

Australia economists’ studies, against a background of falling housing affordability, low wage 

increases, unequal distribution of debt and potential future economic shocks, the financial position 

of Australian households is increasingly precarious (Fox and Finlay 2012, Jacobs and Rush 2015, 

Ryan and Stone 2016, Bishop and Cassidy 2017).13  

This credit-based consumption could be causing financial stress, particularly as wage growth has 

fallen to a historical low since 2012 and is expected to remain low (Worthington 2006, Jacobs 

and Rush 2015, Bishop and Cassidy 2017). This can be particularly true for vulnerable groups, 

such as those with low income or renters (Worthington 2006, Australian Bureau of Statistics 

2015a, Australian Bureau of Statistics 2015b).14 Analyses to identify and better understand the 

                                                           
11 A Reserve Bank of Australia (RBA) study from 2010 analysed a series of measures for data up to 2012 (Fox and 
Finlay 2012). The study shows for 2012 a ratio of about 4-6 times dwelling price – to – income ratio based on median 
values in national accounts (lower ratio) or survey (higher ratio) data. It also shows a marked increase from two times 
values over the 70s-80s period. However, it is possible Australia has been going through significant price increases in 
housing which may have not been matched by income rises since 2012 (Australian Bureau of Statistics 2015a). 
12 According to Ryan and Stone (2016) a third of all Australian households hold no debt. Based on Reserve Bank of 
Australia data, in 2016, 66% of households in the age bracket of 65-74 years and 88% of households in the 75 years 
and over had no debt. For other age brackets the percentage of households with no debt is: 16% for 15-24, 15% for 25-
,34, 17% for 35-44, 16% for 45-54 and 32% for 55-64% (Reserve Bank of Australia 2016).  
13 As noted in previous paragraphs the housing affordability has decreased on average. This means incomes have not 
increased as quickly as housing prices and households purchasing a dwelling have to carry higher amounts of mortgage 
debt over longer periods of time. Since 2010, wage growth has decreased potentially due to a series of macroeconomic 
factors (Jacobs and Rush 2015). A lower increase in wages extends the period of time households need to repay their 
debt. Lower affordability of homes is likely to impact younger households more, as they are more likely to increase 
their levels of debt to buy property (Ryan and Stone 2016). In this circumstances, it is possible and likely that 
households have less of a financial buffer to shocks, such as basic goods price increases.  
14 About a third of all Australians are renters (see Table 2.2). In 2015-16 about 23.8% of households are in the lowest 
equivalised disposable income quintile and 19.1% of households are in the second quintile (Australian Bureau of 
Statistics 2017a). The proportion of low income rental households spending more than 30% of their gross income on 
housing costs in 2015-16 is of 47% in capital cities of Australia and about 38% elsewhere (Australian Bureau of 
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connection between households, their residential status, socioeconomic factors and energy 

consumption is one crucial step in understanding the wealth effect-specific connection to energy 

consumption.  

The inequality of income, wealth mediated by home-ownership status and other socioeconomic 

aspects skew the availability of opportunities which can subsequently transform into disadvantage 

for a household and lead to energy injustice. Part of the causes for fuel poverty are connected to 

energy inefficiency (Boardman 2012). The densification of the building stock of Australia relies 

on air-conditioning for temperature control; rather than using designs adapted to their 

environment that would allow all residents, including  vulnerable groups (e.g. renters, low 

income, elderly), to easily reach thermal comfort (Wilkenfeld 2004, Wright 2010, Farbotko and 

Waitt 2011, Malo 2016, Moore et al. 2016).15 Households in spaces fitted with air-conditioning 

are still vulnerable in extreme heat conditions, and passive measures to reduce energy 

consumption are slow to spread (Wilkenfeld 2004, Farbotko and Waitt 2011, Maller and Strengers 

2011).  

Renters do not usually have the capacity to customize their energy supply and consequently have 

fewer heating/cooling options, with research showing that renters have to pay more for space 

heating than owners (Rehdanz 2007). Renters have limited control over the appliances they use 

(Davis 2012) and this can lead to owner-occupied households being more energy efficient (Baxter 

et al. 1986). Ultimately “broader societal conditions” need to be addressed to help rectify these 

inequities (Wilkenfeld 2004, Maller and Strengers 2011), and no study has yet considered how 

urban consolidation, through gains in energy efficiency, could potentially mitigate fuel poverty 

risks. 

Additional expenditure pressures are now also arising  from energy prices which have risen 

significantly across Australia since 2007 (Azpitarte et al. 2015). Electricity prices increased by 

about 50% nationally between 2010–2013, and households in dwellings relying on natural gas 

have seen the gas retail price increase by eight percent a year over the period 2005–15 

(Department of Industry and Science 2015). Increasing energy prices or energy expenditure are 

found to have the potential to drive reductions in expenditure on other goods and services (Chester 

2013). In-depth interviews identified that households’ physical and subjective wellbeing were 

impacted by energy price hikes between 2007–2012. Impacted behaviours included reduced 

number of outings, reductions in shower time and television time, sharing a room for sleeping to 

                                                           
Statistics 2017a). For the same year, the Australian Bureau of Statistics estimates the total number of low income rental 
households at about 1.355 million representing about 15% of the total number of households (Australian Bureau of 
Statistics 2017a).  
15 Research on compliance of high-rise buildings with codes and long term performance is sparse. A study of 15 
contemporary buildings in Brisbane found that in most cases ventilation, façade glazing or shading were not well 
designed or implemented (Kennedy 2016).  
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avoid heating, and avoid entertaining at home to reduce cooking time.16 The number of Australian 

residences disconnected for non-payment of energy bills seems to have increased from 2008 to 

2011 and also from 2010 to 2016, while payment plans can be too high to afford (Chester 2013, 

KPMG 2016).17  

Increasingly, owner-occupier households seeking more ethical and environmentally sustainable 

consumption and lower energy bills are able to become their own producers of energy 

(‘prosumers’). In doing so, owner-occupier households reduce their fossil fuel use (Toeffler and 

Toeffler 2006, Soper 2007, Rickerson 2014, Huber 2015). This can inadvertently create another 

moral conundrum in terms of the provision of equal access to stable and affordable electricity 

(Haines and McConnell 2016). While environmental goals are served through this transition, the 

best interest of consumers wholly dependent on the grid may not be upheld (Haines and 

McConnell 2016). Policies to support the spread of renewable energy systems, like feed-in tariffs 

to offset part of the cost of rooftop PV systems, can have a strong correlation with dwelling type 

and ownership status. FiTs have been claimed to be a regressive taxation policy, as only certain 

demographic groups have the necessary funding available to benefit from the policy, and yet these 

schemes also have the potential to deliver significant savings to consumers (Bruce et al. 2009, 

Nelson et al. 2011, McConnell et al. 2013). Juxtaposed against a background of continued urban 

consolidation in Australian cities, FiT policy outcomes may be lessened by creating an 

environment that is not amenable to the installation of rooftop photovoltaics. 

Socioeconomic factors impacting energy consumption, the drivers of, and impacts of, fuel poverty 

are all under-studied in Australia at a time when financial pressures on households are increasing. 

Australia is noted to be a country where energy deprivation (in its context of either energy poverty 

or fuel poverty) is largely overlooked: “...[fuel poverty in Australia] has not received scientific or 

policy attention to date.” (Bouzarovski and Petrova 2015, p. 31). Historically, relative low fuel 

prices in comparison to other expenses make energy deprivation and, in particular, fuel poverty a 

relatively new concern in the Australian research landscape. 

                                                           
16 Study used a sample of 372 respondents across Australia during 1 Feb – Nov 2012.  
17 Data on disconnections can be quite fragmented and not presented as a time-series. Chester (2013) quotes data from 
the Australian Energy Regulator. This data shows an increase in percentages of residential customers disconnected: in 
Victoria from 0.29% to 1% (an increase of more than 3.5 times), in NSW from 0.64% to 0.8% (an increase of 1.25 
times) and in Queensland from 1.13 to 1.16%. KPMG carried out research to estimate the disconnections trend in 
Australia and found that in 2015-16 around 160,000 residential customers were disconnected and estimated this figure 
to represent an increase of 47% from 2009-10. Disconnections from the grid are a last resort after customers fail to 
keep to payment plans and cannot keep themselves in hardship plans. There are hardship schemes in each Australian 
state with varying eligibility conditions usually based on customers already holding a concession card. State level 
figures for NSW, VIC, QLD, SA, ACT and TAS show that the number of electricity customers in hardship increased 
between 2013 and 2018 in each of these states by 161%, 77%, 109%, 162%, 29% and 674% respectively. Similarly for 
gas customers increases were observed from 59% to 333% (Essential Services Commission 2017, Australian Energy 
Regulator 2018).  
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2.3.1 Energy deprivation in Australia 

The ‘affordability’ principle of energy justice is associated in the energy deprivation literature 

with the terms ‘energy poverty’ and ‘fuel poverty’. The term ‘energy poverty’ can have overlap 

with fuel poverty issues from the perspective of certain energy justice principles (compare 

affordability vs intergenerational equity in Sovacool 2013). For example, criteria to determine 

energy poverty status can also use the 10% of income threshold similar to some fuel poverty 

definitions (Sovacool 2012). While the meanings of the terms ‘fuel poverty’ and ‘energy poverty’ 

can sometime overlap (Chester and Morris 2011), they can be fitted together within the global 

issue of energy deprivation where the energy services provided are not adequate for the household 

(Bouzarovski and Petrova 2015, Watson and Maitre 2015). From a perspective of energy 

availability, the most basic level of access is access to energy for meeting basic human needs 

which include electricity (e.g. for lighting) and fuels and technologies for cooking and heating 

(United Nations 2010). The next level up is access to energy for productive uses (e.g. agriculture) 

and at the top of the hierarchy is access to energy for modern uses that include increased 

requirements for space heating/cooling (United Nations 2010). In this needs-based hierarchy, 

energy poverty fits in at the bottom level, while fuel poverty concerns with modern uses of energy 

fits on the top level. 18 For Chester and Morris the term ‘energy poverty’ is used in an Australian 

context for what would be called fuel poverty elsewhere (e.g. in a UK context) (Chester and 

Morris 2011, Walker and Day 2012, Bouzarovski and Petrova 2015). This thesis uses the term 

‘fuel poverty’ in its analysis as an expression of a form of energy deprivation in a developed 

country (Bouzarovski and Petrova 2015). 

Several methods of defining fuel poor households have been conceptualised and used in academic 

literature, but no definitive measure has been established to be more suitable than another, and 

the local context needs to be taken into consideration (notably Hills 2012, Bouzarovski and 

Petrova 2015, Watson and Maitre 2015) (see a summary of methods in Table 2.1). A classic 

measure used in parts of the United Kingdom is to define fuel poor households as households that 

spend more than 10% of their after-tax income on energy bills (e.g. Jamasb and Meier 2011).19 

The concept has long been acknowledged to be hard to summarise in one single definition 

(Bradshaw and Hutton 1983) and additional methods of identifying the fuel poor exist (see Table 

2.1). 

                                                           
18 The terminology use in literature can be divided into a developing world term (‘energy poverty’) versus a developed 
world term (‘fuel poverty’). For example, in terms of driving forces, ‘energy poverty’ research is motivated by under-
supply of electricity or use of traditional fuels (e.g. Sovacool 2012) while the ‘fuel poverty’ research is driven by income 
inequality, affordability and inefficiency in heating (Boardman 2012, Walker and Day 2012, Bouzarovski and Petrova 
2015, Legendre and Ricci 2015). 
19 As an examiner pointed out, this measure is not the one used in England where a Low Income High Costs measure 
is used. A household is fuel poor when they have higher costs than the median for energy and when spending this 
amount their income falls below the poverty line  (United Kingdom Government 2013). 
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Table 2.1. Fuel poverty measures proposed in the literature 

Fuel poverty  measures Meaning Reference 

Expenditure ratio of 

10% or higher. 

Use a threshold expenditure ratio of 10% of income to mark 

where the fuel poverty line is crossed. 

(Scott et al. 2008, 

Jamasb and Meier 

2011, Simshauser et 

al. 2011b). 

Twice the median The 10% threshold does not take into account the role of 

energy prices, or changes of income between cohorts and was 

originally meant to be “twice the median” ratio of expenditure 

on fuel as a proportion of disposable income. 

(Boardman 2012) 

Minimum income 

standard 

Fuel costs comprise more than the remaining income after 

deducting annual housing costs and minimum living costs 

from the after-tax income (Note 1). 

(Moore 2012) 

Low income and high 

cost 

Fuel costs are above the median level costs and income does 

not cover these costs without falling under the poverty line. 

(Hills 2012) 

Minimal/comfortable 

level of energy use 

Model energy needs based on house size (Higgins and 

Lutzenhiser 1995, 

Watson and Maitre 

2015) 

Self-reporting of fuel 

poverty 

Declared inability to reach thermal comfort (i.e. insufficient 

heating or cooling). 

(Watson and Maitre 

2015) 

Note 1. There can be significant increases in how many households fall into the fuel poor category if the definition is 

replaced with a minimum income standard definition: Moore finds a difference of 70%. 

In Australia there is no widely accepted definition of fuel poverty, but understanding of its nature 

and potential causal factors is growing. From the late 2000s energy deprivation has been 

increasingly recognised to be a social issue (Chester and Morris 2011, Simshauser et al. 2011a, 

Simshauser et al. 2011b, Nance 2013, Chester 2014, Azpitarte et al. 2015, Burke and Ralston 

2015). Households can face energy-related hardship when several indicators of potential 

vulnerability occur simultaneously. For example, vulnerability to fuel poverty will likely increase 

for households that have a low disposable income, are in employment but highly reliant on wages 

which provide a low income, and are still ineligible for concessions or welfare (Nance 2013). 

Households which declare they cannot pay utility bills and need assistance can still spend less 

than 10% on energy costs (Burke and Ralston 2015). It seems that an increasing proportion of 

households is fuel poor over the period 2007 – 2013, despite the decreasing proportion of low 
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income households (see Figure 2.1). 20  Several measures to define fuel poverty have been 

compared: low income high cost, cost : income ratio above 10%, cost : income ratio above double 

the median, self-declared measures of ability to pay the bills or heat the home (Azpitarte et al. 

2015). Azpitarte et al’s comparison of several fuel poverty measures did not find a particular 

measure to be better suited to represent the fuel poor in Australia, concluding that: “...the different 

definitions proposed in the literature treat the different aspects of fuel poverty differently” 

(Azpitarte et al. 2015, p. 22). It appears that rather than identifying which is the best definition of 

fuel poverty, the research landscape will need to be focused on identifying factors which create 

vulnerability and factors which help to identify those who are vulnerable to energy deprivation. 

 

Figure 2.1. Percentage of fuel poor versus low income households (observations) for each year in Household, 
Income, and Labour Dynamics in Australia (HILDA) data. See Chapter 3 for more details of the data. Source: 

Chapter 4, as published in Poruschi and Ambrey (2018) 

To identify factors which contribute to the creation of fuel poverty, this thesis employs a widely 

used definition of fuel poverty and explores the relationship between urban consolidation and the 

cultivation of energy justice in Australia. It analyses whether increasing urban density over time 

may play a role in increasing the chance of households to spend more of their income on direct 

                                                           
20 The data in Figure 2.1 is longitudinal data from the Australian Household, Income and Labour Dynamics (HILDA) 
survey. A low income household is a household has real equivalised household income that is less than half of the 
sample median real household income. Out of close to 9 million households in Australia in 2015-16 (Australian Bureau 
of Statistics 2017a), if the ratios in the HILDA survey (Figure 2.1) are generalised to the whole country, it means that 
about 9% of them or 720,000 households have to pay more than a tenth of their income for energy costs. 
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residential energy consumption, while separately identifying the effects of  any other factors (such 

as income, being a renter, or living in a particular dwelling type). The analysis sections of the 

thesis study the role of income in determining fuel poverty, and also investigate the role of other 

factors in magnifying or reducing the likelihood of households having to spend 10% or more of 

their income on energy (see for example Chapter 4).   
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2.4 Compacting the city: what does it mean for energy processes? 

While there is no absolute definition of what a city is, in order to facilitate analysis and allow 

international comparisons of performance indicators, operational definitions often narrow ‘the 

city’ to a specific process or aspect related to its economic activity, population density, time and 

distance to travel to work or urban centres connectivity (Brezzi et al. 2012, Matsumoto and 

Sanchez-Serra 2012). Definitions of cities can employ a bio-ecological terminology: 

“...constantly evolving organisms subject to the processes of growth and decay, interdependence, 

competition and cooperation, health, and disease.” (the Chicago School of thought according to 

Judd 2011, p. 3). Industrial ecology and ecological economics define the city as a spatial 

equilibrium of economic activities (e.g. production, housing, transport and consumption) leading 

to urban growth and development, and its functions can be assessed in terms of the total amount 

of particular materials and energy resources used (Baccini and Brunner 1991, Baccini and 

Brunner 2012, Ferrao and Fernandez 2013).21 In the field of economic geography, cities are 

formed and grow as a consequence of human-based process equilibria, in order to minimise 

transaction costs for production (localisation economies) and to lower consumption’s spatial 

interaction costs (urbanisation economies) (Hanink 1997, Glaeser 2008, Karlsson et al. 2015). 

What is not always explicitly included in definitions, but is nevertheless a crucial characteristic 

of cities, is that they are a collection of systems and processes dynamically interacting with space. 

An apt portrayal of this concept is given by Castells, who describes cities as a ‘space of flows’ 

(Castells 1996, p. 429). 

From this perspective of the city as a system dynamically interacting with space, one of the key 

pathways through which a city may influence regional energy processes is through its built form 

(either through the buildings or its infrastructure to connect dwellers). In a broader sense, close 

quarters living is seen by urban planners as a solution to a range of issues that extend beyond 

energy and environmental benefits: “...land consumption in fringe areas, energy and resource 

waste, air pollution, accessibility, and social segregation.” (Neuman 2005, p. 17). While living in 

compact cities and in compacter dwellings can provide a number of efficiency and environmental 

benefits (Castells 1996, Mitchell 1999, Sassen 2001, Scott 2001), of interest to this thesis is the 

argument that living in compact cities and in more compact dwellings can potentially provide 

energy-related benefits beyond merely increasing energy efficiency.  

                                                           
21 The city is a model of urban provisions: “...collection of necessary and sufficient provisions of habitable space, goods 
and services (especially air, water, food, critical materials and waste removal), and transportation.” (Ferrao and 
Fernandez 2013, p. 39). This view reminds of Baccini and Brunner work who distil these provisions further into just 
four major urban activities: to nourish and recover; to clean; to reside and work; and to transport and communicate. All 
of these activities can be assessed in terms of four major components of what is named as the ‘urban metabolism’: 
water, food (biomass), construction materials, and energy (Baccini and Brunner 1991, Baccini and Brunner 2012). 
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2.4.1 The Australian city: urban form and energy processes 

In terms of urban consolidation policy in Australia, land use planning allocation has seen an 

expansion of the suburban landscape. This is particularly evident post-World War II, due to bi-

partisan policies which supported home ownership (Gleeson 2006). 

Concerns with travel time and resources can be added to a list of other problems that suburbia can 

promote, and, in response to such concerns, the theory of urban consolidation took shape. Instead 

of building the ‘compact city’, ‘urban consolidation’ has been characterised by infill of current 

housing areas (Dodson 2012, van den Nouwelant et al. 2015). Dodson briefly summarises the 

policy history of urban consolidation in Australia as involving: planning constraints on individual 

lots in residential areas being progressively relaxed during the 1960s-90s to encourage low- and 

medium-rise unit buildings (Dodson 2012). Early policy was not focused on changing zoning 

strategically (around transportation nodes or activity nodes). However, a ‘correction’ in focus 

followed in metropolitan plans of the 2000s. Forster classifies planning scheme types between 

2002-2005 in three categories (‘containment, consolidation and centres’), and finds that these 

schemes fail to address socioeconomic issues (Forster 2006).22 Some critiques of urban plans 

post-2000 have focused on public transport deficits for areas zoned to become higher density. 

Perhaps a more crucial flaw in the urban consolidation process specific to Australia, however, is 

that infill with high-density residences is more likely to occur in urban centres, rather than in 

suburban areas suffering the ills that urban consolidation should 'cure' (insufficient access to 

services, jobs and public transport) (Mees 2003, Dodson 2012).23  

Australian building industry data reveals an increasing ratio of compact forms of living 

construction (i.e. apartments) to forms of living associated with sprawl (i.e. detached homes). 

Based on data for buildings under construction, on average, across Australia for the 2016 March 

quarter, about 71% are units (apartments) or semi-detached dwellings, with this percentage being 

above 50% continuously for every quarter since March 2011 (Australian Bureau of Statistics 

2016a). The location of all of these developments cannot, however, be ascertained with exactness 

from state-level data. Australian cities are likely experiencing a mix of inner-city high-rise multi-

storey unit dwellings consolidation together with some sprawl along corridors earmarked for 

urban development in the metropolitan areas. The professional and academic literature is still to 

verify how this change compares with previous censuses (Randolph 2006), but the layman’s 

understanding is that Australia is undergoing an urban centre-based construction boom that is 

                                                           
22 More specifically, they do not address increased complexity in contemporary patterns of socioeconomic relations 
and address affordability and social exclusion issues. 
23 Dodson (2012) summarizes the greatest challenges for planning onwards to be: diverse, high-quality services master-
planned communities, which are not as automobile-dependent, where employment is not concentrated in the core and 
more equitable housing markets which do not push lower-income households in to the outer areas. 
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consistent with planning infill policies, stimulated by low interest credit brought about by the 

global financial crisis (McMahon 2016). 

Australian city living for most dwellers still means occupancy of separate (detached) houses 

(Table 2.2), and the preferred form of tenure is home ownership rather than renting (Table 2.3). 

There is a cultural and economic bias towards this form of living going back to the 1960s and 70s 

(e.g. Hayward 1986). The ‘Great Australian Dream’ is premised on the ability to own one’s home, 

usually a detached house with a back yard. Ownership rates have been quite steady (cf. 65% in 

2006) although renting as a form of tenure has increased by 1-5% in the capital cities over the 

2006 - 2016 period (Australian Bureau of Statistics 2017c). However, Australian households 

suffer from a decreasing affordability of homes (i.e. a sharp increase in the number of average 

yearly salaries required to pay off the mortgage, see Section 2.3) (Fox and Finlay 2012, Janda 

2016). In particular, the proportion of low income households which spend more than 30% of 

their income on housing costs increased from 40% to 50% over the 1996-2016 period (Australian 

Bureau of Statistics 2017a).   

Table 2.2. Dwelling types and tenure for Australian households in 2016. Data source: Australian Bureau of Statistics 
(2017c) 

 
Owners [%] 

(with / 
without 

mortgage) 

Renters [%] Living in 
Detached 

Houses [%] 

Living in 
Semi-

detached 
[%] 

Living in 
Apartments 

[%] 

Australia 
(overall) 

62 % 29 % 72 % 13 % 14 % 

Sydney (NSW) 59 % 33 % 56 % 14 % 29 % 

Melbourne (VIC) 63 % 29 % 67 % 17 % 16 % 

Brisbane (QLD) 59 % 33 % 75 % 10 % 13 % 
Adelaide (SA) 65 % 28 % 74 % 17 % 8 % 

Perth (WA) 66 % 26 % 76 % 16 % 7 % 
Hobart (TAS) 65 % 28% 84 % 6 % 9 % 

Darwin (NT) 47 % 40 % 60 % 10 % 24 % 
ACT (incl. 
Canberra) 

62 % 31 % 66 % 18 % 16 % 
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Table 2.3. Australian capital cities statistics. Table reproduced from Chapter 6. 
  

Population Increase [%] Population Density [people / km2] 
Capital City Area Area [km2] 2001-2006 2006 - 2011 2011 - 2016 2001 2006 2011 2016 

Sydney (NSW) 12,368 4% 7% 10% 323 333 355 390 

Melbourne (VIC) 9,991 7% 10% 12% 342 365 400 449 

Brisbane (QLD) 15,826 11% 12% 10% 107 117 130 143 
Adelaide (SA) 3,258 3% 6% 6% 343 355 376 397 

Perth (WA) 6,418 8% 14% 12% 217 236 269 303 
Hobart (TAS) 1,695 4% 5% 5% 113 119 125 131 

Darwin (NT) 3,164 7% 14% 13% 35 34 38 43 
ACT (incl. 
Canberra) 

2,358 5% 10% 11% 132 137 151 168 

Note: The Capital City Area is the Greater Capital City Statistical Area (GCCSA). Data sources: (Australian Bureau of Statistics 2011, Australian Bureau of Statistics 2012, 
Australian Bureau of Statistics 2016b) 
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In terms of the benefits of consolidation, the Australian literature has focused predominantly on 

benefits arising from reduced transportation energy use and greenhouse gas emissions; ignoring 

the broader energy system implications (Troy 1996, Myors et al. 2005, Perkins et al. 2009, Wright 

2010). For Australia, as Dodson (2012) remarks: post-WWII residential urban planning was 

founded based on concerns regarding housing, with no specific recognition of concerns regarding 

environment or, implicitly, with energy consumption. Further complicating the interplay between 

urban form and energy processes is the ubiquity of high-rise building management based on a 

Strata-Title ownership structure. This ownership structure is not adequately designed to deal with 

long-term issues of building renovations – including improving energy efficiency standards – and 

falling resale value (Randolph 2006, Easthope and Randolph 2009, Seeling et al. 2009). While 

this might not be as much of an issue in an owner-occupier environment, increasingly, 

consolidated metropolitan housing development is driven by residential investors rather than by 

owner occupiers (Randolph 2006, Forrest and Hirayama 2014, Seth 2014). It is reasonable to 

expect that this high-rise ownership structure, not to mention the broader urban form within which 

it is located, may impact on the lives of high-rise residents (Barton 2009). 

This thesis is concerned with the built environment policy outcomes and energy justice 

implications that arise from the Australian urban consolidation process. Analytical research in the 

thesis explores energy consumption in the context of consolidation outcomes such as living in 

apartments as opposed to detached dwellings, and living at higher built environment density. For 

example, Chapter 3 explores whether renters and apartment dwellers consume energy or take a 

similar number of energy- saving actions as other types of city dwellers, and whether living in a 

city has a particular and separate effect on energy consumption. In Chapter 4, longitudinal data 

are used to explore whether living in areas that are becoming denser over time contributes in any 

way to the chance of dwellers being in fuel poverty.  
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2.4.2 Living in a compact city 

On the whole, higher density living is often seen as the passage to environmentally sustainable 

living (Newman 1992, Neuman 2005, Glaeser 2012, Morikawa 2012). Examples of negative 

aspects of sprawl (the term itself almost having a pejorative meaning) abound in a specialised 

body of literature (e.g. Ewing 1997, Burchell et al. 1998, Ewing and Hamidi 2015). Because 

denser cities can provide economies of scale in terms of public services, reduced energy use in 

compacter buildings and in transport or energy distribution, an aura of sustainability can mask 

underlying structural injustices. 24 In all, these synergies are thought to lead to decreased energy 

consumption (Burchell et al. 1998, Burton 2000, Capello and Camagni 2000, Poumanyvong and 

Kaneko 2010, Gaigné et al. 2012). To the extent that a denser urban form contributes to lower 

energy consumption (cf. Holden and Norland 2005), it is conceivable that urban form may also 

reduce the risk of suffering from fuel poverty. In this way, high density and compact dwellings 

may be advocated as a means of redressing energy injustice, keeping all other things equal, e.g. 

level of income, energy prices, household size or (importantly from the perspective of this thesis) 

pre-existing vulnerabilities.  

It is important to note that urban planning and policy arguments in favour of consolidation are not 

without criticism (Gray and Gleeson 2007). Just as cities themselves are a combination of process 

and physical space interactions, urban consolidation is not just about physical compactness (e.g. 

sprawl, density, consolidation) (Neuman 2005, Randolph 2006, Dodson 2012). The issue is aptly 

phrased by Ewing: “...it is not suburbanization per se, but the wasteful form it so often takes that 

most critics of sprawl attack.” (Ewing 1997, p. 108). A well-known debate conducted through a 

series of empirical studies on urban consolidation in the United States highlights incongruence of 

methods and perspectives.25 The competing claims regarding urban consolidation continue to be 

debated and evaluated in the literature. Arguments in favour of consolidation may have been 

overstated (Neuman 2005, Wright 2010). Also, the potential benefits of living in consolidated 

areas in terms of transport may not have been fully realised. This is because increasing density 

does not necessarily reduce the use of the private car or the energy use per se (Breheny 1992, 

Breheny 1995, Bouwman 2000, Jenks et al. 2000). A rebound effect could also arise as more trips 

                                                           
24 However, despite sustainability credentials, high density areas may not be associated with higher wellbeing levels. 
A whole field of research, which is not the focus of this thesis, appraises factors contributing to happiness and subjective 
wellbeing of denser urban vs lower density living (e.g. Mitchell 1971, Bramley et al. 2009, Berry and Okulicz-Kozaryn 
2011, Kyttä et al. 2015, Ambrey et al. 2017). A series of findings indicate lower levels of factors which contribute to 
happiness or to wellbeing (e.g. residential satisfaction, neighbourhood environment) are associated with higher density 
(Bramley et al. 2009, Berry and Okulicz-Kozaryn 2011, Ambrey et al. 2017).  
25 Gordon and Richardson (1997) argue against the case for urban consolidation, yet they are found to employ limited 
evidence with regard to energy savings to argue their point (only transport) and their work is rebutted again and again 
by Ewing and his colleagues (Ewing 1997, Ewing and Cervero 2010, Ewing and Hamidi 2015). Furthermore one study 
has claimed that no urban form is particularly better than another (Echenique et al. 2012), but Ewing responds to this 
research by criticising the exceptional nature of the results as not being considered in the broader context of hundreds 
of other empirical studies (Ewing and Hamidi 2015). 
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are taken to escape from dense areas. Further, the design of individual buildings can be paramount 

in their determining their energy use and greenhouse gas emissions footprint. An energy efficient 

design cannot be presupposed by adopting compacter urban forms alone (Troy 1996, Wright 

2010). An approach which better accounts for the nuanced connections between energy system 

and urban form is necessary (e.g. Myors et al. 2005, Perkins et al. 2009, Wright 2010, Keirstead 

et al. 2012). 

Compact cities, by definition, are thought by some to encompass concepts of liveability, 

wellbeing, health, justice and other social aspects. Dantzig and Saaty (1973) are the first known 

researchers to have apply the term ‘compact city’ to a core of non-residential buildings surrounded 

by the residential areas. Bourne discusses “more compact and humane” cities (Bourne 1992). 

Thomas and Cousins (1996) argue in favour of a compact city that is not too dense, but which can 

have social (i.e. accessibility not based on private car) and environmental benefits. 

While characterised by high density settlements and mixed land use, another advantageous 

characteristic proposed for compact cities is enhanced social fairness and self-sufficiency in daily 

life (Matsumoto and Sanchez-Serra 2012). For Burton, the notions of high density, mixed use and 

intense use of the land gradually explain a compact city as not just a dense built environment, but 

also a mix of services to supply a full lifestyle (Burton 2002). Neuman makes the case that while 

the planning discipline is talking about the compact city, what it really means is achieving the 

‘sustainable city’, or rather the sustainable physical urban form and processes that compose a city 

(Neuman 2005). As Neuman summarises: “form is both the structure that shapes process and the 

structure that emerges from a process” (Neuman 2005, p. 22). This ongoing debate between 

spread-out cities and consolidation can also be seen as a debate between market failures leading 

to sprawl and government policy failing to reduce negative aspects of sprawl leading to further 

negative social consequences (Ewing 1997, Gordon and Richardson 1997, Ewing and Hamidi 

2015).26 When all the intended functions of compact cities are considered collectively however, 

the goals of compact cities’ intersect with the goals of enhanced social or environmental wellbeing 

– and these goals can be operationalised along the common ‘threads’ (i.e. goals, principles, 

targets, elements and dimensions) for urban planners and socioeconomic policymakers (Frey 

1999, Marcuse et al. 2009, Fainstein 2010, Coyle 2011). 

One potential unintended, and as yet relatively under-researched, consequence of compactness is 

its impact on social equity. Densification in cities is likely to reduce living space and lead to a 

                                                           
26 “Sprawl is not a natural response to market forces, but a product of subsidies and other market imperfections.” (Ewing 
1997, p. 107) Some specific examples include uncertain land appreciation, land zoning with restrictions imposing low-
density, tax code subsidies for detached dwellings, utility rates subsidies and the market allowed for externalities as 
well (vehicle emissions, uncompensated accident costs) (Ewing 1997, Ewing and Hamidi 2015). 
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lack of affordable housing (Burton 2000, Karathodorou et al. 2010).27 While the ‘centrist’ and 

‘decentrist’ arguments are not new (e.g. see review in Breheny 2000), these arguments need 

reappraisal in the current context of society’s concerns and aspirations. One area which is still not 

particularly well understood and which forms the central empirical research question of the thesis 

regards uncovering the consequences of built environment policy for energy use and energy 

justice in Australian cities. Particularly, how built environment policy is related to disadvantage 

and impediments that could prevent the wider uptake of renewable energy in urban households 

under particular circumstances.  

  

                                                           
27 The major federal government National Rental Affordability Scheme (NRAS) over the period of 2008-2018 has been 
the major government policy to support private investment in increasing the supply of affordable housing. While a 
number of affordable housing schemes exist in Australia, they are mainly delivered through the private building 
industry and they can be insufficient as number of dwellings and or still too highly priced (Austin et al. 2014, Hulse et 
al. 2015, van den Nouwelant et al. 2015, Yates 2016).  
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2.5 Conclusion to the literature review  

For a considerable time, energy studies have either been framed from a natural sciences 

perspective or have adopted a strictly utilitarian, neoclassical economics perspective. Pluralism 

and an attendant growth in interdisciplinary research are, however, reframing the premises and 

goals for energy research. As a consequence, the emerging field of energy justice now enables a 

holistic approach to energy study. 

The research question at the core of this work is: ‘What are the potential consequences of the built 

environment on energy use and energy justice in Australian cities?’ Based on this central question 

the empirical approach of this thesis investigates the tensions between urban living, forms of 

disadvantage, energy consumption and the uptake of renewable energy for Australian households. 

The work provides a contribution to three strands of literature: the first contribution to energy 

economics which studies topics related to the supply and use of energy in society (e.g. the 

regulation, taxation, subsidisation and use of particular fuels) (Bhattacharyya 2011). The second 

contribution is to urban planning, understood as planning regarding land-use and the built 

environment in an urban setting – and interactions between these components and human society 

(DeFilippis and Fainstein 2015). The third contribution is to energy justice which applies broader 

social justice concerns to the fields of energy production, distribution and consumption (Sovacool 

et al. 2016). Energy justice is a field of research in social science “...which seeks to apply justice 

principles to energy policy, energy production and systems, energy consumption, energy 

activism, energy security and climate change.” (Jenkins et al. 2016, p. 174). Finally, it is hoped 

that in addition to extending the stock of knowledge, the results of this research will also help to 

inform public policy and remedial responses.  

In this thesis a narrative (traditional) literature review is conducted. The key research question 

has been broken down into components which are discussed in sub-sections of that review. These 

sub-sections review energy justice research, spatial dimensions in energy justice, detail the 

background to the compact city theory, discuss what deprivation is in general and energy-specific 

deprivation in particular, and detail case study-specific information on urban form and energy 

processes. The review is predominantly conducted on academic literature identified through 

keyword searches in scientific databases, such as EconLit, IDEAS RePEc, Google Scholar, 

Griffith University and University of Queensland libraries, Elsevier Science and ISI Web of 

Knowledge. To add local relevance to the review, some of the included information is sourced 

from grey literature (e.g. governmental reports, and material provided by non-government 

organisations).  In addition, information drawn from data sources such as the Australian Census 

is used to illustrate details specific to the local context.  
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The methods used in the thesis employ econometric techniques based on statistical methods. The 

analysis chapters (Chapters 3-6) conduct quantitative analysis of empirical models. The specific 

techniques used are introduced in each of the chapters together with the interpretation of results, 

diagnostic tests and limitations. The process of research employs a cause and effect analytical 

stance where the goal is to obtain results which enable explanations of relationships and 

potentially generalisations of predictions. The methods used are relevant to the goal of uncovering 

spatial and temporal relationships between factors. In particular, results from models such as the 

conditional logit model applied with consideration of interactions between factors (Chapter 4) 

and the Arellano-Bond estimator (Chapter 6) have causal implications. 

 

Figure 2.2 Connections explored in the thesis.  

Figure 2.2 illustrates the connections between the three topics explored in this thesis (i.e. energy 

consumption, disadvantage and the built environment). In Figure 2.2, energy consumption 

represents processes in the household that jointly determine the total amount of energy consumed, 

total expenditure on energy or refer to aspects of energy consumption, like related behaviours 

(e.g. actions to reduce consumption or make energy use more efficient, such as choosing 

renewable energy sources, changing home light-bulbs to efficient ones and so on). Disadvantage 

represents socioeconomic disadvantage with energy justice implications which in the context of 

this thesis includes specific financial disadvantage, such as low income, or energy-specific 

disadvantage, such as fuel poverty, less opportunity to save on energy use (i.e. through lack of 

opportunity to access solar energy or taking fewer energy saving actions). The built environment 

represents the physical form of cities. The relationships explored in the thesis can be seen to start 

with the built environment element. As noted in the previous section, the aim of this thesis is to 

discover whether the built environment leads to the cultivation of energy justice in Australia. This 
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is achieved through analysis to uncover whether: (1) the built environment has an effect on 

elements of disadvantage through the processes of energy supply and energy consumption, as 

explored in Chapters 3 and 6 (represented as ‘connection type 1’ in Figure 2.2); (2) built 

environment has an effect on energy consumption through a role in creation or mitigation of forms 

of disadvantage, as explored in Chapter 3 (represented as ‘connection type 2’ in Figure 2.2).  

The inquiry into whether the current form of  urban Australia’s built environment, and recent 

changes in its structure, lead to the cultivation of energy justice is addressed by investigating 

whether the built environment: is a determinant of pro-environmental behaviours, which will 

likely influence access to renewable energy and direct residential energy consumption (Chapter 

3); whether densification in interactions with other factors inadvertently promotes forms of 

socioeconomic disadvantage, such as fuel poverty (Chapter 4); and whether densification acts to 

reduce availability of renewable energy technology in the short-run and the long-run (Chapter 6). 

  



47 
 

2.6 References 
Alesina, A. & Rodrik, D. 1994. Distributive Politics and Economic Growth. The Quarterly 

journal of economics, 109, 465-490. doi:10.2307/2118470 
Alexander, S. & Ruderman, M. 1987. The role of procedural and distributive justice in 

organizational behavior. Social Justice Research, 1, 177-198. doi:10.1007/BF01048015 
Ambrey, C., Byrne, J., Matthews, T., Davison, A., Portanger, C. & Lo, A. 2017. Cultivating 

climate justice: Green infrastructure and suburban disadvantage in Australia. Applied 
Geography, 89, 52-60. doi:10.1016/j.apgeog.2017.10.002 

Atkinson, A. B. & Leigh, A. 2007. The Distribution of Top Incomes in Australia*. Economic 
Record, 83, 247-261. doi:10.1111/j.1475-4932.2007.00412.x 

Austin, P. M., Gurran, N. & Whitehead, C. M. E. 2014. Planning and affordable housing in 
Australia, New Zealand and England: common culture; different mechanisms. Journal 
of Housing and the Built Environment, 29, 455-472. doi:10.1007/s10901-013-9356-3 

Australian Bureau of Statistics 2011. 1270.0.55.001 - Australian Statistical Geography Standard 
(ASGS): Volume 1 - Main Structure and Greater Capital City Statistical Areas. 

Australian Bureau of Statistics 2012. Australian Census 2011: DataPacks. In: Australian Bureau 
of Statistics (ed.) March 2012 ed. Canberra. 

Australian Bureau of Statistics 2013. 6554.0 - Household Wealth and Wealth Distribution, 
Australia, 2011–12: Summary of Findings. Canberra: Australian Bureau of Statistics,. 

Australian Bureau of Statistics 2015a. 6523.0 - Household Income and Wealth, Australia, 2013-
14. Australian Bureau of Statistics. 

Australian Bureau of Statistics 2015b. 6523.0 - Household Income and Wealth, Australia, 2013-
14: Income growth for high income households. Australian Bureau of Statistics. 

Australian Bureau of Statistics 2016a. 8752.0 - Building Activity, Australia, Mar 2016. In: 
Australian Bureau of Statistics (ed.) 13.07.2016 ed. Canberra. 

Australian Bureau of Statistics 2016b. Australian Census 2016: DataPacks. In: Australian 
Bureau of Statistics (ed.) 2016 ed. Canberra. 

Australian Bureau of Statistics 2017a. 4130 Housing Occupancy and Costs, 2015-16. In: 
Australian Bureau of Statistics (ed.) 13 Oct 2017 ed. Canberra: Australian Bureau of 
Statistics. 

Australian Bureau of Statistics 2017b. 6530.0 Household Expenditure Survey, Australia. In: 
Statistics, A. B. O. (ed.) 6530. Canberra: Australian Bureau of Statistics. 

Australian Bureau of Statistics 2017c. Australian Census 2016: DataPacks. In: Australian 
Bureau of Statistics (ed.). Canberra. 

Australian Council of Social Service 2014. Poverty in Australia 2014. 2014 ed. New South 
Wales, Australia: Australian Council of Social Service. 

Australian Council of Social Service 2016. Poverty in Australia 2016. New South Wales, 
Australia: Australian Council of Social Service. 

Australian Energy Regulator 2018. 201-18 Q3 Customers on a hardship program - by 
jurisdiction. 

Azpitarte, F., Johnson, V. & Sullivan, D. 2015. Fuel poverty, household income and energy 
spending: An empirical analysis for Australia using HILDA data. 

Baccini, P. & Brunner, P. H. 1991. Metabolism of the Anthroposphere, Springer-Verlag.  
Baccini, P. & Brunner, P. H. 2012. Metabolism of the anthroposphere: analysis, evaluation, 

design, Cambridge, Mass, MIT Press.  
Barrett, G. F., Crossley, T. F. & Worswick, C. 2000. Consumption and Income Inequality in 

Australia. Economic Record, 76, 116-138. doi:10.1111/j.1475-4932.2000.tb00011.x 
Barton, H. 2009. Land use planning and health and well-being. Land Use Policy, 26, 

Supplement 1, S115-S123. doi:10.1016/j.landusepol.2009.09.008 
Baxter, L. W., Feldman, S. L., Schinnar, A. P. & Wirtshafter, R. M. 1986. An efficiency 

analysis of household energy use. Energy Economics, 8, 62-73. doi:10.1016/0140-
9883(86)90031-9 

Beech, A., Dollman, R., Finlay, R. & La Cava, G. 2014. The Distribution of Household 
Spending in Australia. Bulletin, March Quarter, 13-22.  



48 
 

Berry, B. J. L. & Okulicz-Kozaryn, A. 2011. An Urban-Rural Happiness Gradient. Urban 
Geography, 32, 871-883. doi:10.2747/0272-3638.32.6.871 

Bhattacharyya, S. C. 2011. Energy Economics: Concepts, Issues, Markets and Governance, 
London, Springer London: London. doi:10.1007/978-0-85729-268-1 

Bishop, J. & Cassidy, N. 2017. Insights into Low Wage Growth in Australia. Bulletin [Online], 
2017. Available: rba.gov.au/publications/bulletin/2017/mar/ [Accessed 24.03.2017]. 

Boardman, B. 2012. Fuel poverty synthesis: Lessons learnt, actions needed. Energy Policy, 49, 
143-148. doi:10.1016/j.enpol.2012.02.035 

Bourne, L. S. 1992. Self-fulfilling prophecies?: Decentralization, inner city decline, and the 
quality of urban life. Journal of the American Planning Association, 58, 509-513. 
doi:10.1080/01944369208975832 

Bouwman, M. E. 2000. Changing mobility patterns in a compact city: Environmental impacts. 
In: De Roo, G. & Miller, D. (eds.) Compact cities and sustainable urban development: 
A critical assessment of policies and plans from an international perspective. United 
Kingdom: Ashgate.  

Bouzarovski, S. & Petrova, S. 2015. A global perspective on domestic energy deprivation: 
Overcoming the energy poverty–fuel poverty binary. Energy Research & Social 
Science, 10, 31-40. doi:10.1016/j.erss.2015.06.007 

Bradshaw, J. & Hutton, S. 1983. Social policy options and fuel poverty. Journal of Economic 
Psychology, 3, 249-266. doi:10.1016/0167-4870(83)90005-3 

Bramley, G., Dempsey, N., Power, S., Brown, C. & Watkins, D. 2009. Social Sustainability and 
Urban Form: Evidence from Five British Cities. Environment and Planning A: 
Economy and Space, 41, 2125-2142. doi:10.1068/a4184 

Breheny, M. 1995. The Compact City and Transport Energy Consumption. Transactions of the 
Institute of British Geographers, 20, 81-101. doi:10.2307/622726 

Breheny, M. 2000. Centrists, decentrists and compromisers: views on the future of urban form. 
In: Jenks, M., Burton, E. & Williams, K. (eds.) The compact city: A sustainable urban 
form. London: E & FN Spon.  

Breheny, M. J. 1992. Sustainable development and urban form, London, Pion London.  
Brezzi, M., Mario Piacentini, Konstantin Rosina & Sanchez-Serra, D. 2012. Redefining urban 

areas in OECD countries, OECD Publishing. doi:10.1787/9789264174108-en 
Brown, C. V., Jackson, P. M. & Mcleod, P. 1990. Public sector economics, Basil Blackwell 

Oxford.  
Bruce, A., Watt, M. & Passey, R. Who buys PV systems? A survey of NSW residential PV 

rebate recipients.  Solar09, the 47th ANZSES annual conference, Townsville, 
Queensland, Australia, 2009. 

Burchell, R. O. W., Shad, N. A., Listokin, D., Phillips, H., Downs, A., Seskin, S., Davis, J. S., 
Moore, T., Helton, D. & Gall, M. 1998. The Costs of Sprawl--Revisited. Washington: 
Transit Cooperative Research Program (TCRP)  

Burke, T. & Ralston, L. 2015. Household energy use: Consumption and expenditure patterns 
1993-2012. Sydney: CRC for Low Carbon Living.  

Burton, E. 2000. The Compact City: Just or Just Compact? A Preliminary Analysis. Urban 
Studies, 37, 1969-2006. doi:10.1080/00420980050162184 

Burton, E. 2002. Measuring Urban Compactness in UK Towns and Cities. Environment and 
Planning B: Planning and Design, 29, 219-250. doi:10.1068/b2713 

Butler, G. J., Flood, J. & Tucker, S. N. 1984. Determinants of housing expenditure in Australia. 
Environment and Planning A, 16, 1099-1113.  

Capello, R. & Camagni, R. 2000. Beyond Optimal City Size: An Evaluation of Alternative 
Urban Growth Patterns. Urban Studies, 37, 1479-1496. 
doi:10.1080/00420980020080221 

Castells, M. 1996. Volume 1: The Rise of the Network Society. Oxford: Blackwell Publishers. 
Chester, L. 2013. The impacts and consequences for low-income Australian households of 

rising energy prices. Sydney, Australia: University of Sydney. 
Chester, L. 2014. Energy Impoverishment: Addressing Capitalism's New Driver of Inequality. 

Journal of Economic Issues, 48, 395-404. doi:10.2753/JEI0021-3624480213 



49 
 

Chester, L. & Morris, A. 2011. A new form of energy poverty is the hallmark of liberalised 
energy sectors. Australian Journal of Social Issues, 46, 435-459. doi:10.1002/j.1839-
4655.2011.tb00228.x 

Coyle, S. 2011. Sustainable and resilient communities: a comprehensive action plan for towns, 
cities, and regions, Hoboken, NJ, John Wiley & Sons.  

Daniels, N. 2016. Reflective equilibrium. The Stanford Encyclopedia of Philosophy [Online]. 
Available: plato.stanford.edu/ [Accessed 03.02.2017]. 

Dantzig, G. B. & Saaty, T. L. 1973. Compact city : a plan for a liveable urban environment / 
George B. Dantzig, Thomas L. Saaty, San Francisco, San Francisco : W. H. Freeman.  

Davis, L. W. 2012. Evaluating the slow adoption of energy efficient investments: Are renters 
less likely to have energy efficient appliances? In: Fullerton, D. & Wolfram, C. (eds.) 
The Design and Implementation of U.S. Climate Policy. USA: University of Chicago 
Press.  

Defilippis, J. & Fainstein, S. S. 2015. Readings in Planning Theory, Chicester, Wiley-
Blackwell.  

Department of Industry and Science 2015. 2015 Energy White Paper. Australia: Australian 
Government, Department of Industry and Science. 

Dodson, J. 2012. Transforming Australia's 'housing solution': How we can better plan suburbia 
to meet our future challenges. In: Tomlinson, R. (ed.) Australia's unintended cities: the 
impact of housing on urban development. Collingwood, Vic: CSIRO Pub.  

Dorsman, A., Simpson, J. L. & Westerman, W. 2013. Energy Economics and Financial 
Markets, Berlin, Heidelberg, Springer Berlin Heidelberg: Berlin, Heidelberg. 
doi:10.1007/978-3-642-30601-3 

Easthope, H. & Randolph, B. 2009. Governing the Compact City: The Challenges of Apartment 
Living in Sydney, Australia. Housing Studies, 24, 243-259. 
doi:10.1080/02673030802705433 

Echenique, M. H., Hargreaves, A. J., Mitchell, G. & Namdeo, A. 2012. Growing Cities 
Sustainably. Journal of the American Planning Association, 78, 121-137. 
doi:10.1080/01944363.2012.666731 

Essential Services Commission 2017. Victorian Energy Market report 2016-17. Victoria, 
Australia. 

Ewing, R. 1997. Is Los Angeles-Style Sprawl Desirable? Journal of the American Planning 
Association, 63, 107-126. doi:10.1080/01944369708975728 

Ewing, R. & Cervero, R. 2010. Travel and the built environment. Journal of the American 
Planning Association, 76, 265-294. doi:10.1080/01944361003766766 

Ewing, R. & Hamidi, S. 2015. Compactness versus Sprawl: A Review of Recent Evidence from 
the United States. Journal of Planning Literature, 30, 413-432. 
doi:10.1177/0885412215595439 

Fainstein, S. S. (ed.) 2010. The just city, Ithaca: Cornell University Press. 
Fainstein, S. S. & Defilippis, J. 2015. Introduction: The structure and debates of planning 

theory. In: Defilippis, J. & Fainstein, S. S. (eds.) Readings in Planning Theory. 
Chicester, UNKNOWN: Wiley.  

Farbotko, C. & Waitt, G. 2011. Residential air-conditioning and climate change: Voices of the 
vulnerable. Health Promotion Journal of Australia: Official Journal of Australian 
Association of Health Promotion Professionals, 22, S13-S16.  

Ferrao, P. & Fernandez, J. E. 2013. Chapter 2. Urban Metabolism: Resource Consumption of 
Cities. Sustainable Urban Metabolism. Cambridge: MIT Press.  

Fleurbaey, M. 2016. Economics and Economic Justice. The Stanford Encyclopedia of 
Philosophy [Online]. Available: plato.stanford.edu/ [Accessed 03.01.2017]. 

Forrest, R. & Hirayama, Y. 2014. The financialisation of the social project: Embedded 
liberalism, neoliberalism and home ownership. Urban Studies, 52, 233-244. 
doi:10.1177/0042098014528394 

Forster, C. 2006. The Challenge of Change: Australian Cities and Urban Planning in the New 
Millennium. Geographical Research, 44, 173-182. doi:10.1111/j.1745-
5871.2006.00374.x 



50 
 

Fox, R. & Finlay, R. 2012. Dwelling Prices and Household Income. Bulletin.  
Frey, H. 1999. Designing the city: Towards a more sustainable urban form, USA, Routledge. 

doi:10.4324/9780203362433 
Fthenakis, V. & Kim, H. C. 2009. Land use and electricity generation: A life-cycle analysis. 

Renewable and Sustainable Energy Reviews, 13, 1465-1474. 
doi:10.1016/j.rser.2008.09.017 

Fuller, S. & Mccauley, D. 2016. Framing energy justice: Perspectives from activism and 
advocacy. Energy Research & Social Science, 11, 1-8. doi:10.1016/j.erss.2015.08.004 

Gaigné, C., Riou, S. & Thisse, J.-F. 2012. Are compact cities environmentally friendly? Journal 
of Urban Economics, 72, 123-136. doi:10.1016/j.jue.2012.04.001 

Glaeser, E. 2012. Triumph of the City: How Our Greatest Invention Makes Us Richer, Smarter, 
Greener, Healthier, and Happier, London, Penguin US.  

Glaeser, E. L. 2008. The Economic Approach to Cities. Harvard Institute of Economic 
Research Discussion doi:10.2139/ssrn.1080294 

Glassman, D., Wucker, M., Isaacman, T. & Champilou, C. 2011. The Water-Energy Nexus, 
Adding Water to the Energy Agenda. In: Capital, E. (ed.) World Policy Papers,. World 
Policy Institute; EBG Capital. 

Gleeson, B. 2006. Settled in Suburbia. Australian Heartlands: Making Space for Hope in the 
Suburbs. Allen & Unwin.  

Goldthau, A. & Sovacool, B. K. 2012. The uniqueness of the energy security, justice, and 
governance problem. Energy Policy, 41, 232-240. doi:10.1016/j.enpol.2011.10.042 

Gordon, P. & Richardson, H. W. 1997. Are Compact Cities a Desirable Planning Goal? Journal 
of the American Planning Association, 63, 95-106. doi:10.1080/01944369708975727 

Gray, R. & Gleeson, B. 2007. Energy Demands of Urban Living: What Role for Planning? State 
of Australian Cities Conference. Sydney, Australia. 

Haines, F. & Mcconnell, D. 2016. Environmental norms and electricity supply: an analysis of 
normative change and household solar PV in Australia. Environmental Sociology, 2, 
155-165. doi:10.1080/23251042.2016.1155690 

Hanink, D. M. 1997. Principles and Applications of Economic Geography, New York, John 
Wiley & Sons, Inc.  

Hansson, S. O. 2016. The Ethics of Economic Decision Rules. The Oxford Handbook of 
Professional Economic Ethics. Oxford University Press.  

Hausman, D. M. 2012. Philosophy of Economics. In: Zalta, E. N. (ed.) The Stanford 
Encyclopedia of Philosophy. Winter 2013 ed.: Metaphysics Research Lab, Stanford 
University.  

Hayward, D. 1986. The Great Australian Dream reconsidered: A review of Kemeny. Housing 
Studies, 1, 210-219. doi:10.1080/02673038608720579 

Headey, B. 2008. Poverty Is Low Consumption and Low Wealth, Not Just Low Income. Social 
Indicators Research, 89, 23-39. doi:10.1007/s11205-007-9231-2 

Heffron, R. J. & Mccauley, D. 2014. Achieving sustainable supply chains through energy 
justice. Applied Energy, 123, 435-437. doi:10.1016/j.apenergy.2013.12.034 

Higgins, L. & Lutzenhiser, L. 1995. Ceremonial Equity: Low-Income Energy Assistance and 
the Failure of Socio-Environmental Policy. Social Problems, 42, 468-492. 
doi:10.2307/3097042 

Hills, J. 2012. Getting the measure of fuel poverty, Final Report of the Fuel Poverty Review. In: 
Hills, J. (ed.) Hills Fuel Poverty Review. London, UK: Centre for Analysis of Social 
Exclusion, The London School of Economics and Political Science. 

Holden, E. & Norland, I. T. 2005. Three challenges for the compact city as a sustainable urban 
form: Household consumption of energy and transport in eight residential areas in the 
greater Oslo region. Urban Studies, 42, 2145-2166. doi:10.1080/00420980500332064 

Huber, M. 2015. Theorizing Energy Geographies. Geography Compass, 9, 327-338. 
doi:10.1111/gec3.12214 

Hulse, K., Reynolds, M., Stone, W. & Yates, J. 2015. Supply shortages and affordability 
outcomes in the private rental sector: short and longer term trends. Australia: AHURI. 



51 

Jacobs, D. & Rush, A. 2015. Why is wage growth so low? Bulletin [Online], 2015. Available: 
rba.gov.au/publications/bulletin/2015/jun/2.html [Accessed 15.03.2017]. 

Jamasb, T. & Meier, H. 2011. Energy spending and vulnerable households. Cambridge Working 
Papers in Economics 1109. Cambridge, UK: Electricity Policy Research Group, Faculty 
of Economics, University of Cambridge. 

Janda, M. 2016. Housing costs in Australia second only to Hong Kong. Australian Broadcasting 
Corporation. 

Jenkins, K., Mccauley, D., Heffron, R., Stephan, H. & Rehner, R. 2016. Energy justice: A 
conceptual review. Energy Research & Social Science, 11, 174-182. 
doi:10.1016/j.erss.2015.10.004 

Jenks, M., Williams, K. & Burton, E. 2000. Achieving sustainable urban form, New York; 
London, E & FN Spon. 

Judd, D. R. 2011. Theorizing the City. City, Revisited : Urban Theory from Chicago, Los 
Angeles, and New York. Minneapolis, US: University of Minnesota Press.  

Karathodorou, N., Graham, D. J. & Noland, R. B. 2010. Estimating the effect of urban density 
on fuel demand. Energy Economics, 32, 86-92. doi:10.1016/j.eneco.2009.05.005 

Karlsson, C., Andersson, M. & Norman, T. 2015. Handbook of Research Methods and 
Applications in Economic Geography, Cheltenham, UNKNOWN, Edward Elgar 
Publishing.  

Keirstead, J., Jennings, M. & Sivakumar, A. 2012. A review of urban energy system models: 
Approaches, challenges and opportunities. Renewable and Sustainable Energy Reviews, 
16, 3847-3866. doi:10.1016/j.rser.2012.02.047 

Kennedy, R. This subtropical life: Are new apartment buildings providing locally-appropriate 
outcomes for apartment living in Brisbane?  Healthy Housing 2016: Proceedings of the 
7th International Conference on Energy and Environment of Residential Buildings, 
2016. Queensland University of Technology, 239-250. 

Kolm, S.-C. 1996. The theory of justice. Social Choice and Welfare, 13, 151-182.  
Kpmg 2016. Quantifying the costs of customers experiencing difficulties in paying energy bills 

Australia. 
Kyttä, M., Broberg, A., Haybatollahi, M. & Schmidt-Thomé, K. 2015. Urban happiness: 

context-sensitive study of the social sustainability of urban settings. Environment and 
Planning B: Planning and Design, 43, 34-57. doi:10.1177/0265813515600121 

Lamont, J. & Favor, C. 2013. Distributive Justice. The Stanford Encyclopedia of Philosophy 
[Online]. Available: plato.stanford.edu/ [Accessed 03.02.2017]. 

Lawson, T. 2015. Continuing myths and fallacies of modern economics. The Nature and State 
of Modern Economics. Routledge. doi:10.4324/9781315724416 

Legendre, B. & Ricci, O. 2015. Measuring fuel poverty in France: Which households are the 
most fuel vulnerable? Energy Economics, 49, 620-628. 
doi:10.1016/j.eneco.2015.01.022 

Maller, C. J. & Strengers, Y. 2011. Housing, heat stress and health in a changing climate: 
promoting the adaptive capacity of vulnerable households, a suggested way forward. 
Health Promotion International, 26, 492-498. doi:10.1093/heapro/dar003 

Malo, J. 2016. Brisbane apartment ‘hot boxes’ not suited for local climate, QUT research 
suggests [Online]. Australia: Domain. Available: domain.com.au/news/brisbane-
apartment-hot-boxes-not-suited-for-local-climate-qut-research-suggests-20161202-
gt0hc9/ [Accessed 3.12.16]. 

Marcuse, P., Connolly, J., Novy, J., Olivo, I., Potter, C. & Steil, J. (eds.) 2009. Searching for the 
just city: Debates in urban theory and practice, New York: Routledge. 

Matsumoto, T. & Sanchez-Serra, D. 2012. Chapter 1. The compact city concept in today’s 
urban contexts. Compact City Policies A Comparative Assessment OECD. 
doi:10.1787/22229523 

Max-Neef, M. A. 2005. Foundations of transdisciplinarity. Ecological Economics, 53, 5-16. 
doi:10.1016/j.ecolecon.2005.01.014 

Mcconnell, D., Hearps, P., Eales, D., Sandiford, M., Dunn, R., Wright, M. & Bateman, L. 2013. 
Retrospective modeling of the merit-order effect on wholesale electricity prices from 



52 

distributed photovoltaic generation in the Australian National Electricity Market. 
Energy Policy, 58, 17-27. doi:10.1016/j.enpol.2013.01.052 

Mcmahon, A. 2016. Brisbane could see 50,000 new inner-city apartments added to skyline, 
industry expert says. Australian Broadcasting Corporation. 

Meadowcroft, J. 2009. What about the politics? Sustainable development, transition 
management, and long term energy transitions. Policy Sciences, 42, 323. 
doi:10.1007/s11077-009-9097-z 

Mees, P. 2003. Paterson's Curse: The attempt to revive metropolitan planning in Melbourne. 
Urban Policy and Research, 21, 287-299. doi:10.1080/0811114032000113671 

Miller, D. 1999. Principles of social justice, Cambridge, Harvard University Press.  
Mitchell, R. E. 1971. Some Social Implications of High Density Housing. American 

Sociological Review, 36, 18-29. doi:10.2307/2093503 
Mitchell, W. J. 1999. E-topia : "Urban life, Jim--but not as we know it", Cambridge, MA, MIT 

Press.  
Mongin, P. 2006. Value Judgments and Value Neutrality in Economics. Economica, 73, 257-

286. doi:10.1111/j.1468-0335.2006.00501.x
Moore, R. 2012. Definitions of fuel poverty: Implications for policy. Energy Policy, 49, 19-26. 

doi:10.1016/j.enpol.2012.01.057 
Moore, T., Ridley, I., Strengers, Y., Maller, C. & Horne, R. 2016. Dwelling performance and 

adaptive summer comfort in low-income Australian households. Building Research & 
Information, 1-14. doi:10.1080/09613218.2016.1139906 

Morikawa, M. 2012. Population density and efficiency in energy consumption: An empirical 
analysis of service establishments. Energy Economics, 34, 1617-1622. 
doi:10.1016/j.eneco.2012.01.004 

Mulligan, M. 2015. Australian households awash with debt: Barclays. The Sydney Morning 
Herald. 

Myors, P., O’leary, R. & Helstroom, R. 2005. Multi unit residential building energy and peak 
demand study. NSW, Australia: NSW Department of Infrastructure, Planning & Natural 
Resources. 

Nance, A. 2013. Relative Energy Poverty in Australia. Australia: St. Kitts Associates. 
Nelson, T., Simshauser, P. & Kelley, S. 2011. Australian residential solar feed-in tariffs: 

Industry stimulus or regressive form of taxation? Economic Analysis and Policy, 41, 
113-129. doi:10.1016/S0313-5926(11)50015-3 

Neuman, M. 2005. The Compact City Fallacy. Journal of Planning Education and Research, 
25, 11-26. doi:10.1177/0739456x04270466 

Newman, P. 1992. The compact city: An Australian perspective. Built Environment (1978-), 18, 
285-300. doi:jstor.org/stable/23288520 

Newton, P. & Doherty, P. 2014. The challenges to urban sustainability and resilience. In: 
Pearson, L., Newton, P. & Doherty, P. (eds.) Resilient Sustainable Cities: A Future. 
New York: Routledge.  

Nussbaum, M. C. 2005. Mill between Aristotle and Bentham. In: Bruni, L. & Porta, P. L. (eds.) 
Economics and happiness : framing the analysis. Oxford: Oxford University Press. 

Ong, R., Parkinson, S., Searle, B. A., Smith, S. J. & Wood, G. A. 2013. Channels from Housing 
Wealth to Consumption. Housing Studies, 1-25. doi:10.1080/02673037.2013.783202 

Ott, J. 2010. Greater Happiness for a Greater Number: Some Non-controversial Options for 
Governments. Journal of Happiness Studies, 11, 631-647. doi:10.1007/s10902-010-
9206-x 

Ott, J. 2011. Government and Happiness in 130 Nations: Good Governance Fosters Higher 
Level and More Equality of Happiness. Social Indicators Research, 102, 3-22. 
doi:10.1007/s11205-010-9719-z 

Parkinson, S., Searle, B. A., Smith, S. J., Stoakes, A. & Wood, G. 2009. Mortgage Equity 
Withdrawal in Australia and Britain: Towards a Wealth-fare State? International 
Journal of Housing Policy, 9, 365-389. doi:10.1080/14616710903357185 

Perkins, A., Hamnett, S., Pullen, S., Zito, R. & Trebilcock, D. 2009. Transport, Housing and 
Urban Form: The Life Cycle Energy Consumption and Emissions of City Centre 



53 
 

Apartments Compared with Suburban Dwellings. Urban Policy and Research, 27, 377 - 
396.  

Piketty, T. & Goldhammer, A. 2014. Capital in the twenty-first century, Cambridge 
Massachusetts, The Belknap Press of Harvard University Press.  

Poruschi, L. & Ambrey, C. L. 2018. Densification, what does it mean for fuel poverty and 
energy justice? An empirical analysis. Energy Policy, 117, 208-217. 
doi:10.1016/j.enpol.2018.03.003 

Poumanyvong, P. & Kaneko, S. 2010. Does urbanization lead to less energy use and lower CO2 
emissions? A cross-country analysis. Ecological Economics, 70, 434-444. 
doi:10.1016/j.ecolecon.2010.09.029 

Randolph, B. 2006. Delivering the compact city in Australia: Current trends and future 
implications. Urban Policy and Research, 24, 473-490. 
doi:10.1080/08111140601035259 

Rao, N. D. & Baer, P. 2012. “Decent Living” Emissions: A Conceptual Framework. 
Sustainability, 4, 656.  

Rawls, J. 1971. A Theory of Justice (Original), Cambridge, US, Harvard University Press.  
Rawls, J. 1974. The Independence of Moral Theory. Proceedings and Addresses of the 

American Philosophical Association, 48, 5-22. doi:10.2307/3129858 
Rehdanz, K. 2007. Determinants of residential space heating expenditures in Germany. Energy 

Economics, 29, 167-182. doi:10.1016/j.eneco.2006.04.002 
Reserve Bank of Australia 2016. E7 Household Debt – Distribution. In: Australia, R. B. O. (ed.) 

Statistical Tables. 2016 ed. Australia: Reserve Bank of Australia. 
Rickerson, W. 2014. Residential prosumers - drivers and policy options (re-prosumers) 

International Energy Agency Renewable Energy Technology Deployment. 
Ringen, S. 1987. The possibility of politics: a study in the political economy of the welfare state, 

Transaction Publishers.  
Ryan, P. & Stone, T. 2016. Household Wealth in Australia: Evidence from the 2014 HILDA 

Survey. Bulletin [Online]. Available: rba.gov.au/publications/bulletin/2016/jun/pdf/bu-
0616-1.pdf [Accessed 10.02.2017]. 

Sassen, S. 2001. The global city : New York, London, Tokyo / Saskia Sassen, Princeton, N.J., 
Princeton, N.J. : Princeton University Press.  

Scott, A. J. 2001. Global city-regions : trends, theory, policy / edited by Allen J. Scott, 
Cambridge, Eng. : New York, Cambridge, Eng. : New York : Oxford University Press.  

Scott, S., Lyons, S., Keane, C., Mccarthy, D. & Tol, R. S. J. 2008. Fuel poverty in Ireland : 
Extent, affected groups and policy issues. ESRI Working Papers [Online]. Available: 
hdl.handle.net/10419/50106. 

Seeling, T., Thompson, A., Burke, T., Pinnegar, S., Mcnelis, S. & Morris, A. 2009. 
Understanding what motivates households to become and remain investors in the 
private rental market  Australia: Australian Housing and Urban Research Institute. 

Seth, N. 2014. Perpetuating the problem: neoliberalism, commonwealth public policy and 
housing affordability in Australia. Australian Journal of Social Issues, 49, 329-347. 
doi:doi:10.1002/j.1839-4655.2014.tb00316.x 

Simshauser, P., Nelson, T. & Doan, T. 2011a. The Boomerang Paradox, Part I: How a Nation's 
Wealth Is Creating Fuel Poverty. The Electricity Journal, 24, 72-91. 
doi:10.1016/j.tej.2010.12.001 

Simshauser, P., Nelson, T. & Doan, T. 2011b. The Boomerang Paradox, Part II: Policy 
Prescriptions for Reducing Fuel Poverty in Australia. The Electricity Journal, 24, 63-
75. doi:10.1016/j.tej.2011.01.017 

Singer, P. 2011. Practical ethics, Cambridge, Cambridge University Press.  
Soper, K. 2007. Re-thinking the 'Good Life': The citizenship dimension of consumer 

disaffection with consumerism. Journal of Consumer Culture, 7, 205-229. 
doi:10.1177/1469540507077681 

Sovacool, B. K. 2012. The political economy of energy poverty: A review of key challenges. 
Energy for Sustainable Development, 16, 272-282. doi:10.1016/j.esd.2012.05.006 

Sovacool, B. K. 2013. Energy & Ethics. United Kingdom: Palgrave Macmillan. 



54 
 

Sovacool, B. K. 2014a. Diversity: Energy studies need social science. Nature, 511, 529-530. 
doi:10.1038/511529a 

Sovacool, B. K. 2014b. What are we doing here? Analyzing fifteen years of energy scholarship 
and proposing a social science research agenda. Energy Research and Social Science, 1, 
1-29. doi:10.1016/j.erss.2014.02.003 

Sovacool, B. K. & Dworkin, M. H. 2015. Energy justice: Conceptual insights and practical 
applications. Applied Energy, 142, 435-444. doi:10.1016/j.apenergy.2015.01.002 

Sovacool, B. K., Heffron, R. J., Mccauley, D. & Goldthau, A. 2016. Energy decisions reframed 
as justice and ethical concerns. Nature Energy, 1, 16024. doi:10.1038/nenergy.2016.24 

Sovacool, B. K., Sidortsov, R. V. & Jones, B. R. 2013a. Chapter 1. The global energy system 
beyond technology and economics. Energy security, equality and justice. Routledge.  

Sovacool, B. K., Sidortsov, R. V. & Jones, B. R. 2013b. Chapter 2. Deciphering energy justice 
and injustice. Energy security, equality and justice. United Kingdom: Routledge.  

Sovacool, B. K., Sidortsov, R. V. & Jones, B. R. 2013c. Energy security, equality and justice, 
Routledge.  

Spreng, D. 2014. Transdisciplinary energy research – Reflecting the context. Energy Research 
& Social Science, 1, 65-73. doi:10.1016/j.erss.2014.02.005 

Thomas, L. & Cousins, W. 1996. A new compact city form: concepts in practice. In: Jenks, M., 
Burton, E. & Williams, K. (eds.) The compact city: a sustainable urban form? London ; 
Melbourne: E & FN Spon.  

Thomson, W. 2011. Chapter Twenty-One - Fair Allocation Rules. In: Kenneth J. Arrow, A. S. 
& Kotaro, S. (eds.) Handbook of Social Choice and Welfare. Elsevier. 
doi:10.1016/S0169-7218(10)00021-3 

Toeffler, A. & Toeffler, H. 2006. Part 6. Prosuming. Revolutionary Wealth. United States: 
Random House.  

Torras, M. & Surie, G. 2015. On the Quantity Bias in Economics. Journal of Economic Issues, 
49, 1028-1044. doi:10.1080/00213624.2015.1105033 

Troy, P. N. 1996. Chapter 3. The environmental imperative. In: Troy, P. N. (ed.) The perils of 
urban consolidation : a discussion of Australian housing and urban development 
policies. Sydney: Federation Press.  

United Kingdom Government 2013. Fuel poverty statistics,. 
United Nations 2010. Energy for a sustainable future: Report and recommendations. The 

Secretary-General’s Advisory Group on Energy and Climate Change. 
Van Den Nouwelant, R., Davison, G., Gurran, N., Pinnegar, S. & Randolph, B. 2015. 

Delivering affordable housing through the planning system in urban renewal contexts: 
converging government roles in Queensland, South Australia and New South Wales. 
Australian Planner, 52, 77-89. doi:10.1080/07293682.2014.914044 

Walker, G. 2009. Beyond distribution and proximity: Exploring the multiple spatialities of 
environmental justice. Antipode, 41, 614-636. doi:10.1111/j.1467-8330.2009.00691.x 

Walker, G. 2014. The dynamics of energy demand: Change, rhythm and synchronicity. Energy 
Research & Social Science, 1, 49-55. doi:10.1016/j.erss.2014.03.012 

Walker, G. & Day, R. 2012. Fuel poverty as injustice: Integrating distribution, recognition and 
procedure in the struggle for affordable warmth. Energy Policy, 49, 69-75. 
doi:10.1016/j.enpol.2012.01.044 

Walzer, M. 2008. Spheres of Justice: A Defense of Pluralism and Equality, United States of 
America, Basic Books.  

Watson, D. & Maitre, B. 2015. Is fuel poverty in Ireland a distinct type of deprivation? The 
Economic and Social Review, 46, 267-291.  

Wilkenfeld, G. 2004. A National Demand Management Strategy for Small Air Conditioners. 
Canberra, Australia: National Appliance and Equipment Energy Efficiency Committee 
(NAEEEC). 

Wilson, S. & Turnbull, N. 2000. Australia's secret Keynesianism. Australian Review of Public 
Affairs [Online]. Available: australianreview.net/digest/2000/08/wilson_turnbull.html 
[Accessed 11 .08.2000]. 



55 
 

Wood, G., Parkinson, S., Searle, B. & Smith, S. J. 2013. Motivations for Equity Borrowing: A 
Welfare-switching Effect. Urban Studies. doi:10.1177/0042098013477706 

Worthington, A. C. 2006. Debt as a source of financial stress in Australian households. 
International Journal of Consumer Studies, 30, 2-15. doi:10.1111/j.1470-
6431.2005.00420.x 

Wright, K. 2010. The Relationship between Housing Density and Built-Form Energy Use. 
Environment Design Guide, 65, 1-8.  

Yates, J. 2016. Why Does Australia Have an Affordable Housing Problem and What Can Be 
Done About It? Australian Economic Review, 49, 328-339. doi:10.1111/1467-
8462.12174 

 



56 
 

Chapter 3. On the confluence of city living, energy 
saving behaviours and direct residential energy 
consumption 
 

 

  



57 
 

 
STATEMENT OF CONTRIBUTION TO CO-AUTHORED PUBLISHED PAPER 

 

This chapter includes a co-authored paper. The bibliographic details of the  
co-authored paper, including all authors, are: 

Poruschi, L., Ambrey, C.L., 2016. On the confluence of city living, energy saving behaviours and 
direct residential energy consumption. Environmental Science & Policy 66, 334-343. 
doi:10.1016/j.envsci.2016.07.003 

My contribution to the paper involved: Writing and compilation of manuscript, data analysis and 
the preparation of tables and figures. 

 
(Signed) _________________________________ (Date)______________ 

Corresponding author of paper: Lavinia Poruschi 

 

(Countersigned) ___________________________ (Date)________________ 
Co-author and supervisor: Dr Christopher L Ambrey 

 

 
 
 
 
This Chapter is an exact copy of the journal article content referred to above. 
 

  



58 
 

Foreword  

The first chapter of analysis investigates the connections between income, dwelling type, tenure 

type and city living, in terms of both a household’s energy saving behaviours and direct residential 

energy consumption using a cross-sectional dataset based on Australia’s Household Energy 

Consumption Survey (HECS). This chapter investigates whether an econometric connection 

exists between higher density areas, identified as the Australian capital cities and also as non-

detached dwellings, and total energy use, actions to conserve energy, and with access to renewable 

energy. This part of the analysis takes advantage of a nationally representative survey, rich in 

information on reported actual energy consumption (rather than energy expenditure per se) and 

energy-related behaviours. This chapter finds that a specific type of disadvantage the potential to 

lead to energy unjust outcomes, being a renter, is associated with considerably lower access to 

renewable energy generation (77% less likely), and with taking fewer actions to save energy. The 

findings show that financial advantage (higher income) is not only associated with higher energy 

use, but also there seems to be a preference at higher levels of income to take fewer energy saving 

actions and make use of solar electricity. Within the broader scope of the thesis this work 

establishes that some of the specific forms of energy injustice (reduced accessibility to renewable 

energy, fewer activities to save energy) are econometrically associated with higher density urban 

structure and financial disadvantage. 

Highlights 

• Capital city living is associated with higher levels of direct energy consumption 

• Key characteristics of capital cities are negatively linked to energy saving behaviours 

• Capital city living is linked to direct energy use through energy saving behaviours 

• A wider range of energy saving behaviours is more likely to be adopted outside of capital 

cities 

• Renters are less likely to engage in energy saving behaviours 
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Chapter 3. On the confluence of city living, energy saving 
behaviours and direct residential energy consumption 

 

Abstract 

The purpose of this study is to shed light on the connection between income, dwelling type, tenure type 

and city living, in terms of both a household’s energy saving behaviours and direct residential energy 

consumption. This study employs data from the Household Energy Consumption Survey, Australia. 

Using a seemingly unrelated regression (SUR) system of equations the results reveal some key 

mechanisms which may allow householders to realise lower levels of energy consumption and hence 

lower carbon emissions. The results indicate that there are characteristics unique to living in a city that 

are linked to higher levels of direct residential energy consumption. On a number of measures (e.g. 

household income, tenure type and dwelling type), the results point to a lower likelihood of engaging in 

energy saving behaviours in cities. Also, depending on the number of energy saving behaviours, these 

actions have the potential to more than offset higher direct residential energy consumption of 

householders residing in separate houses. Coupled with these findings renters, a more vulnerable social 

group, are found to be significantly disadvantaged, suffering from a much lower adaptive capacity. 

Specifically, householders who rent their home are 77% less likely to have solar electricity and are less 

likely to engage in energy saving actions. A result which may reflect differences in ontological security 

and the greater psychological burden associated with undertaking energy saving behaviours (a barrier) 

borne by renters not shared with home owners. In all, these findings point to the need: (1) to continue to 

evaluate the advantages of urban consolidation, in its current form, as a pathway to the promotion 

adaptive capacity; and (2) to remedy social inequalities and hence their implications for pro-

environmentally related behaviour. 

Keywords: Australia; Cities; Direct energy consumption; Energy saving behaviours; Household Energy 

Consumption Survey; Pro-environmental behaviours; 

JEL: Q41; Q42; R2
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3.1 Introduction 
It is widely regarded that policies to address climate change should involve a combination of both 

mitigation and adaptation measures (cf. Klein et al. 2005). Moreover, the combination of climate 

policies need to appreciate their interdependent relationship with poverty reduction, energy security and 

disaster risk reduction, inter alia (Kok and de Coninck 2007, Rosenzweig et al. 2015). Not always 

cognisant of dependencies, sustainable energy-efficient cities have been heralded as the crucibles of 

sustainable growth and a key pathway on the quest to combat and adapt to climate change (Glaeser 

2012). 

Imbedded within this advocacy of urban consolidation are efforts to understand and address 

householders’ energy consumption, alongside which a blossoming body of literature has emerged 

investigating the promotion of household pro-environmental or energy saving behaviours more 

specifically (e.g. Abrahamse et al. 2005, Barr et al. 2005, Sütterlin et al. 2011, Sovacool and Blyth 

2015).1 However, despite the best efforts of earlier researchers, poor research design has made it 

difficult to distinguish between the effectiveness of the different strategies (Abrahamse et al. 2005). 

Coupled with this opaqueness, small sample sizes and samples comprised of highly motivated 

participants add another layer of uncertainty to the findings of many earlier studies. This raises further 

questions regarding the extent to which firm conclusions may be drawn from these findings and how 

generalisable any conclusions may be to the broader population (Abrahamse et al. 2005). 

On the periphery of efforts to promote household pro-environmental or energy saving behaviours and 

at an intersection with endeavours to understand households’ energy consumption in cities are some 

emerging arguments that the socioeconomic characteristics of cities may determine pro-environmental 

behaviours. That is, tenure type, dwelling type and city living through their association with particular 

ideologies (Gilderbloom and Markham 1995) and pro-social behaviour (DiPasquale and Glaeser 1999) 

may impact pro-environmental behaviour. Surprisingly, the role of socioeconomic characteristics such 

as these in influencing pro-environmental behaviours has received little attention to date (Ambrosius 

and Gilderbloom 2015). However, new knowledge is required on the pathways through which social 

forces may allow humanity to exist within the constraints of the planet’s life-support systems 

(Bettencourt et al. 2007, Steg and Vlek 2009, Khan and Borgstrom-Hansson 2016). 

In terms of quantifying the social and economic mechanisms, while some studies have been limited to 

modelling energy expenditure (cf. Rehdanz 2007, Wiedenhofer et al. 2013) others have modelled direct 

energy consumption (cf. Cao et al. 2015). To the extent of the knowledge of the authors though, none 

have yet to wed drivers of energy saving behaviours explicitly to energy consumption. The purpose of 

1 Pro-environmental behaviour, as described by Steg and Vlek (2009, p. 309), refers to “behaviour that harms the 
environment as little as possible, or even benefits the environment”. The focus in this study is on energy saving 
behaviours as a subset of pro-environmental behaviour. 
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this study is to fill this gap and reveal the connection between income, dwelling type, tenure type and 

living in a city, in terms of both direct residential energy consumption in the home and a household’s 

energy saving behaviours. In doing so, this study provides new evidence on the determinants of pro-

environmental behaviours and of direct residential energy consumption. Through the creation of this 

evidence this study overcomes methodological challenges faced by earlier studies in terms of research 

desgin, sample size, representativeness and operationalisation (Rehdanz 2007, Wiedenhofer et al. 

2013). It reveals insights into the lack of opportunities available to vulnerable groups to engage in pro-

environmental behaviour, which may prove useful to policy makers seeking to mitigate and adapt to 

climate change in a manner that reflects a degree of sensitivity to social inequality. 

Section 3.1 reports the theoretical background and relevant evidence. Section 3.2 discusses the data and 

method, while Section 3.3 reports the results of the analysis. Finally, Section 3.4 concludes offering 

insights for policy and future research. 

3.1.1 Theoretical background 

Figure 3.1 provides an abstract representation of the relations explored in this study. Figure 3.1 

illustrates the hypothesised indirect link between household income, tenure type, dwelling type, city 

living and direct energy consumption through energy saving behaviours (a subset of pro-environmental 

behaviours more generally). The line of inquiry in the study follows the distinct link between capital 

city living and aspects of urban form (compacter dwellings) with direct residential energy consumption 

through the medium of energy savings behaviours. That is, the inquiry is conducted both in terms of: 

(1) direct links with direct residential energy consumption and (2) indirect links with direct residential

energy consumption which function through a household’s energy saving behaviours. Figure 3.1 also

illustrates the hypothesised direct link between household income, tenure type, dwelling type, city living 

and other relevant determinants of direct energy consumption.

In terms of the link between householders’ characteristics and energy saving behaviours in particular, 

household income, may be negatively related to more minor energy saving behaviours (e.g. through 

diminishing marginal utility of income making households increasingly indifferent to switching 

appliances off at the wall or taking shorter showers). However, a priori, household income (by 

providing opportunity) is expected to be positively linked to more substantive energy saving behaviours 

(e.g. making the installation of solar electricity (PV panels) and/or a solar hot water system more 

feasible). Particularly as personal wealth is found at the top of empirical factors determining social 

vulnerability to natural hazards along with density of the built environment or home ownership among 

others (Cutter et al. 2003). 

Surprisingly, the link between tenure type, dwelling type, city living and pro-environmental behaviour 

has received little attention in the literature (Ambrosius and Gilderbloom 2015). Some scholars have 
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hypothesised that such factors may be indicators of political ideology (Gilderbloom and Markham 

1995) or pro-social behaviours (DiPasquale and Glaeser 1999) and that residents in denser urban areas 

are more progressive and environmentally conscious. Ideology and pro-social behaviours provide 

plausible motivational explanations for differences in both undertaking energy saving behaviours 

around the home and more substantial decisions to install solar electricity (PV panels) and/or a solar 

hot water system. It is also likely though that property rights (e.g. home ownership) both permit (making 

opportunities available) and incentivise households to engage in more significant, longer term energy 

saving behaviours (e.g. solar electricity (PV panels)). Conversely, more disadvantaged groups may not 

have these options available to them to engage in such behaviours. It is hypothesised that through these 

different channels, socioeconomic characteristics may affect energy saving behaviours and therefore 

may indirectly impact direct energy consumption. 

Parallel to this hypothesised relation, these same socioeconomic characteristics may also directly affect 

direct energy consumption. For example, household income, may directly affect direct energy 

consumption through budget constrained income-inelastic preferences for direct energy (Fan and 

Hyndman 2011). And tenure type, dwelling type, city living may reflect residual ideological and pro-

social behaviours thought to be characteristic of residents in denser urban areas. It may also reflect the 

general contention that urban consolidation is ‘green’ (Glaeser 2012). According to the built 

environment perspective dense cities are generally thought to offer economies of scale in terms of public 

infrastructure; reduced transmission and reduced distribution losses of energy supply all which lead to 

decreased energy consumption. However, critics argue that increasingly dense urban areas instead cause 

traffic congestion, overcrowding and air pollution which outweigh these benefits; increasing energy 

consumption and emissions (Burton 2000, Capello and Camagni 2000, Poumanyvong and Kaneko 2010, 

Gaigné et al. 2012). 
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Figure 3.1. Conceptual diagram 

3.1.2 Determinants of householders’ direct residential energy consumption 

A large number of earlier  studies identify sets of determinants of householders’ direct energy 

consumption composed of a mix of economic, social and physical environment factors, including 

economic variables such as energy price and income, household characteristics or dwelling 

characteristics (cf. Gatersleben et al. 2002, Independent Pricing and Regulatory Tribunal 2011, inter 

alia, Cao et al. 2015). Notably, the existing evidence points to householders’ direct energy consumption 

being negatively and inelastically related to energy price (Fan and Hyndman 2011, Sovacool and Blyth 

2015), while income is inelastically linked to energy demand (Cao et al. 2015). However, the relative 

importance of social and economic variables to determining direct energy consumption and their 

theorectical underpinnings remain unclear and continue to be debated (Black et al. 1985, Friedland et 

al. 2003). 

Within the array of physical characterstics, aside from residential space size or materials used, the form 

of the built environment in which residences are located has been the focus of research efforts in urban 

planning, among other disciplines. Direct energy consumption as argued by protagonists of urban 

consolidation is determined by urban form. Whether one considers an operationalisation of urban form 

as: population density (cf. Rehdanz, 2007) or some index of sprawl (cf. Ewing & Rong, 2008); debate 

continues to surround this relationship. Both urban form and the opportunities that one has available to 

them are relevant to directly determining their direct residental consumption behaviours or indirectly 

through their impact on pro-environmental energy saving behaviours. 
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3.1.3 Determinants of householders’ pro-environmental energy saving behaviours 

In terms of specific determinants of pro-environmental energy saving behaviours, there has been little 

research on nonmotivational2 variables such as income, tenure type, dwelling type and living in urban 

areas which reflect endowments of opportunities and adaptive capacity (Gatersleben et al. 2002). 

Energy saving behaviours by definition are related to direct energy consumption. However, many pro-

environmental behaviours which are popularly understood as being environmentally significant may 

not lead to lower energy consumption or may be offset by other choices (Friedland et al. 2003). Further, 

even  highly environmentally aware consumers may still undertake relative few energy saving measures 

themselves (Sütterlin et al. 2011).  

Income is one nonmotivational variable that provides opportunities and abilities. Income allows 

households to pay for energy conservation measures (Long 1993). It may also mean that some 

households are better placed to make sacrifices and offset utility forgone in other (hopefully less 

environmentally harmful), perhaps more fulfilling and meaningful domains of life. However, the 

preferences of higher income households for reducing energy bills tend to favour technological 

solutions over behavioural changes (Poortinga et al. 2003). This preference is consistent with the 

diminishing marginal utility of income. 

Home ownership is another factor which from a nonmotivational perspective may facilitate the 

installation of renewable energy sources providing: the necessary property rights to undertake 

modifications; the ability to make longer-term plans regarding the dwelling (O’Doherty et al. 2008); 

and even the ability to access finance through the equity accrued within one’s home (Parkinson et al. 

2009). In contrast, renters are a vulnerable group due to the precariousness of their housing status. 

Renters are rarely able to modify their dwellings and in some cases are found to pay more for space 

heating (Rehdanz 2007). Further, renters may also have less control over the appliances they use (Davis 

2012). Independent of whether or not tenure type, dwelling type and living in denser communities are 

thought to reflect motivational qualities, the existing evidence, although not unequivocal, points to 

higher levels of pro-environmental behaviour in cities (cf. Ambrosius and Gilderbloom 2015). 

In order to deduce the environmental significance or magnitude of an impact of behaviours (e.g. in 

terms of energy consumption), encompassing rebound effects (Greening et al. 2000), it is useful to 

express pro-environmental or hypothesised energy saving behaviours as part of an energy consumption 

function (Gatersleben et al. 2002). This method provides a mechanism for wedding the literature on 

direct household energy consumption to that on pro-envirnomental energy behaviours and 

simultaneously providing an indication of their efficacy. 

2 For reasons argued in Section 3.1.1 these variables may also be thought as motivational. 
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3.2 Data and method 
To begin with, this section details the data employed in the study. Then this section reports on the 

estimation strategy used. 

3.2.1 The Household Energy Consumption Survey, Australia 

This data set is provided by the Australian Bureau of Statistics and contains information on a 

household’s direct energy consumption, energy saving behaviours and sociodemographic 

characteristics. The survey collection period was of one year (a cross-section) covers the period from 

the 2011-12 financial year to the 2012-13 financial year. The survey scope covers by design 97% of the 

Australian population, using a sampling procedure designed for reliability for results at the capital state 

level or state/territory level (Australian Bureau of Statistics 2013). While 46.5% of households in the 

sample reside in geographic areas which are by definition Australia’s capital cities when compared to 

other cities around the world these cities are relatively less densely populated (Australian Bureau of 

Statistics 2014). In this regard, ‘(capital) city-living’ in Australia is characterised by for example, 256 

residents per square kilometre. In contrast, living outside of Australia’s capital cities is characterised by 

1 resident per square kilometre. These differences provide an indication of the degree to which ‘(capital) 

city-living’ is denser than areas outside of Australia’s capital cities. 

In terms of the dependent variable, direct energy consumption, this variable is calculated by taking the 

sum of the household’s weekly consumption of electricity, mains gas, bottled gas or liquefied petroleum 

gas (converted to a common energy unit (Gigajoule)).2F

3 Deserving of further explanation, one of the key 

independent variables, the average energy price variable; is obtained by dividing “Total weekly 

expenditure ($AUD)” by “Total weekly consumption (GJ)” (cf. Cao et al. 2015). A detailed description 

of the variables and descriptive statistics is provided in Table 3.1. 

Table 3.1. Descriptive statistics 

Variable name Definition Mean 
(std. dev.) 

% 

Direct energy Current weekly total (comprised of 
electricity, natural gas and liquefied 
petroleum gas) direct energy 
consumption for the household in 
Gigajoules (GJ) 

0.6769 
(0.7480) 

Energy price 
Energy price Average energy price is obtained by 

dividing “Total weekly expenditure 
($AUD)” by “Total weekly consumption 
(GJ)” 

103.6963 
(228.8355) 

Household characteristics 

3 Conversion factors to GJ: Electricity (kWh) 0.0036; Natural gas (MJ) 0.0010; Liquefied petroleum gas (L) 
0.0262. 
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Household income Current weekly disposable household 
income 

1521.4560 
(1193.4970) 

 

Household members Number members of the household 2.4488 
(1.2774) 

 

Dependent children Number of dependent children in the 
household  

0.4671 
(0.8871) 

 

Over 65 years of age Household contains a person of 65 years 
of age or older 

 22.1% 

Saver Household is able to save money most 
weeks 

 43.2% 

Renter Household rents dwelling  24.7% 
Number of energy 
saving actions 

Number of actions household members 
are currently taking to reduce energy use4 

5.2143 
(1.6849) 

 

Dwelling characteristics    
Has solar electricity Dwelling has solar electricity  19.0% 
Has insulation Dwelling has insulation  77.0% 
Separate house Dwelling type is a separate house  82.6% 
Number of bedrooms Number of bedrooms in dwelling 3.1327 

(0.8810) 
 

Older dwelling Dwelling is greater than 20 years old  65.4% 
Two or more hot water 
systems 

Dwelling contains two or more hot water 
systems 

 3.0% 

Geography    
Capital city Household is located in capital city  46.5% 
Victoria Household is located in Victoria  18.0% 
Queensland Household is located in Queensland  13.9% 
South Australia Household is located in South Australia  16.2% 
Western Australia Household is located in Western 

Australia 
 14.9% 

Tasmania Household is located in Tasmania  9.6% 
Northern Territory Household is located in Northern 

Territory 
 3.3% 

Australian Capital 
Territory 

Household is located in Australian 
Capital Territory 

 6.3% 

Seasonality    
December quarter Household interviewed in December 

quarter 
 33.0% 

March quarter Household interviewed in March quarter  19.0% 
June quarter Household interviewed in June quarter  23.9% 

Climate conditions    
Climate zone 1 Household falls within climate zone 1 

(High humid summer, warm winter) 
 4.6% 

Climate zone 2 Household falls within climate zone 2 
(Warm humid summer, mild winter) 

 12.1% 

Climate zones 3/4 Household falls within climate zone ¾ 
(Hot dry summer, cool or warm winter) 

 6.7% 

Climate zone 6 Household falls within climate zone 6 
(Warm temperate) 

 26.6% 

Climate zone 7/8 Household falls within climate zone 7/8 
(Cool temperate/Alpine) 

 18.5% 

                                                           
4 Includes: using a low-flow shower head; using energy efficient light bulbs for the majority of lights (such as 
CFLs); taking short showers; using cold water for all or most clothes washes; drying clothes on a washing line for 
all or most washes; switching appliances off at the wall; switching off chargers for rechargeable appliances when 
not in use; and using draft-proofing seals on doors and windows. 
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3.2.2 The estimation strategy 

While there is no single approach to modelling energy consumption this study models of the conceptual 

relations depicted in Figure 3.1 as a system of equations. Equation 1 is formulated similarly to Cao et 

al. (2015) modelling short-run direct residential energy consumption: 

ln Eh =α0 + α1 ln inch +  α2 ln priceh + ∑ α3ihhcih
j
i=1 + ∑ α4kdwckh

m
k=1 +  ∑ α5nDnh

p
n=1 +

εh1  
(1) 

 

Where E is treated as continuous and represents total weekly direct energy consumption (in GJ) for 

household h. inc denotes household income, price is the average energy price, hhci captures other 

household characteristic variables, i…j, such as housing tenure, the number of household members and 

the number of energy saving actions. dwck represents dwelling characteristic variables, k…m, including 

the dwelling type, number of bedrooms, whether or not the dwelling has solar electricity. Dn denotes a 

range of dummy variables, n…p, for location, climate zone and seasonality. Finally, ε is the error term. 

It is hypothesised within this direct energy consumption equation (Equation 1) energy saving 

behaviours, the number of energy saving actions (a household characteristic) and whether or not the 

dwelling has solar electricity (a dwelling characteristic) may be predetermined by household income, 

tenure type, dwelling type and whether or not a household is located in a capital city. Accordingly, as 

illustrated by Figure 3.1, nested with Equation 1, Equations 2 and 3 make the hypothesised relationships 

explicit. 

Specifically, Equation 2 (for the number of energy saving actions) takes the form: 

ESAh = β0 + β1inch +  β2renterh + β3separatehouseh +  β4capitalcityh + εh2             (2) 
 

Where ESA is treated as ordinal representing the number of different energy saving actions a household 

is currently undertaking. inc represents household income.5 renter is a dummy variable for whether or 

not the household rents their home. separatehouse denotes whether or not a dwelling is a separate house. 

capitalcity is a dummy variable capturing whether or not a household is located within a capital city. ε 

is the error term. 

Equation 3 (for whether or not a household has solar electricity) is defined as: 

SOLh = γ0 + γ1inch + γ2renterh + γ3separatehouseh +  γ4capitalcityh + εh3               (3) 

                                                           
5 Note that, different from Equation 1, inc is not transformed by a natural log. Also note that household income is 
measured in terms of thousands of $AUD rather than $AUD as is the case for Equation 1. 
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Where SOL is treated as dichotomous denoting dwelling has solar electricity. All other terms are as 

defined in Equation 2.6 

It should be noted though that this system is not an independent one. Energy savings behaviours (both 

“the number of energy saving actions” and “dwelling has solar electricity”) are assumed to affect direct 

energy consumption, although not the reverse. For a recursive system of equations such as Equations 1, 

2, and 3, where the errors are conjectured to be correlated across equations it is useful to estimate the 

system using Seemingly Unrelated Regressions (SUR). SUR estimation is equivalent to maximum 

likelihood estimation in the present circumstances, providing gains in terms of efficiency, accounting 

for heteroskedasticity and correlation of errors across equations (Zellner 1962). The estimation is 

carried out using Roodman's (2009) user written Stata command.7 

3.3 Results  
The model estimates for Equations 1, 2 and 3 are reported in Table 3.2. These same estimates are also 

graphed (in Figure 3.2, 3 and 4) to better illustrate the magnitudes and their significance.8 Specifically, 

these figures illustrate the mean estimates and 70%, 80%, 90%, 95% and 99% confidence intervals 

providing not only an indication of the degree of uncertainty surrounding the estimates but also 

revealing the extent to of differences between characteristics. To begin with, variance inflation factors 

indicate that none of the equations suffer from severe or worrisome multicollinearity. This means that 

there is enough variation in the data to identify the hypothesised links and produce stable estimates. 

Table 3.2. Model estimates 

Panel A   
ln(Direct energy)9 Coefficient (Robust standard 

error) 
Energy price   

ln(Energy price) -0.7765*** (0.0134) 
Household characteristics   

ln(Household income) 0.0993*** (0.0137) 
Household members 0.1635*** (0.0085) 
Dependent children -0.0604*** (0.0102) 
Over 65 years of age -0.0967*** (0.0173) 
Saver -0.0794*** (0.0125) 
Renter -0.0792*** (0.0221) 

                                                           
6 Whether or not a dwelling has insulation is arguably another indicator of energy saving behaviour. However, on 
this measure there appears to be little variation in the sample, 89% of households in the sample either have 
insulation installed in their dwelling or do not know if they have insulation installed. Exploratory analysis with 
insulation as an endogenous variable failed to converge. 
7 Equation 1 is specified as continuous equation, Equation 2 is specified as an ordered probit equation and 
Equation 3 is specified as a probit equation. 
8 Appendix A provides standardised regression results for Equation 1 (without natural log transformations) in 
Figure 3.A. 1 for interested readers. 
9 Although not reported here: “Don’t know if dwelling has insulation”; “Don’t know estimated age of dwelling”; 
and “Number of hot water systems in dwelling: Not applicable” are parameterised rather than dropped, preserving 
a larger number of observations without obscuring the variable’s interpretation. 
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Number of energy saving actions -0.1567*** (0.0322) 
Dwelling characteristics   

Has solar electricity -0.4028*** (0.0256) 
Has insulation 0.0808*** (0.0191) 
Separate house 0.1631*** (0.0220) 
Number of bedrooms 0.1141*** (0.0089) 
Older dwelling 0.0089 (0.0129) 
Two or more hot water systems 0.1416*** (0.0431) 

Geography   
Capital city 0.0369** (0.0148) 
Victoria 0.2008*** (0.0229) 
Queensland -0.2026*** (0.0353) 
South Australia 0.0458** (0.0206) 
Western Australia -0.1736*** (0.0224) 
Tasmania 0.0065 (0.0399) 
Northern Territory 0.0560 (0.0670) 
Australian Capital Territory 0.1630*** (0.0442) 

Seasonality   
December quarter -0.0334** (0.0152) 
March quarter 0.1542*** (0.0179) 
June quarter 0.2540*** (0.0169) 

Climate conditions   
Climate zone 1 0.1138* (0.0645) 
Climate zone 2 -0.0687* (0.0364) 
Climate zones 3/4 0.0737** (0.0295) 
Climate zone 6 -0.0327 (0.0209) 
Climate zone 7/8 0.0915** (0.0385) 

Panel B   
Number of energy saving actions Marginal effect10 (Delta method 

standard error) 
Household income (‘000s) -0.0982*** (0.0094) 
Renter -0.2713*** (0.0276) 
Separate house 0.1355*** (0.0322) 
Capital city -0.0614*** (0.0225) 
Panel C   
Has solar electricity Marginal effect11 (Delta method 

standard error) 
Household income (‘000s) 0.0543*** (0.0133) 
Renter -0.7748*** (0.0505) 
Separate house 0.5602*** (0.0596) 
Capital city -0.2616*** (0.0334) 
Summary statistics   
Observations 8480  
Wald test statistic Wald 𝜒𝜒2(41) = 

11644.4961 
 

Prob > 𝜒𝜒2 0.0000  
Standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 
                                                           
10 Interpreted as the probability of reporting to engage in 8 energy saving actions for a one-unit or discrete change 
(for dichotomous variables) in the independent variable. For example, residing a separate house is associated with 
a 13.55% greater likelihood of undertaking eight energy saving actions. 
11 Interpreted as the probability of reporting to have solar electricity for a one-unit or discrete change (for 
dichotomous variables) in the independent variable. For example, residing a separate house is associated with a 
56.02% greater chance of having solar electricity. 
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3.3.1 Panel A (Equation 1) results 

Beginning with the economic factors, Table 3.2 Panel A and Figure 3.2 suggest an own-price inelastic 

demand for total direct energy with a coefficient of -0.7765 strongly statistically significant at the one 

percent level. As the direct energy and energy price variables are both transformed by natural logarithms, 

this coefficient is interpreted as an elasticity. That is, for a one percent increase in energy price there is 

an associated 0.7765% lower level of direct energy consumption. For household income (also in natural 

logarithm form), a one percentage higher household income is associated with a 0.0993% greater level 

of direct energy consumption, statistically significant at the one percent level. Compared to the price 

elasticity, disposable income plays a smaller role in energy consumption. These first two results are 

comparable to Cao et al. (2015), while the Independent Pricing and Regulatory Tribunal (2011) found 

a larger estimate for Sydney households.12 

For household composition, taking the exponential of the coefficients not transformed by natural 

logarithms, a one-unit increase in the number of people in the household is associated with a 17.76% 

increase in direct residential energy consumption, as exp(0.1635) = 1.1776. Holding the number of 

household members constant, a one-unit increase in the number of dependent children in the household 

is associated with a 5.86% decrease in direct residential energy consumption. If the household contains 

a person 65 years of age or older, this attribute is associated with a 9.22% decrease in direct energy 

consumption respectively, statistically significant at the one percent level.  

Renting one’s dwelling is found to have a statistically significant negative effect (7.61%) on direct 

energy consumption. It may be that renters minimize overall expenses on utilities, although for 

particular expenses owners can be advantaged: Rehdanz (2007) finds owners in Germany spend less on 

heating. Independent of whether households are renters or not, if they can save money weekly, they 

seem to also be saving on their energy bills. That is, they use 7.63% less energy, statistically significant 

at the one percent level.  

With regards to a household’s dwelling characteristics, the presence of insulation is associated with an 

8.42% increase in direct energy consumption13. In line with earlier evidence (cf. McLoughlin et al. 2012, 

Cao et al. 2015), living in a separate house is linked to 17.72% higher levels of direct energy 

consumption compared to living in a flat or apartment dwelling, ceteris paribus. Similarly, the number 

of bedrooms (12.09%) and whether or not a dwelling is fitted with two or more hot water systems 

(15.21%) are linked to higher levels of direct energy consumption, both statistically significant at the 

                                                           
12 The result for Sydney relates to annual gross income rather than disposable weekly income figures. Further, the 
results are statistical significant at the 10% level (cf. Independent Pricing and Regulatory Tribunal, 2011, p. 121). 
13 This consistent although, paradoxical result may reflect the prevalence households with insulation in the sample. 
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one percent level. Whether or not the dwelling is 20 years of age or older is not found to be statistically 

significantly associated with direct energy consumption. 

Nonetheless, geography appears to explain some of the heterogeneity in direct residential energy 

consumption. Capital cities are associated with 3.76% higher levels of direct energy consumption, other 

things held constant, statistically significant at the one percent level.14 This is at odds with evidence 

from the United Kingdom. A difference which may reflect the confluence of methodological, climatic 

and housing differences (cf. Druckman and Jackson 2008). 

In terms of pro-environmental behaviours, the effect of solar electricity is found to be just over twice 

the size of the effect of undertaking an additional energy saving action within the home. After adjusting 

for factors, a one-unit increase in the number of energy saving actions household members undertake 

to reduce their energy consumption is associated with a 14.50% decrease in the amount of direct energy 

consumption, statistically significant at the one percent level.15 Also, households using solar power 

have 33.16% lower levels of direct energy consumption, statistically significant at the one percent level. 

With regards to climatic conditions, compared to mild temperate climates, climate zones characterised 

by: high humid summers, warm winters (climate zone 1, 12.05%); hot dry summers, cool or warm 

winters (climate zone 3/4, 7.65%); cool temperate/alpine (climate zone 7/8, 9.58%) climates are 

associated with higher levels of direct energy consumption. In comparison, households located in warm 

humid summers, mild winters (climate zone 2) are associated 6.64% lower levels of direct energy 

consumption. Only climate zone 6, denoting households in warm temperate climates, is not statistically 

significant. 

 

                                                           
14 Supplementary analysis without controls, reveals 10.4% greater levels of direct energy consumption in capital 
cities compared to outside of capital cities, statistically significant at the one percent level. 
15 If households members engaged in just another two energy saving actions this would be associated with a 100(1-
exp(-0.1567*2)) = 26.90% lower level of direct energy consumption. 



72 

 
Figure 3.2. Coefficient estimates (Equation 1). Dependent variable: ln (Direct energy). Although not reported here: 

“Don’t know if dwelling has insulation”; “Don’t know estimated age of dwelling”; and “Number of hot water systems in 
dwelling: Not applicable” are parameterised rather than dropped, preserving a larger number of observations without 

obscuring the variable’s interpretation. Source: Derived from Household Energy Consumption Survey, Australia, 2012 data 

Figure 3.2 reveals some intriguing insights regarding some of the key factors which may not be 

immediately obvious from examining Table 3.2 Panel A in isolation. In particular, while the link may 

be characterised as inelastic Figure 3.2 (and more straightforwardly still in Figure 3.A. 1) indicates that 

compared to other characteristics higher energy prices are most strongly linked to lower levels of direct 

energy consumption. Furthermore, solar electricity and to a lesser extent a one-unit increase in the 

number of energy saving actions also appear to be associated with lower levels of direct energy 

consumption. In contrast, living in a capital city is associated with higher levels of direct energy 

consumption. 

3.3.2 Panel B (Equation 2) results 

Table 3.2 Panel B and Figure 3.3 report the marginal effects for Equation 2, all of which are statistically 

significant at conventional levels. The marginal effects are interpreted as the probability of reporting to 

engage in eight energy saving actions for a one-unit or discrete change (for dichotomous variables) in 

the independent variable. The results suggest that a AUD$1000 increase in disposable household 

income is associated with a 9.82% lower likelihood of reporting household members engaging in eight 

energy saving actions. Households renting their homes are 27.13% less likely to report household 

members engaging in eight energy saving actions. While householders in separate houses are 13.55% 

more likely to report household members engaging in eight energy saving actions. In contrast, 

households in capital cities are 6.14% less likely to report household members engaging in eight energy 

saving actions. 
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Figure 3.3. Marginal effect estimates (Equation 2). Dependent variable: Number of energy saving actions. Marginal 
effects are interpreted as the probability of reporting to engage in 8 energy saving actions for a one-unit or discrete 

change (for dichotomous variables) in the independent variable. For example, residing a separate house is associated 
with a 13.55% greater likelihood of undertaking eight energy saving actions. Source: Derived from Household Energy 

Consumption Survey, Australia, 2012 data 

 
Figure 3.3 provides a visual representation of the results reported in Table 3.2 Panel B. It is clear that 

all of the terms are distinguishable from zero. Also, the negative link between disposable household 

income and the number of energy saving behaviours is most precisely estimated. Moreover, while 

households renting their homes or residing in separate houses are estimated with a greater degree of 

error these associations diverge noticeably from zero. In comparison, the magnitude of the negative link 

between residing in a capital city and engaging in eight energy saving actions, is potentially quite small. 

3.3.3 Panel C (Equation 3) results 

Table 3.2 Panel C and Figure 3.4 report the marginal effects for Equation 3, all of which are statistically 

significant at the one percent level. The marginal effects are interpreted as the probability of reporting 

to have solar electricity for a one-unit or discrete change (for dichotomous variables) in the independent 

variable. The results point to a 5.43% greater chance of having solar electricity for a AUD$1000 higher 

level of disposable household income. Households renting their home are 77.48% less likely to have 

solar electricity. Further, residing in a separate house compared to not residing in a separate house is 

linked to a 56.02% greater chance of reporting to have solar electricity. While residing in a capital city 

is associated with a 26.16% lower likelihood of reporting to have solar electricity. 

 

Household income (‘000s)
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Figure 3.4. Marginal effect estimates (Equation 3). Dependent variable: Has solar electricity. Interpreted as the probability 
of reporting to have solar electricity for a one-unit or discrete change (for dichotomous variables) in the independent 
variable. For example, residing a separate house is associated with a 56.02% greater chance of having solar electricity. 
Source: Derived from Household Energy Consumption Survey, Australia, 2012 data. 

 
Figure 3.4 illustrates the results reported in Table 3.2 Panel C. Most notably, Figure 3.4 highlights the 

starkly different probabilities of reporting to have solar electricity. It is clear from Figure 3.4 that this 

depends to a great extent on whether a household rents their home or resides in a separate house. It is 

also worth noting that while a AUD$1000 higher level of disposable household income is associated 

with a greater likelihood of having solar electricity, the size of the marginal effect is quite modest. In 

addition, Figure 3.4 indicates that residing in a capital city is distinct from zero and linked to a lower 

likelihood of reporting to have solar electricity. 

3.4 Conclusions and policy implications 
The purpose of this study is to shed light on the connection between income, dwelling type, tenure type 

and city living, in terms of both direct residential energy consumption in the home and a household’s 

energy saving behaviours. These links are rarely explored in the literature.  

The results reported in this study point to some indirect channels through which income, dwelling type, 

tenure type and living in a capital city could be affecting direct energy consumption. The findings 

provide further confirmatory evidence of the often hypothesised diminishing marginal utility of income 

and the potential additional options opportunities afforded to households with higher incomes. 

Opportunity to shape energy consumption are increased by living in a detached dwelling both in terms 
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of solar energy and energy saving behaviour (the latter cf. Ambrosius and Gilderbloom 2015). Yet, this 

opportunity may not be helped by living in a city: the findings showed living in a capital city is 

associated with being less likely to engage in eight energy saving actions and less likely to have solar 

electricity. 

The results also indicate that renters are significantly disadvantaged, suffering from a much lower 

adaptive capacity. Householders who rent their home are 77% less likely to have solar electricity and 

are less likely to engage in energy saving actions perhaps reflecting differences in ontological security 

and a greater psychological burden (a barrier) borne by renters not shared with home owners. These 

stark differences between renters and home owners illustrate the practical obstacle of property rights 

and translates to higher long-term vulnerability for those who rent their homes (O’Doherty et al. 2008). 

Social inequalities could become even more deeply ingrained if the ability to adapt to and mitigate 

climate change is not afforded equally to all groups of households (Koresawa and Konvitz 2001, Owens 

and Driffill 2008, Steele et al. 2012, Heffron and McCauley 2014). 

Prima facie, it is tempting to draw the conclusion that popular notions of environmentally significant 

behaviours are not all that significant, as Gatersleben et al. (2002) have concluded. However, these 

results, provide hope that energy saving actions can make a difference to direct energy consumption. A 

higher number of energy saving actions (between two (26.90%) or three (37.51%) additional actions) 

is, on average, roughly equivalent to the effect of having solar electricity. Depending on the number of 

energy saving behaviours, these actions have the potential to more than offset higher direct residential 

energy consumption of householders residing in separate houses. Future research efforts may be able 

to provide further insight into potential differences in the magnitude between the effects of specific 

energy saving actions and solar electricity installations. 

Broadly speaking, the findings of this study revealed that at least in terms of direct energy consumption, 

levels are, on average, approximately 10% higher for households in capital cities compared to 

households outside of capital cities. Further, holding other things constant, income, living in separate 

house as opposed to other denser residential dwellings and living in a capital city are all directly linked 

to higher levels of direct energy consumption. It is less likely for urban dwellers to be reducing their 

energy consumption through energy saving actions and for them to benefit from solar electricity. Energy 

saving behaviours are more likely to occur outside of capital cities and may more than offset (in terms 

of direct energy consumption) the greater energy demands of living in a separate house, even when one 

considers a separate house may have one or two additional bedrooms. These findings lend confidence 

to the view that compact cities do not reduce energy consumption (Gordon and Richardson 1997) and 

Neuman’s (2005, p. 12) position that: “…the main principle of sustainability, process, is more critical 

than form—compact or otherwise—in attaining a more sustainable city expounding on the importance 
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of processes, relative to urban form”.16 Beyond providing some evidence to help inform this debate, the 

results presented here also provide policy makers and urban planners with evidence on the implications 

of social inequality for climate change mitigation and adapation behaviours. 

In particular, the findings of this research indicate that renters and households in non-detached 

dwellings face significant impediments to engaging in energy saving behaviours. Hence, these groups 

are not able to benefit from lower energy consumption and a reduced per unit price of energy 

consumption. Also, not only are renters are not well-positioned to save or engage in pro-environmental 

behaviours they are also more vulnerable to natural hazards (cf. Cutter et al. 2003), with fewer financial 

options to insulate themselves from any adverse events. For these reasons, relatively disadvantaged 

groups (lower income or renting) face significant impediments to engaging in pro-environmental 

behaviours (and hence their ability to mitigate and adapt to climate change) which will only exacerbate 

the vulnerability of already vulnerable groups and allow social inequalities to become even more deeply 

ingrained. It seems (capital) city living in its current form, is not necessarily the pathway to lower energy 

consumption and lower emissions. The relationship between high-density housing and low energy 

consumption cannot be taken as a given (Wright 2010). These findings point to the need: (1) to continue 

to evaluate the advantages of urban consolidation, in its current form, as a pathway to the promotion 

adaptive capacity; and (2) to remedy social inequalities and their impacts on pro-environmentally 

related behaviour.  

                                                           
16 Where ‘processes’ relate to the sustainability of building, living, consuming and producing. 
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Appendix 3.A 
Figure A.1: 

Figure 3.A. 1. Standardised coefficient estimates (Equation 1 without natural log transformations). Dependent variable: Direct energy. Although not reported here: “Don’t know if 
dwelling has insulation”; “Don’t know estimated age of dwelling”; and “Number of hot water systems in dwelling: Not applicable” are parameterised rather than dropped, preserving a 

larger number of observations without obscuring the variable’s interpretation. Source: Derived from Household Energy Consumption Survey, Australia, 2012 data 
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Foreword  
 

The analysis presented in this chapter explores the relationship between the urban consolidation 

hypothesis and energy justice in Australia using longitudinal data from the Household, Income 

and Labour Dynamics in Australia (HILDA) Survey for the years 2007 - 2014. This study 

establishes that financial disadvantage and high population density together can lead to further 

disadvantage by increasing the risk of households being fuel poor. This chapter provides an 

exploration of the energy justice implications of urban consolidation in terms of the affordability 

principle being challenged through the existence of factors encouraging fuel poverty. 

 

Highlights 

• Low income households are far more likely to experience fuel poverty. 

• Low income households in denser areas are more likely to experience fuel 

poverty. 

• Renting households in denser areas are less likely to experience fuel poverty. 

• Apartment-dwelling (two or three storeys) households are less likely to 

experience fuel poverty. 
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Chapter 4. Densification, what does it mean for fuel 

poverty and energy justice? An empirical analysis 
 

Abstract 

Energy is increasingly at the forefront of the global political agenda. While there is a longstanding 

literature relating to fuel poverty and increasingly energy justice, there remains little evidence 

which explores its link with the urban form. Specifically, the purpose of this study is to explore 

the relationship between the urban consolidation hypothesis and the cultivation of energy justice 

in Australia. This study uses data from the Household, Income and Labour Dynamics in Australia 

(HILDA) survey (years 2007-2014), a national probability sample and indefinite life panel. The 

substantive findings of this study demonstrate that for low income and renting households greater 

urban density corresponds to a higher likelihood of experiencing fuel poverty. Further, for 

households with a dwelling type described as an apartment (two or three storeys) there is a 

separate and quite generalisable indication that this type of dwelling is associated with a lower 

likelihood of experiencing fuel poverty. This study connects the debate regarding urban 

consolidation and energy consumption to the fuel poverty and energy justice literature. Alongside 

this contribution, this study also provides policymakers and planners with new evidence to inform 

remediation policies that are directed at supporting the fuel poor. 

Keywords: Density; Disadvantage; Energy justice; Fuel poverty; Household, Income and Labour 

Dynamics in Australia (HILDA) survey; Urban Consolidation 

JEL: I32; Q41; R20; R23 
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4.1 Introduction 

Energy is increasingly at the forefront of the global political agenda. A growing awareness of 

poverty, inequality, climate change and energy security have drawn attention to the energy-social 

justice nexus. Urban socio-technical transformations of key infrastructure, such as energy 

systems, need to occur at the intersection of sustainability and liveability with their performance 

monitored and evaluated against measures of social equity, environmental sustainability and 

liveability (Newton, 2012). Throughout the world millions of households suffer from “fuel 

poverty”, generally regarded as spending 10 percent or more of household income on energy 

(Liddell, 2012a, b; Liddell et al., 2012). Having the capacity to heat or cool and maintain thermal 

comfort is inextricably linked to human health and wellbeing (Wilkinson et al., 2007), particularly 

for the very young, the handicapped and older residents. In this regard, the World Health 

Organization recommends that indoor air temperatures in the home should range between 18-

24 ºC to protect human health (Ormandy and Ezratty, 2012). As explained by Boardman (2012b), 

thermal comfort, freedom from intense anxiety about paying for energy needs, the affordability 

of adequate hot water and light are part of our human rights, enshrined in the UN’s Declaration: 

“Everyone has the right to a standard of living adequate for the health and well-being of 

himself and of his family, including food, clothing, housing and medical care.” (United 

Nations, 1948, article 25(1))     

Nevertheless, fuel poverty is a growing concern in many countries, driven primarily by higher 

fuel prices that are not offset by energy efficiency improvements in the homes of the fuel poor 

(Boardman, 2012b). Since 2007 household energy prices have risen significantly across Australia 

(Azpitarte et al., 2015). This has been attributed to electricity sector liberalisation, over-

investment in grid development and other factors (Chester and Morris, 2011; Graham et al., 2015; 

Nelson, 2015; Parkinson, 2014; Simshauser et al., 2011a, b; Smith, 2013).1 Notably a driving 

factor of gas and energy prices overall is the set-up of extensive operations which divert gas from 

the domestic market to export, without a legal requirement to ensure affordable supply to the local 

market (Australian Competitor & Consumer Commission, 2016; Queensland Government, 2010). 

No study has yet to consider how urban consolidation, through gains in energy efficiency and 

changes to household level energy consumption behaviour, may mitigate the risk of experiencing 

fuel poverty. 

                                                           
1 Initially, the rise in prices was attributed to a rapid growth in peak demand for electricity, the need for greater capacity 
attendant cost pressures across the electricity production chain (cf. Simshauser et al., 2011a, b). However subsequent 
peer-reviewed and grey literature show a reduction in peak demand (Nelson, 2015; Smith, 2013). The energy market 
appears to show a confluence of factors leading to a reduction in total annual energy consumption, with opposing 
pressures on peak demand leaving a series of questions to be answered with regard to what the future of the grid and 
energy prices will be (Australian Energy Regulator, 2017; Graham et al., 2015). 
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Urban consolidation or densification is often heralded as the pathway to sustainability (Glaeser, 

2012; Morikawa, 2012; Neuman, 2005; Newman, 1992). It is argued that dense cities offer 

economies of scale in terms of public infrastructure; reduced transmission and reduced 

distribution losses of energy supply, compact housing with reduced heating/cooling needs all of 

which are thought to lead to decreased energy consumption (Burton, 2000; Capello and Camagni, 

2000; Gaigné et al., 2012; Poumanyvong and Kaneko, 2010). Nonetheless, urban development 

focused on higher-density living intended to reduce energy consumption and enhance energy 

savings can lead to higher energy use behaviours (e.g. higher reliance on air-conditioning), less 

opportunity to save or switch to alternative sources and in turn greater entrenched disadvantage 

(Farbotko and Waitt, 2011; Gray and Gleeson, 2007; Newton and Newman, 2013; Poruschi and 

Ambrey, 2016; Steemers, 2003). To the extent that a more dense urban form contributes to lower 

energy consumption (cf. Holden and Norland, 2005), it is conceivable that it may also mitigate 

the risk of suffering from fuel poverty. In this sense, the compactness of development may be 

advocated as a means of redressing energy injustice. 

The purpose of this study is to investigate empirically the role of a denser urban form, as it has 

unfolded in Australia, in mitigating the risk of fuel poverty. Density induced household level 

energy consumption behaviour is reasoned to underlie this empirical link. To the extent of the 

knowledge of the authors, this is the first study to explicitly test this link. In doing so, this study 

makes a distinct contribution to the fuel poverty and energy justice literature. Alongside this 

contribution, this study also provides policymakers and planners with new evidence to inform 

remediation policies directed at supporting the fuel poor. 

Other work has analysed consumer behaviour related to switching energy providers and what 

factors influence how quickly the switch is made (e.g. Kleit et al., 2012; McDaniel and Groothuis, 

2012), preferences for sources to access renewable energy and willingness to pay for this access 

(e.g. Yang et al., 2016), controlling consumption behaviour through technology (e.g. Diaz-

Mendez et al., 2018). With the goal of informing the urban planning community and energy 

policymakers, this study departs from studying modification in consumer behaviour and focuses 

on whether there is an association between changes in the density of the urban form and changes 

in the risk of fuel poverty. 

In this study, it is maintained that fuel poverty can be understood as an expression of energy 

injustice. It involves the diminished capacity to access energy services and thereby to secure a 

healthy living environment (Walker and Day, 2012). Situated within the emerging broader energy 

justice literature fuel poverty may be conceived of as a manifestation of the different dimensions 

of energy justice; energy production (e.g. different forms of technology), consumption; and 
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related to environmental justice research, the issues of distributive and procedural justice (Fuller 

and McCauley, 2016). 

In detail, the aim of this study is to investigate a number of specific research questions. 

(1) What is the extent to which low income households and households in denser areas are more 

likely to experience fuel poverty, other things held constant? This question is important to 

establish the presence of; magnitude and the generalisability, on average, of any such link 

between: low income and fuel poverty; and density and fuel poverty. Low income is defined as 

50% of the median income, a de facto poverty line (Australian Council of Social Service, 2014, 

2016; Headey, 2006). This measure differs from the poverty rate measure used by (Kleit et al., 

2012) which refers to the proportion of people in a customer’s zip code below the poverty line. 

 (2) What is the degree to which any link between density and fuel poverty depends on the having 

a low income, other things held constant? This research question moves beyond revealing an 

average link to examine the potential heterogeneity in the link between density and fuel poverty. 

In particular, the degree to which it may depend on financial disadvantage. This is integral to 

identify whether or not (and to what degree) for disadvantaged households greater density 

corresponds to a greater likelihood of experiencing fuel poverty. 

It should be acknowledged that encapsulated within the broader low income grouping used in this 

study is a diverse range of households. It is possible that the group-specific (e.g. low income 

seniors) experiences’ diverge in some way from the average experience of a low income 

household. 

(3) What is the magnitude to which any link between a household’s dwelling type and fuel poverty 

depends on low income, other things held constant? This research question goes further still, 

substituting density with a household’s dwelling type, which it is reasonable to expect are 

positively correlated and possibly indistinguishable from one another. Therefore, it is important 

to show, at least naively, whether or not (and to what magnitude) for low income households 

dwelling types correspond to a greater likelihood of experiencing fuel poverty. 

(4) To what extent are these differences distinguishable? This research question dispenses with 

the naïve characterisation of the potential heterogeneity in the link between density and fuel 

poverty. It aims to uncover whether or not (and by how much) for low income households there 

is a link between a household’s dwelling types and fuel poverty; and density and fuel poverty can 

be distinguished from one another. This is crucial for the identification of the link between, for 

low income households, a denser urban form and fuel poverty. 
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(5) Do other vulnerable groups, in denser areas, face a potentially heightened risk of fuel poverty,

other things held constant? This research question examines whether or not (and by what amount)

other vulnerable groups may also be at disproportionate risk of fuel poverty.

In all, it is envisaged that the insights gleaned by addressing these research questions will prove 

valuable to decision makers seeking to assist the fuel poor. In what follows, the remainder of 

Section 4.1 reports on the broader relevant evidence. Section 4.2 discusses the data and method, 

while section 4.3 reports the results of the analysis. Finally, section 4.4 discusses the findings and 

concludes offering insights for future research. 

4.1.1 Urban consolidation as a means to cultivate energy justice? 

Fuel poverty can be understood as an expression of energy injustice (Walker and Day, 2012). 

Relatedly, fuel poverty may be framed as a climate injustice, whereby households suffer 

disproportionately from climate change (or even adaptation and mitigation measures, such as 

Pigouvian taxation mechanisms) which risk further ingraining inequalities and the vulnerability 

of groups who already possess a limited capacity to adapt to anthropocentric climate change 

(Byrne et al., 2016; Callan et al., 2009; Poruschi and Ambrey, 2016; Roberts, 2008). 

Fuel poverty specifically though, depends to an extent on fuel prices and incomes, but more 

fundamentally it depends on the energy inefficiency of the home and capital equipment. These 

contributors to fuel poverty highlight the importance of capital expenditure, which the fuel poor, 

by definition, do not have the means to undertake. Exacerbating the plight of those experiencing 

fuel poverty is the absence of legal rights and responsibilities for enhancing the energy efficiency 

of the building in which they reside (Boardman, 2012b). Renters represent a case in point. The 

confluence of; (1) landlords’ incentives to maximise (minimise) the present value of investment 

profits (losses); and (2) renters’ limited capacity to control the fixtures and to some extent the 

appliances used; means that renters potentially face being burdened by higher energy costs 

(compared to home owners) for the purposes of heating and cooling (Davis, 2012; Rehdanz, 2007). 

This is one example of where policies to address fuel poverty do not necessarily need to be 

targeted at low income groups specifically. Rather, policies need to consider the more nuanced 

aspects of poverty (Bennett et al., 2002). 

An underappreciated consequence of urban planning and design policies that advocate urban 

consolidation is what these policies imply for fuel poverty, through energy consumption. Urban 

form may impact energy consumption in two significant ways: (a) at a network level, through 

system efficiencies due to expected lower line and distribution losses; and (b) at a household level, 

through building energy system impacts (e.g. reduced opportunities for direct solar gain, reduced 
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opportunities for cross-ventilation, reduced heat losses from conduction due to common walls and 

floors/ceilings) and related household level energy consumption behaviour. 

However, critics argue that increasingly dense urban areas instead cause traffic congestion, 

overcrowding and air pollution which outweigh these benefits; increasing energy consumption 

and emissions (Burton, 2000; Capello and Camagni, 2000; Gaigné et al., 2012; Poumanyvong 

and Kaneko, 2010). There could be a mismatch between economic activity and consolidation 

planning (Forster, 2006), which in turn can lead to energy gains in efficiency being offset by 

socioeconomic changes (Echenique et al., 2012). In addition, the more energy-efficient lifestyle 

of carefully designed medium-density communities can come under threat when further 

densification occurs (Carrick and Osborne, 2017). If the protagonists of urban consolidation are 

correct, a question which remains perhaps the most fundamental question facing urban researchers 

(cf. Randolph, 2004), then such policies would be expected to mitigate fuel poverty. 

According to the prevailing narrative, densification might be useful for reducing energy 

consumption in transport and there several examples of well-designed dense dwellings which can 

bring about energy savings (e.g. the Christie Walk development in Adelaide, Crabtree, 2005). It 

is likely though, that negative consequences such as reduced living space and a lack of affordable 

housing will follow (Burton, 2000; Karathodorou et al., 2010). Increased noise, increased air 

pollution, a lack of natural light, ventilation and greenery brought about by densification may lead 

to greater use of heating and air-conditioning and hence higher energy consumption, potentially 

offsetting decreases in energy use reduction (Byrne et al., 2016; Steemers, 2003). 

As noted by an anonymous reviewer, it is plausible that between these opposing perspectives a 

more tempered and moderate perspective exists. In this regard, it may be, as found for the United 

Kingdom, that for densities of 30-50 semi-detached buildings (e.g. townhouses and terrace 

houses) per hectare could realise improved use of passive solar energy (Owens, 1986). Moreover, 

in tropical environments, adding an internal courtyard improves thermal condition of other 

neighbouring spaces (Sadafi et al., 2011). Further, much like how attached dwellings can ‘share’ 

heating (cf. Tirado Herrero and Ürge-Vorsatz, 2012) it is also plausible that to some extent they 

may ‘share’ cooling (Owens, 1986).  

However, there is evidence to suggest that multi-storey units (Malo, 2016) and semi-detached 

dwellings (Stephan et al., 2013) respectively do not allow natural ventilation and are not overall 

superior to other residential forms. Ideally, the whole life-cycle of the building and its use would 

be considered in building design (Myors et al., 2005; Perkins et al., 2009). Unless careful 

consideration is given to energy efficiency inner high-rise buildings may be no more (or even 
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less) energy efficient than detached or semi-detached buildings 1F

2. To date, research efforts have 

tended to be orientated around the connection between vulnerability and direct energy 

consumption for transport in cities (cf. Dodson and Sipe, 2007, 2008); or general vulnerability to 

natural hazards (Cutter and Finch, 2008). However, there is a paucity of evidence on links 

between urban consolidation and fuel poverty specifically. 

There is however some, albeit unclear evidence, on the connection between residential energy 

demand and densification in Australia (Gray and Gleeson, 2007; Rickwood et al., 2008). It is 

maintained by some that, “dispersed, incremental urban consolidation [in line with market forces] 

is unlikely to reduce household energy demand.” (Gray and Gleeson, 2007). The problem has 

been characterised as: “…not a problem of optimal city size, but of efficient size. […] Economies 

of scale exist, ceteris paribus, but turn into diseconomies after a certain urban dimension” 

(Capello and Camagni, 2000). Notwithstanding these alternative conceptions of the problem, to 

the extent of the knowledge of the authors no study has yet to empirically investigate what 

densification may mean for fuel poverty. 

4.2 Data and method 

This section details the data employed in the study and the estimation strategy used. 

4.2.1 Household, Income and Labour Dynamics in Australia (HILDA) survey 

In terms of the socio-economic data on households this is obtained from waves 7 to 14 (for years 

2007 to 2014) of the Household, Income and Labour Dynamics in Australia (HILDA) survey. 

These waves (years) of the HILDA survey are employed as these are the periods for which all 

variables available in the sample. The Household, Income and Labour Dynamics in Australia 

(HILDA) Survey is a household panel survey which is funded by the Australian Government, 

administered by the Melbourne Institute of Applied Economic and Social Research with the 

fieldwork currently being undertaken by Roy Morgan Research. 

The sampling design of the HILDA survey involves the selection of households into the sample 

by a multi-stage process. To begin with, a random sample of 488 Census Collection Districts 

(CDs) based on the 1996 census boundaries was selected from across Australia, stratified by State, 

and within the five largest States in terms of population, by metropolitan and non-metropolitan 

regions, each CD consisting of approximately 200 to 250 households. The CDs were sampled 

with probability proportional to their size as measured by the number of dwellings (unoccupied 

and occupied) recorded in the 1996 Census with some adjustments for population growth since 

the Census. Within each of these CDs, all dwellings were fully enumerated and a sample of 22 to 

2 Benefits from increasing residential density can exist, however it is likely they require changes in the way it is 
designed and implemented, perhaps even as a “social and ecological phenomena” (Crabtree, 2005). 
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34 dwellings randomly sampled based on the expected response and occupancy rates within each 

area (Watson and Wooden, 2002). The data collection for each wave occurs from August of the 

current year or wave until February (or March) of next year. Usually interviews were carried out 

within one month of the anniversary of the previous interview (Summerfield et al., 2015). 

The unit of analysis is the household. The HILDA survey defines a household as, “…a group of 

people who usually reside and eat together” (Watson and Wooden, 2002). While the household 

units in the sample are identified according to this definition no time-invariant definition is 

provided. Longhi (2015) has addressed a similar difficulty with Understanding Society, The 

United Kingdom’s Longitudinal Study by linking the household to their local area and focusing 

only on those households that did not move over time. Diverging from Longhi (2015) this study 

defines a household through the members a household (originally defined) and involves following 

these groups of individuals over time3. 

The dependent variable employed in this study to measure fuel poverty is a dichotomous variable. 

It takes a value 1 if the household is experiencing fuel poverty and 0 otherwise. It is important to 

note that fuel poverty is defined as (in real 2000 $AUD terms) spending 10% or more of 

disposable equivalised household income on direct residential energy, where energy expenditure 

is average household energy expenditure and includes electricity, gas and other heating fuel. The 

equivalisation is based on the Australian Bureau of Statistics method (the ‘modified OECD’)4 

(Australian Bureau of Statistics, 2015). As noted by Azpitarte et al. (2015) the incidence of fuel 

poverty may be underestimated as there is evidence respondents tend to the survey tend to 

underreport their annual expenditure on energy bills by between 13 and 20 per cent (Wilkins and 

Sun, 2010). While this study has used one definition of fuel poverty, alternative definitions have 

also been proposed elsewhere (Boardman, 2012b; Hills, 2011; Legendre and Ricci, 2015; Moore, 

2012; Waddams Price et al., 2012; Watson and Maitre, 2015). Azpitarte and colleagues (2015), 

also use the HILDA survey and show using sequential stochastic dominance analysis of: the 10% 

ratio; the twice the median; the simple self-report of fuel poverty (whether or not one can afford 

to heat their home and pay their energy bills on time) definition; and the low income – high cost 

definition (cf. Hills, 2012); that no one definition is superior to all of the others. Further, another 

3 The way households are originally defined by the HILDA team is very similar to that used by the Australian Bureau 
of Statistics. It is “a group of people who usually reside and eat together” (Shields et al., 2009; Watson and Wooden, 
2002). For this study, a household is followed through time by assigning to the household an unique identifier for a 
given individual within that household that is observed most regularly over time. This means new household members 
can come into the household (e.g. a new child is born) and old household members can leave the household (e.g. a 
household member moves out). In brief, this unique household identifier remains constant over time and while the 
individual remains in the household, the unique household identifier remains unchanged. 
4 The total equivalence factor is calculated based on summing 1 point for the first adult in the household, 0.5 points for 
each additional adult and 0.3 points for each child under the age of 15. 
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Australian study comparing various definitions of fuel poverty arrives at much the same 

conclusion (Nance, 2013). 

Additionally, an alternative definition not explored here is the minimal comfortable level of 

energy use. Notably, this definition of minimal (comfortable) level of energy use is proposed in 

the context of achieving energy equity (Boardman, 2012a; Higgins and Lutzenhiser, 1995). While 

operationalisation of the definition can be difficult in large survey samples, it can be argued that 

ideally the best definition would be rooted in the main cause fuel poverty, based on energy 

efficiency improvements relative to average efficiency levels or simply needed energy (for any 

purpose) (Boardman, 2012a, b; Moore, 2012). Due to paucity of data on dwelling size to model 

energy needs (Watson and Maitre, 2015), this definition remains infeasible for this particular 

study. All variables are described in Table 4.1. 

Table 4.1. Descriptive statistics 

Variable name Definition Mean 
(std. dev.) 

% 
 

Dependent variable 
Fuel poverty Household is spending (in real 2000 

$AUD terms) 10% or more of real 
disposable equivalised household 
income on direct residential energy, 
where energy expenditure includes 
electricity, gas and other heating fuel 

 26.9% 

Independent variables 
Low income Household has real equivalised 

household income that is less than half 
of the sample median real household 
income 

 

18.2% 
Sole person Household contains one member  41.6% 
Age (65 or greater) Household contains a resident who is 

65 years of age or greater 
 

37.4% 
Lone parent Household contains lone parent with 

children less than 15 years of age 
without others 

 11.6% 

Renter Household is rented  33.3% 
Rent free Household is rent free  4.0% 
Semi-detached house 
(one storey) 

Household dwelling is a semi-
detached house (one storey) 

 5.1% 

Semi-detached house 
(two or more storeys) 

Household dwelling is a semi-
detached house (two or more storeys) 

 2.6% 

Flat/Unit/Apartment 
(one storey) 

Household dwelling is a 
Flat/Unit/Apartment (one storey) 

 6.5% 

Flat/Unit/Apartment 
(two or three storeys) 

Household dwelling is a 
Flat/Unit/Apartment (two or three 
storeys) 

 5.4% 

Flat/Unit/Apartment 
(four or more storeys) 

Household dwelling is a 
Flat/Unit/Apartment (four or more 
storeys) 

 1.1% 
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Other dwelling Household dwelling is another 
dwelling type (e.g. a non-private 
dwelling, a dwelling attached to a 
house or office or a caravan, tent, 
cabin or houseboat) 

 3.0% 

Density Number of people per square 
kilometre in household’s Census 
Collection District (CD) 

1261.63 
(1517.51) 

 

Variables not reported in Table 4.1 include: Socio-Economic Indexes for Areas (SEIFA), Index of Relative Socio-
economic Disadvantage decile dummy variables and wave dummy variables.  

4.2.2 Density 

Figure 4.1 shows for Australia’s most populated and densely populated city, Sydney how the 

central areas of high density can also exhibit high levels of overall disadvantage (as measured by 

the Socio-Economic Indexes for Areas’ (SEIFA) Index of Relative Socio-economic Disadvantage 

(IRSD) (Australian Bureau of Statistics, 2013b)5. It also shows that relatively non-disadvantaged 

areas can be adjacent to relatively disadvantaged areas. The appendix to this chapter provides an 

illustration for Australia’s three most populated and densely populated cities (people/km2) all of 

which are projected to roughly double in size (from 2012 levels) by 2061 (Australian Bureau of 

Statistics, 2013a, 2014; Commonwealth of Australia, 2015). Note that the buffer lines are 

concentric lines at 5km, 10km and 30km from the suburb considered central to the metropolitan 

area. In Figure 4.1, the areas for which no value of the IRSD index was recorded are hashed with 

black continuous lines. Note that population density is calculated based on the 2001 Census 

Collection District (CD) boundaries (the most detailed spatial unit available) to match the HILDA 

dataset and is sourced in non-census years from the National Regional Profiles of Australia 

(Australian Bureau of Statistics, 2013a). 

                                                           
5 The IRSD ranks all areas in Australia (at various spatial levels) on a scale from the most to the least disadvantage 
(where least disadvantage receives the highest score). The index is composed of a series of variables included in the 
index based on a factor loading (weight). Out of the 16 contributing factors which are expressed as percentages, the 
factors which load most heavily in decreasing order of weight are: the percentage of people on low incomes, the 
percentage of families with children under 15 years where parents are jobless, the percentage of occupied private 
dwellings with no Internet connection and the percentage employed people working as labourers. Other factors 
considered include educational attainment, unemployment, paying low rent, the presence of disability, the ownership 
of private vehicles and English language skills. 
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Figure 4.1. Sydney broader metropolitan area population density (left) and presence of disadvantage (Index of 
Relative Socio-economic Disadvantage, right), state suburb level. Source: Derived from data provided by the 

Australian Bureau of Statistics (2013a, b). 

4.2.3 The estimation strategy 

This study systematically approaches research questions 1 to 5 in turn. This study employs a 

conditional logit model abstracting from time-invariant household-specific factors and 

concurrently appreciating the binary nature of the dependent variable. 

The first research question is: What is the extent to which low income households and households 

living in denser areas are more likely to experience fuel poverty, other things held constant? 

Research question 1 is investigated using Equation 1 for household h, at time t: 

Fuel povertyh,t =  α0 + α1Lowincomeh,t + ∑ α2iCharacteristicsih,t
j
i=1 +

∑ α3kDwellingtypekh,t
m
k=1 + α4𝑙𝑙𝑙𝑙𝑙𝑙2Densityh,t +  ∑ α5nDnh,t

p
n=1 + µh + ε1h,t  

(1) 

Where  𝐹𝐹𝐹𝐹𝐹𝐹𝑙𝑙 𝑝𝑝𝑙𝑙𝑝𝑝𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝h,t takes 1 as a value if the household is experiencing fuel poverty and 0 

otherwise. 𝐿𝐿𝑙𝑙𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑙𝑙𝐿𝐿𝐹𝐹h,t takes 1 as a value if the real disposable equivalised household income 

is less than half of the median real household income (of the sample) and 0 otherwise. ‘Low 

income’ is preferred to ‘poor’ as the government of Australia has not adopted an official poverty 

line, but in practice, researchers do use the 50% (or the more relaxed threshold of 60%) of the 

median income as a de facto poverty line (Australian Council of Social Service, 2014, 2016; 

Headey, 2006). The percentage of observations in each year (wave) of households who are in fuel 
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poverty ranges from 3 to 10%, and, the percentage of low income households ranges from 3 to 

15% (see Figure 4.2). 

 

Figure 4.2. Percentage of fuel poor versus low income households (observations) for each year (wave) of data. 
Source: Derived from the Household, Income and Labour Dynamics in Australia survey data. 

𝐶𝐶ℎ𝑎𝑎𝑝𝑝𝑎𝑎𝐿𝐿𝑝𝑝𝐹𝐹𝑝𝑝𝐿𝐿𝑎𝑎𝑝𝑝𝐿𝐿𝐿𝐿𝑎𝑎ih,t captures other household characteristic variables, i…j, such as the housing 

tenure and whether or not the household is a sole person household or characterised as a lone 

parent household. 𝐷𝐷𝐿𝐿𝐹𝐹𝑙𝑙𝑙𝑙𝐿𝐿𝐿𝐿𝑙𝑙𝑝𝑝𝑝𝑝𝑝𝑝𝐹𝐹kh,t represents dwelling characteristic variables, k…m, including 

the dwelling type and the number of bedrooms. 𝑙𝑙𝑙𝑙𝑙𝑙2𝐷𝐷𝐹𝐹𝐿𝐿𝑎𝑎𝐿𝐿𝑝𝑝𝑝𝑝h,t represents the logarithm (with a 

base of 2) of the population density for location of household ℎ at time 𝑝𝑝 measured at the Census 

Collection District level. 𝐷𝐷nh,t denotes dummy variables, n…p. The dummy variables include the 

Socio-Economic Indexes for Areas (SEIFA), Index of Relative Socio-Economic Disadvantage 

deciles6 and the year-specific fixed effects. Year specific fixed effects capture impact from 

changes that occur in time besides the model variables, such as annual changes to the Australian 

National Construction Code or possible effects from the global financial crisis – a recession period 

which Australia largely escaped (Board, 2016; Edey, 2014; Hill et al., 2008; Junankar, 2013). 𝜇𝜇h 

                                                           
6 Based on the deciles of the index, dummy variables were created with the value 1 if a household is in a particular 
decile and 0 otherwise. 
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is the household-specific fixed effect which capture other factors that may have an impact, but 

which are time-invariant such as the year a dwelling was built. Finally, 𝜀𝜀1h,t is the error term. 

The second research question is: What is the degree to which any link between density and fuel 

poverty depends on low income, other things held constant? Research question 2 is investigated 

using Equation 2 for household h, at time t: 

Fuel povertyh,t =  α0 + α1Lowincomeh,t + ∑ α2iCharacteristicsih,t
j
i=1 +

∑ α3kDwellingtypekh,t
m
k=1 + α4𝑙𝑙𝑙𝑙𝑙𝑙2Densityh,t + α5𝑙𝑙𝑙𝑙𝑙𝑙2Densityh,tLowincomeh,t +

 ∑ α6nDnh,t
p
n=1 + µh + ε2h,t  

(2) 

Where all terms are defined as in Equation 1 and an interaction term between density and low 

income (e.g. 𝑙𝑙𝑙𝑙𝑙𝑙2𝐷𝐷𝐹𝐹𝐿𝐿𝑎𝑎𝐿𝐿𝑝𝑝𝑝𝑝h,t × 𝐿𝐿𝑙𝑙𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑙𝑙𝐿𝐿𝐹𝐹h,t) is included in the model. 

The third research question is: What is the magnitude to which any link between a household’s 

dwelling type and fuel poverty depends on low income, other things held constant? Research 

question 3 is investigated using Equation 3 for household h, at time t: 

Fuel povertyh,t =  α0 + α1Lowincomeh,t + ∑ α2iCharacteristicsih,t
j
i=1 +

∑ α3kDwellingtypekh,t
m
k=1 + α4𝑙𝑙𝑙𝑙𝑙𝑙2Densityh,t +

∑ α5nDwellingtypenh,t
p
n=1 Lowincomeh,t + ∑ α6qDqh,t

r
q=1 + µh + ε3h,t  

(3) 

Where all terms are defined as in Equation 1. Additionally, interaction terms between dwelling 

type and low income (e.g. 𝑆𝑆𝐹𝐹𝐿𝐿𝐿𝐿 − 𝑑𝑑𝐹𝐹𝑝𝑝𝑎𝑎𝐿𝐿ℎ𝐹𝐹𝑑𝑑 ℎ𝑙𝑙𝐹𝐹𝑎𝑎𝐹𝐹 (𝑙𝑙𝐿𝐿𝐹𝐹 𝑎𝑎𝑝𝑝𝑙𝑙𝑝𝑝𝐹𝐹𝑝𝑝)h,t × 𝐿𝐿𝑙𝑙𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑙𝑙𝐿𝐿𝐹𝐹h,t ) are 

included in the model. 

The fourth research question is: To what extent are these differences distinguishable? Research 

question 4 is investigated using Equation 4 for household h, at time t: 

Fuel povertyh,t =  α0 + α1Lowincomeh,t + ∑ α2iCharacteristicsih,t
j
i=1 +

∑ α3kDwellingtypekh,t
m
k=1 + α4𝑙𝑙𝑙𝑙𝑙𝑙2Densityh,t + α5𝑙𝑙𝑙𝑙𝑙𝑙2Densityh,tLowincomeh,t +

∑ α6nDwellingtypenh,t
p
n=1 Lowincomeh,t + ∑ α7qDqh,t

r
q=1 + µh + ε4h,t  

(4) 

Where all terms are defined as in Equation 1. However, interaction terms used in Equation 2 and 

3 are included together. 

The fifth research question is: Do other vulnerable groups, in denser areas, face a potentially 

heightened risk of fuel poverty, other things held constant? Research question 5 is investigated 

using Equation 5 for household h, at time t: 
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Fuel povertyh,t =  α0 + α1Lowincomeh,t + ∑ α2iCharacteristicsih,t
j
i=1 +

∑ α3kDwellingtypekh,t
m
k=1 + α4𝑙𝑙𝑙𝑙𝑙𝑙2Densityh,t + α5𝑙𝑙𝑙𝑙𝑙𝑙2Densityh,tLowincomeh,t +

 ∑ α6n𝑙𝑙𝑙𝑙𝑙𝑙2Densityh,t
p
n=1 Characteristicsnℎ,𝑡𝑡 +  ∑ α7qDqh,t

r
q=1 + µh + ε5h,t  

(5) 

Where all terms are defined as in Equation 2. This more parsimonious model also includes 

interaction terms between density and other vulnerable groups’ non-financial disadvantage 

(e.g.𝑙𝑙𝑙𝑙𝑙𝑙2𝐷𝐷𝐹𝐹𝐿𝐿𝑎𝑎𝐿𝐿𝑝𝑝𝑝𝑝h,t × 𝐿𝐿𝑙𝑙𝐿𝐿𝐹𝐹 𝑝𝑝𝑎𝑎𝑝𝑝𝐹𝐹𝐿𝐿𝑝𝑝h,t). 

4.3 Results 

The model estimates for Equations 1 to 5 are reported in Table 4.2. 

To begin with, variance inflation factors indicate that Equation 1 does not suffer from severe or 

worrisome multicollinearity. Specifically, the highest variance inflation factor is 2.04 and the 

mean variance inflation factor is 1.58. With regards to the first research question: What is the 

extent to which low income (financially disadvantaged) households and households living in 

denser areas are more likely to experience fuel poverty, other things held constant? Table 4.2 

column 1 indicates that low income households are far more likely (odds-ratio = 11.75, p-value = 

0.00) to experience fuel poverty, other things held constant. The odds-ratios are the probability 

obtained by exponentiation of the coefficient in the model and can be read as a household with 

low income is 11.75 times more likely to be in fuel poverty. A result that is statistically significant 

at the 1% level. Further, the results in Table 4.2 column 1 also point to sole person (odds-ratio = 

4.87, p-value = 0.00) and lone parent (odds-ratio = 1.95, p-value = 0.00) households are more 

likely to suffer from fuel poverty. While households situated in apartments of two or three storeys 

(odds-ratio = 0.69, p-value = 0.03) are less likely to be in fuel poverty. Density is not found to be 

statistically significantly linked to fuel poverty in a linear (not reported in Table 4.2) or log 

functional form. 

In terms of the second research question: What is the degree to which any link between density 

and fuel poverty depends on low income, other things held constant? Table 4.2 column 2 indicates 

that the link between density and fuel poverty does depend on low income (odds-ratio = 1.05, p-

value = 0.04), other things held constant. Low income households in denser areas are more likely 

to experience fuel poverty. Specifically, for a low income household, a two-fold increase in 

density is associated with a much greater likelihood of experiencing fuel poverty (8.69 × 1.04 = 

9.0376 ≌ 9.04 times greater likelihood of experiencing fuel poverty). In addition, sole person 

(odds-ratio = 4.86, p-value = 0.00) and lone parent (odds-ratio = 1.93, p-value = 0.00) households 

are correspondingly more likely to suffer from fuel poverty. The odds-ratios of other regressors 

do not change significantly. 
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Table 4.2. Model estimates 

 (1) (2) (3) (4) (5) 
Variable name Odds-ratio 

(Standard error) 
Odds-ratio 

(Standard error) 
Odds-ratio 

(Standard error) 
Odds-ratio 

(Standard error) 
Odds-ratio 

(Standard error) 
Low income 11.75*** 

(0.88) 
8.69*** 
(1.37) 

11.75*** 
(0.99) 

8.90*** 
(1.41) 

8.43*** 
(1.31) 

      
Sole person 4.87*** 

(0.61) 
4.86*** 
(0.60) 

4.85*** 
(0.61) 

4.86*** 
(0.60) 

4.68*** 
(1.27) 

      
Age (65 or greater) 1.00 

(0.14) 
1.00 

(0.14) 
1.00 

(0.14) 
1.00 

(0.14) 
0.65 

(0.20) 
      
Lone parent 1.95*** 

(0.29) 
1.93*** 
(0.29) 

1.93*** 
(0.29) 

1.92*** 
(0.28) 

1.21 
(0.46) 

      
Renter 0.88 

(0.11) 
0.88 

(0.11) 
0.89 

(0.11) 
0.88 

(0.11) 
0.56** 
(0.15) 

      
Rent free 0.84 

(0.15) 
0.85 

(0.15) 
0.84 

(0.15) 
0.85 

(0.15) 
0.96 

(0.40) 
      
Semi-detached house (one storey) 0.94 

(0.13) 
0.94 

(0.13) 
0.99 

(0.15) 
1.01 

(0.15) 
0.93 

(0.13) 
      
Semi-detached house (two or more 
storeys) 

1.08 
(0.22) 

1.09 
(0.22) 

1.08 
(0.23) 

1.12 
(0.24) 

1.09 
(0.22) 

      
Flat/Unit/Apartment (one storey) 0.87 

(0.12) 
0.87 

(0.12) 
0.93 

(0.15) 
0.95 

(0.15) 
0.87 

(0.13) 
      
Flat/Unit/Apartment (two or three storeys) 0.69** 0.69** 0.58*** 0.60*** 0.69** 
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(0.12) (0.12) (0.11) (0.11) (0.12) 
      
Flat/Unit/Apartment (four or more) 0.97 

(0.30) 
0.97 

(0.31) 
1.00 

(0.34) 
1.03 

(0.35) 
0.96 

(0.31) 
      
Other dwelling 0.78 

(0.15) 
0.78 

(0.15) 
0.77 

(0.16) 
0.77 

(0.17) 
0.79 

(0.15) 
      
Number of bedrooms 0.96 

(0.04) 
0.96 

(0.04) 
0.96 

(0.04) 
0.96 

(0.04) 
0.97 

(0.04) 
      
Log2Density 1.00 

(0.02) 
0.99 

(0.02) 
1.00 

(0.02) 
0.99 

(0.03) 
0.94* 
(0.03) 

      
Log2Density × Low income  1.04** 

(0.02) 
 
 

1.04** 
(0.02) 

1.04** 
(0.02) 

      
Semi-detached house (one storey) × Low 
income 

  0.85 
(0.19) 

0.78 
(0.18) 

 

      
Semi-detached house (two or more 
storeys) × Low income 

  0.98 
(0.41) 

0.88 
(0.37) 

 

      
Flat/Unit/Apartment (one storey) × Low 
income 

  0.79 
(0.18) 

0.76 
(0.17) 

 

      
Flat/Unit/Apartment (two or three storeys) 
× Low income 

  1.74** 
(0.48) 

1.55 
(0.43) 

 

      
Flat/Unit/Apartment (four or more) × 
Low income 

  0.90 
(0.65) 

0.77 
(0.56) 

 

      
Other dwelling × Low income   1.06 1.03  
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(0.36) (0.35) 
      
Log2Density × Sole person     1.01 

(0.03) 
      
Log2Density × Age (65 or greater)     1.05 

(0.03) 
      
Log2Density × Lone parent     1.06 

(0.04) 
      
Log2Density × Renter     1.06* 

(0.03) 
      
Log2Density × Rent free     0.99 

(0.05) 
Summary statistics     
Observations 17490 17490 17490 17490 17490 
Wald test statistic Wald(𝜒𝜒2) = 

1563.86 
Wald(𝜒𝜒2) = 

1570.89 
Wald(𝜒𝜒2) = 

1568.80 
Wald(𝜒𝜒2) = 

1575.56 
Wald(𝜒𝜒2) = 

1578.81 
Prob >𝜒𝜒2 0.00 0.00 0.00 0.00 0.00 
Pseudo R2 0.24 0.24 0.24 0.24 0.24 

Standard errors in parentheses adjusted for clustering at the household level. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
Variables not reported in Table 4.2 include: Socio-Economic Indexes for Areas (SEIFA), Index of Relative Socio-economic Disadvantage decile dummy variables and wave dummy variables.   
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For the third research question: What is the magnitude to which any link between a household’s 

dwelling type and fuel poverty depends on low income, other things held constant? Table 4.2 

column 3 provides some evidence that the link between dwelling type and fuel poverty depends 

on having a low income, other things held constant. In particular, having a low income and 

residing in an apartment (two or three storeys) (odds-ratio = 1.74, p-value = 0.05) is associated 

with a greater probability of experiencing fuel poverty. The odds-ratios of other regressors do not 

change significantly. 

With respect to the fourth research question, ‘To what extent are these differences 

distinguishable?’, Table 4.2 column 4 reveals that when the moderating role of low income for 

density and dwelling type are considered jointly, only density (odds-ratio = 1.05, p-value = 0.04) 

is statistically significant, other things held constant. The odds-ratios of other regressors do not 

change significantly. 

As regards the fifth research question, ‘Do other vulnerable groups, in denser areas, face a 

potentially heightened risk of fuel poverty, other things held constant?’, Table 4.2 column 5 

indicates that households which live in higher density areas that also rent their homes are 

marginally less likely to experience fuel poverty. However, this result is only statistically 

significant at the 10% level. Specifically, a two-fold increase in density is associated with a 

marginally lower likelihood of experiencing fuel poverty (0.94 × 1.06 = 0.9964). No other 

statistically significant differences are found for other vulnerable groups in higher density areas. 

4.4 Conclusions and policy implications 

This study set out to investigate empirically the role of a denser urban form, as it has unfolded in 

Australia, in mitigating the risk of fuel poverty. Density induced household level energy 

consumption behaviour is reasoned to underlie this empirical link. To the extent of the knowledge 

of the authors, this is the first study to explicitly test this link. 

To begin with the results point to more low income households being significantly more likely to 

experience fuel poverty (statistically significant at the 1% level); while for density (whether 

characterised as a log or linear functional form) these results suggest that, distinct from low 

income, density is not linked to fuel poverty (Research question 1). With regards to low income 

households specifically though, the results paint a very different picture. For low income 

households greater density is found to correspond to a greater likelihood of experiencing fuel 

poverty, statistically significant at the 5% level (Research question 2). Similarly, a household’s 

dwelling type and fuel poverty depends on having a low income in a broadly consistent direction 

with having a low income and residing in an apartment (two or three storeys) being associated 

with a higher likelihood of suffering from fuel poverty, statistically significant at the 5% level 
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(Research question 3). These results for low income-specific links appear to be explained away 

by the broader density of the urban form (Research question 4). Moreover, there is evidence to 

indicate that the negative link between density and fuel poverty is attenuated for renters, although 

this is only statistically significant at the 10% level (Research question 5). One quite strong and 

resilient finding to emerge from addressing the research questions applies generally to households. 

That is, for households with a dwelling type described as an apartment (in a two or three storey 

building) are consistently found to be noticeably less likely to experience full poverty, statistically 

significant at least at the 5% level. 

Not unlike earlier studies, the findings presented here are not without their limitations. This study 

uniquely accounts for time-invariant household-specific factors (e.g. the building’s year of 

construction (and hence building age and what efficiency implications this may have)) and other 

potential confounders. The extent to which the results are confounded by other factors is mitigated 

by a number of other controls. Most notably, time-invariant household-specific factors, including 

but not limited to, house size. House size is the biggest difference between old and new homes in 

Australia; with the size of having more than doubled over the last 60 years (Stephan and Crawford, 

2016). This work considered weather although found the results to be little changed when 

including the heating and cooling degree days variables. There is room for further research effort 

in future studies to attribute more granular measures in space and time to a household energy 

consumption behaviour. In addition to this potential limitation, it should be acknowledged that 

expenditure on energy is likely understated (cf. Wilkins and Sun, 2010). This could lead to an 

understatement of the incidence of fuel poverty. Additionally, while this study has used one 

definition of fuel poverty, alternative definitions also exist (Boardman, 2012b; Hills, 2011; 

Legendre and Ricci, 2015; Moore, 2012; Waddams Price et al., 2012; Watson and Maitre, 2015). 

While this study treats year-specific effects as a nuisance, future studies with more disaggregated 

data may wish to interrogate this variation in order to isolate the impact of broader structural 

economic changes on fuel poverty. 

In all, the substantive findings of this study describe a quite nuanced narrative. They demonstrate 

contrary to dominant urban consolidation narrative (cf. Glaeser, 2012; Newman, 2006) that for 

low income households greater urban density through an interaction effect correspond with an 

increase in the likelihood (odds-ratio) of experiencing fuel poverty. This is in contrast to what 

might be expected given the often celebrated economies of scale in terms of direct energy 

consumption, that are thought to be offered by densification (Burton, 2000; Capello and Camagni, 

2000; Gaigné et al., 2012; Poumanyvong and Kaneko, 2010). The findings appear to reflect the 

more vulnerable position of low income households in higher density environments. Contrary to 

a priori expectations, renting (distinct from being a low income household) seems to reduce 

marginally the positive link between density and fuel poverty. This is despite renters’ suffering 
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from a disparity in opportunity to shape their own energy consumption. This inequality of 

opportunity could lead to difficulties ensuring an appropriate level of heating and cooling (Davis, 

2012; Rehdanz, 2007). This result is also at odds with the ubiquitous Strata Title ownership 

structure within which apartment buildings are managed in Australia. This ownership framework 

is not designed to deal with long-term issues of building renovations – including lifting the energy 

efficiency standards – and long-term falling resale value (Randolph, 2006; Seeling et al., 2009). 

Moreover, high-rise based housing development in metropolitan areas is driven increasingly by 

investors than by owner-occupiers (Australian Bureau of Statistics, 2017; Randolph, 2006). This 

provides a mechanism which could plausibly further polarise the opportunities of renters and 

owners. One explanation for renting mitigating the link between density and fuel poverty (a result 

which is statistically significant at the 10% level) is that, renting is reasonably likely to be related 

to households accessing state or territory energy hardship schemes (e.g. The Queensland 

Government’s Home Energy Emergency Assistance Scheme). However, future research could 

explore the impact of such schemes on fuel poverty and also what it may mean for renters in 

denser areas. 

For policymakers and urban planners the implications of these findings are that, for low income 

households, the physical structure of a city (e.g. density design) may matter for the socio-

economic structures of a city (e.g. fuel poverty). However, more research effort is needed to 

understand precisely what specific attributes of a city and what processes within that city (cf. 

Neuman, 2005) may cultivate energy efficiency. Within the literature on socio-technical 

transformations related to energy supply and consumption systems, a number of interconnected 

complex relationships involving the: regulatory; socio-economic; behavioural; technical; and 

physical structure aspects of cities remain underexplored (Bartiaux et al., 2006; Daniel et al., 

2015; Dodson, 2013; Moloney et al., 2010; Sovacool, 2009)7. As the findings stand though, they 

imply that the answer to the most profound research question facing urban researchers, “Does 

urban consolidation achieve its stated goals?” (Randolph, 2004), is, for low income residents 

already at risk of fuel poverty, "Not necessarily". 

For policymakers and urban planners another insight to be gleaned from the results presented in 

this study is that residing in an apartment (two or three storeys) is found to be quite consistently 

and generally linked to a lower likelihood of experiencing fuel poverty. This finding accords with 

earlier and more provisional evidence that townhouses in Sydney are associated with lower levels 

of energy consumption and greenhouse gas emissions (Myors et al., 2005). 

                                                           
7 Small scale developments (e.g. some blending energy efficient building design with community-oriented lifestyles) 
offer one tractable means for impact assessment (Burke, 2004; Charlesworth and Adams, 2011; Crabtree, 2005). 
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Fuel poverty represents a clear form of energy injustice. It is crucially important that decision 

makers remain cognisant of the distributional, recognition and procedural justice foundations of 

instances of energy injustice (cf. Jenkins et al., 2016). Fundamentally, as Walker and Day (2012) 

explain, fuel poverty is emblematic of a lack of recognition and a lack of procedural justice which 

are wrong in themselves and are interconnected and ultimately perpetuate the production of 

distributional inequalities. In order to disrupt ingrained disadvantage and fuel poverty energy 

policy needs to address aspects of energy justice whether they be entrenched in the form: (1) 

distribution; (2) the recognition of impacted groups; or (3) the procedures for remediation (Jenkins 

et al., 2016). This inevitably needs to be reconciled with the potential trade offs between groups 

and their goals (Chakravarty and Tavoni, 2013). Ultimately though, whether undertaken by the 

government or the civil society, there remains a real need to develop and implement practical 

interventions to effect change for households experiencing fuel poverty. 
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Appendix 4.A Supplementary material 

 

Figure 4.A. 1 Sydney broader metropolitan area population density (left) and presence of disadvantage (Index of 
Relative Socio-economic Disadvantage, right), statistical area 1. Source: Derived from data provided by the 

Australian Bureau of Statistics (2013a, b). 
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Figure 4.A. 2. Melbourne broader metropolitan area population density (left) and presence of disadvantage 
(Index of Relative Socio-economic Disadvantage, right), represented at state suburb level. Source: Derived from 

data provided by the Australian Bureau of Statistics (2013a, b). 
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Figure 4.A. 3. Brisbane broader metropolitan area population density (left) and presence of disadvantage (Index 
of Relative Socio-economic Disadvantage, right), represented at state suburb level. Source: Derived from data 

provided by the Australian Bureau of Statistics (2013a, b). 
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Foreword  
 

Chapter 3 makes two main points: (a) there is a link between the city characteristics and energy 

consumption, access to solar energy, energy saving behaviours; and (b) living in a more compact 

dwelling or being a renter reduces the probability of residents taking several energy saving actions 

and reduces the probability of accessing solar electricity. Missing in the literature is a clear 

understanding of how urban consolidation is impacting access to solar power technology, and 

whether government policy is supporting or inhibiting this outcome. This chapter progresses 

scientific knowledge firstly by laying the foundation for analysis by collecting data on a particular 

aspect of government policy on renewables, namely feed-in tariffs. This is achieved through 

careful documentation of the history of feed-in tariffs in Australia over a period of more than a 

decade. Throughout this period a number of different types of tariffs and policies emerged and 

then evolved. However, to date, these changes have not been documented systematically. This 

chapter tracks and reports the evolution of feed-in tariff policies in Australia. It introduces a new 

dataset which synthesises feed-in tariff information collated from a range of sources for the period 

2001 to 2016. This dataset can be used to inform future Australia-wide renewable energy policy 

analysis, and also to help understand the coevolution of: policies to subsidise solar panel 

installation; installation costs; and installation numbers. The data collected can also be used to 

study the efficacy of feed-in tariffs and its relation with urban physical structure. An example of 

the use of this dataset is provided within the chapter by analysing the relationship between the 

FiT policy and disconnections from the grid. Results indicate that, taking due account of other 

factors, FiT policies appear to have played a role in increasing the number of disconnections from 

the grid over the period 2009 – 2016.  
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Chapter 5. Revisiting feed-in tariffs in Australia: A 

review 
 

Abstract 

Globally, solar photovoltaic (PV) is rapidly becoming a key source of energy, incentivised 

through the use of feed-in tariffs (FiTs). Solar PV is enjoying a similarly swift adoption in 

Australia, encouraged through FiTs. This review builds on earlier work, compiling and comparing 

FiTs in Australia across its states and territories for residential small scale photovoltaic 

installations. The purpose of this review is three-fold: (1) to synthesise a set of data on FiT policy 

which can be used to inform future Australia-wide policy analysis; (2) to understand the 

coevolution of: policies to subsidise solar panel installation; installation costs; and installation 

numbers; and (3) to employ this set of data on FiT policy to examine whether FiT policy 

corresponds with unintended adverse energy justice outcomes (i.e. electricity disconnections from 

the grid). The analysis presented in this review indicates that FiT policies correspond to a greater 

number of electricity disconnections from the grid. These findings are discussed in the context of 

broader debates. 

Keywords: Australia; electricity; feed-in tariff; renewable energy; residential; solar PV 

JEL: C23; Q42; Q48; R19; R28 
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5.1 Introduction 

Solar photovoltaic (PV) is fast becoming an integral ingredient to the electricity mix for a number 

of countries across the globe. Worldwide, in 2015 the capacity of solar PV installed increased by 

50 gigawatts, 25% above 2014 levels, yielding a cumulative installed capacity of close to 230 

gigawatts. Now, in at least 20 countries, solar PV accounts for 1% or more to the annual electricity 

supply and as much as 8% in some European countries (International Energy Agency Photovoltaic 

Power System Programme 2016). 

Feed-in tariff (FiT) policies have been used in a large number of countries and regions to 

incentivise solar PV installation (Commonwealth of Australia 2011, Timilsina et al. 2012, 

International Energy Agency Photovoltaic Power System Programme 2016). The FiT can be 

described as a premium paid for electricity that is supplied to an electricity grid from a particular 

renewable energy generation source. This FiT can be a gross or a net FiT1, can be implemented 

at a national, or state/territory, or regional level. These FiTs can be technology-specific or 

technology-neutral (International Energy Agency 2015). The combination of tax incentives and 

renewable portfolio standards2 can make FiTs popular form of policy among investors (Jenner et 

al. 2013, International Energy Agency 2015). 

Since the initial implementation of FiTs in countries around the world during the 1990s and 2000s, 

the value of FiTs has declined over time or alternative yet similar policies have been introduced 

(e.g. feed-in premiums) (Büsgen and Dürrschmidt 2009, Solangi et al. 2011, International Energy 

Agency 2015, International Energy Agency 2017). However, the notion of subsidising costs of 

purchase, installation and maintenance of PV technology remains popular as well as necessary 

condition for solar PV adoption to flourish (International Energy Agency 2015, p. 32).3 Generous 

FiT schemes over a period when the cost of solar PV also declines, can be accompanied by a 

boom in solar PV uptake. This is characteristic of the experience in Australia in 2010-12. It is also 

typifies the experiences in Spain, the Czech Republic and Italy in 2008, 2010 and 2011 

respectively (International Energy Agency 2015). 

                                                           
1 Gross FiTs involve all generated energy first being purchased from the generator and the consumer then 
purchases all electricity from the grid. A net FiT involves only the unused part of the electricity generated 
is from a particular renewable energy generation source being purchased from the generator. 
2 The portfolio standards require a share of electricity to be sourced from renewable energy sources. This 
level needs to be met by each utility either by modifying their production or by paying a tax (this tax takes 
the form of a ‘green certificate’ purchased from renewable energy producers) (International Energy Agency 
2015). 
3 According to the International Energy Agency, in 2014, 96.3% of the world PV market depended on 
support schemes and that FiT schemes represented 63% of the types of policies in place (International 
Energy Agency 2015, p. 32). 
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In Australia, FiTs have differed between states and territories and over time. These policies have 

been the subject of some controversy. For instance, FiTs have been argued to be a form of 

regressive taxation (Nelson et al. 2011). In contrast, it has been maintained that this mechanism 

could deliver savings to consumers in excess of AUD$1.8 billion over just two years (provided 

hypothetical FiTs eventuate) (McConnell et al. 2013). The paucity of a unified and widely 

available dataset on FiTs throughout Australia limits the ability of researchers to convincingly 

undertake an Australia-wide ex post policy evaluation. It also hampers researchers’ capacity to 

replicate the findings from earlier studies and to ultimately progress knowledge on FiTs. This 

point is echoed by calls for more rigorously defined policy, market conditions and policy design 

features in order to optimise the efficacy of FiTs and implement the most appropriate designs of 

these policy mechanisms (Timilsina et al. 2012, Jenner et al. 2013). While these calls stem from 

a cross-country evaluation of FiTs in the European Union, these observations apply equally to 

Australia. In Australia, revisions to the FiTs, their heterogeneity between states and territories, 

not to mention the lack of a unified dataset on FiTs, hinder detailed analyses. These obstacles 

hinder efforts to extend knowledge with potentially detrimental implications for renewable energy 

policy in Australia (Ross et al. 2012). 

Firstly, this review begins by building on earlier reviews (Zahedi 2010a, Zahedi 2010b, Zahedi 

2011a, Zahedi 2011b, Mahmud and Zahedi 2016), in particular, work by Ahmad Zahedi which 

summarised these schemes at their peak FiTs levels (Zahedi 2010b). Through the course of 

revisiting FiTs in Australia, this review yields a synthesised set of data on FiTs, for the period 

2007 to 2016. This set of data can be used to strengthen the reproducibility of empirical studies; 

and hence, bolster the quantity and quality of evidence and debate. Secondly, this review provides 

a unique account of the historical coevolution of installation costs and installation numbers in 

Australia. Thirdly, this review uses this set of data synthesised, subset to the region of South East 

Queensland, Australia, as the basis of an empirical study into the link between FiTs and electricity 

disconnections from the grid. On this third point, this review directly engages with debate 

surrounding the energy justice implications of FiTs in Australia. In this respect, this review not 

only, presents information which forms a crucial input into the assessment and additional analyses 

of FiT policy design, it also provides new evidence on the potential energy justice implications 

of FiTs in Australia.4 

                                                           
4  In doing so, this review appeals to Sovacool and colleagues argument for a global energy system 
characterised by “...distributional and procedural justice alongside cosmopolitan (albeit anthropocentric) 
interpretations of equity and fairness.” (Sovacool et al. 2016, pp. 4-5). The normative framework they 
propose is based on the principles of availability, affordability, due process, transparency and 
accountability, sustainability, intragenerational and intergenerational equity and responsibility. We employ 
the definition of availability and affordability principles from Sovacool and colleagues. The principle of 
availability is captured by the statement: “People deserve sufficient energy resources of high quality.” The 
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In what follows, Section 5.2 provides a broad overview of FiTs in Australia, while Sections 5.3 

describes the FiTs across Australia’s states and territories. Section 5.4 reports new evidence. 

Section 5.5 discusses findings and FiT policy design in the context of broader debates. Section 

5.6 concludes. 

5.2 A brief overview of FiTs in Australia 

In March 2008, the Council of Australian Governments agreed that solar FiTs programs would 

have to have a relatively uniform structure throughout Australia. From July 2008 states and 

territories throughout Australia started to implement FiT schemes (Commonwealth of Australia 

2011). However, it was not until November 2008 that the Council of Australian Governments 

agreed on a set principles to achieve consistency in FiTs across Australia (Council of Australian 

Governments 2008). Perhaps unsurprisingly, different state and territories throughout Australia 

have implemented a range of various FiT mechanisms (Commonwealth of Australia 2011). 

Nevertheless, the implementation of the FiTs in Australia has been associated with a 

corresponding rapid increase in small-scale residential solar PV systems. Over the four years 

between 2007 and 2010 the number of small-scale (<10kW) installed systems increased from 

3923 to 281,500; a more than 70-fold increase. By the end of 2015, there were close to 1.5 million 

systems (1,476,931 systems) installed (see Figure 5.1) (Australian Photovoltaic Institute/APVI 

Solar Map 2016). This increase from 2007 coincided with the implementation of the FiTs and 

low interest rates following the 2007-2008 financial crisis (Reserve Bank of Australia 2016). This 

increase in installation numbers also coincided with an increase of the national average electricity 

price (see Figure 5.1). 

                                                           
principle affordability is captured by the statement: “The provision of energy services should not become 
a financial burden for consumers, especially the poor.” (Sovacool et al. 2016, p. 4) 
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Figure 5.1. Number of solar small generation units installed by state in Australia compared to average National 
Electricity Market (NEM) gross electricity price (in real terms, at 2015 Australian dollar level). Source: APVI 2016, 
CPI data (Australian Bureau of Statistics 2016, Australian Photovoltaic Institute/APVI Solar Map 2016). 

The apparent success of the FiTs did not render the mechanism immune from conflicting 

arguments. Specifically, detracting from the ostensible success of the FiTs were arguments that 

the attendant cost borne by governments was escalating rapidly (Martin and Rice 2013). Further, 

there were arguments that an increase in solar-generated electricity forced retailers of grid 

electricity to cross-subsidise the provision of electricity grid infrastructure through regressive 

prices increases (i.e. the impact of electricity price increases is felt disproportionately by poorer 

customers without solar PV who remain dependent on grid electricity) (Nelson et al. 2011, 

Australian Broadcasting Corporation 2013). Moreover, there were questions relating to the level 

of government subsidies in light of a faster-than-expected decline in the cost of solar PV 

technology (see Figure 5.2) (Johnston and Egan 2016). For instance, in 2016 the Northern 

Territory Power System Review reported that it is expected that the purchase of a solar PV system 

will pay for itself within 5.6 years (Utilities Commission 2016). 

These trends and concerns prompted the Council of Australian Governments to revise its set of 

principles for solar FiTs in 2013. The principles were revised to eliminate access to premium FiTs 

by 2014. Nevertheless, the revised principles retained a provision for a ‘fair and reasonable’ FiT 

to be provided (Office of the Tasmanian Economic Regulator 2016). 
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Figure 5.2. Average installation cost for residential PV solar panel systems in Australia (<10KW) (real term prices, 
at 2015 Australian dollar level). Prices do not include rebates/subsidies offered by government. Source: Johnston 
& Egan 2016, p. 2; CPI data (Australian Bureau of Statistics 2016, Johnston and Egan 2016). 

Initially some FiTs had offered as much as 60 Australian dollar cents per kilowatt-hour (hereafter 

c/kWh) for gross meters 5 (i.e. in New South Wales) (New South Wales Government 2010). 

However, by 2016 the FiTs provided by retail electricity suppliers were voluntary for New South 

Wales, urban areas in Queensland and the Australian Capital Territory. In November 2016 the 

FiTs' value ranges appeared to be between 4 and 10 c/kWh, although the electricity retailers can 

modify them at any time. For Victoria, Queensland’s regional areas, South Australia and 

Tasmania, a minimum threshold is imposed (varying between 5 – 7.448 c/kWh) (Tasmanian 

Government 2013, Essential Services Commission of South Australia 2016, Tasmanian 

Economic Regulator 2016a, Victoria State Government 2016b). 6  In other states FiTs are 

regulated: the Northern Territory uses a buyback scheme which functions on a 1-for-1 principle 

(the retail rate is returned to the customer as a FiT), while Western Australia sets specific FiTs 

for specific locations where government- owned retailers operate. 

In 2016, there are noticeable differences between current FiTs in different states and territories. 

A lack of regulation is associated with considerably lower FiTs. Furthermore, even where there 

are regulated minimums, rarely would retailers offer much more. For example, in a review of 

South Australian retailers, six out of the 13 retailers offered the minimum regulated FiT of 6.8 

c/kWh, this included the largest retailers who collectively covered about 89% of the customers 

                                                           
5 Similarly to gross and net FiTs described in the first footnote, gross metering refers to the application of 
feed-in tariffs to all electricity the solar PV generates. The consumer then purchases electricity from the 
grid at the retail price. Net metering refers to the application of feed-in tariffs to only that part of the 
electricity that the solar PV generates which is fed back to the grid, net of electricity used in the home 
(Independent Pricing and Regulatory Tribunal 2012b, p. 3). 
6 Note the Tasmanian system was voluntary up until 30 August 2013 
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(Essential Services Commission of South Australia 2016, pp. 13-14). The other South Australian 

retailers offered rates varying between 7 – 12 c/kWh. Another example is regional Queensland 

where no deviation from the minimum regulated FiT was found (see Table 5.1).7 For the Northern 

Territory and Tasmania FiTs are regulated, hence not included in the table. 

Table 5.1. FiT snapshot (October 2016). Source: (Australian Government 2016, 
Victoria State Government 2016a). 

State Rate (cents/kWh) 
New South Wales 5 – 10  
Victoria 5 – 10 
Queensland urban / South East 
Queensland 

4 – 8 

Queensland regional (remote areas) 7.448 
South Australia 6.8 – 8.2 
Australian Capital Territory 5.5 – 6 

 

Historical information on the types of FiTs offered by each Australian state is compiled in Table 

5.2, sourced from a series of government reports, websites of government agencies and legislation 

(Government of Western Australia 2005, New South Wales Government 2010, Tasmanian 

Government 2013, Australian Capital Territory Government 2015a, Australian Capital Territory 

Government 2015b, Queensland Government 2015b, Essential Services Commission of South 

Australia 2016, Government of South Australia 2016, Johnston and Egan 2016, Power Water 

2016, Queensland Competition Authority 2016, Tasmanian Economic Regulator 2016a, 

Tasmanian Economic Regulator 2016b, Victoria State Government 2016b).8 The focus of Table 

5.2 is on the period 2008 to 2016, covering the years of ‘premium’ FiTs and the subsequent 

schemes. Table 5.2 distinguishes between net and gross metering for the different FiT schemes. 

For the periods of voluntary FiTs, this particular distinction depends on the retailer and hence 

does not feature in Table 5.2. The information on net and gross metering is derived in the main 

from the Australian Capital Territory Government’s review of the Electricity Feed-in (Renewable 

Energy Premium) Act 2008 (Australian Capital Territory Government 2015b). With some 

exceptions (described in the footnotes to Table 5.2), the dates presented in the table include the 

application opening and closing dates. 

                                                           
7 Table 5.1 shows the current levels of feed-in tariffs in Australia at the time of writing (October 2016). 
This information is derived from the official Australian Government energy contracts comparison platform, 
‘Energy Made Easy’ where retailers submit their current supply plans, in a standardised format to enable 
comparison. The survey method relies on recording feed-in tariffs provided by retailers in different 
postcodes in each state. Where available, the first distinct ten offers, in order of the lowest estimated energy 
bill, are recorded. The postcode areas chosen are random, but cover each classification of location 
centrality/remoteness for each state. (Australian Bureau of Statistics 2011). 
8  The Tasmanian feed-in tariffs for the period of 2007-2013 have been sourced from personal 
communication with the Tasmanian Economic Regulator. 
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Table 5.2. Historical feed-in tariffs in Australian states and territories. 

Scheme name Application period Feed-in 
tariffs 

payments 
end 

Net/gross Feed-in 
tariffs 

(cents/kWh) 

     
New South Wales 

Source: (NSW Government 
2014, Johnston and Egan 
2016) 

    

NSW Solar Bonus 
Scheme 

1 Jan 2010 – 27 Oct 
2010 

31 Dec 2016 Gross 60 

NSW Solar Bonus 
Scheme 

28 Oct 2010 – 28 April 
2011 

31 Dec 2016 Gross 20 

IPART non-binding 
recommendation 

May 2011 – 30 June 
2012  

n/a  5.2 – 10.3  

IPART non-binding 
recommendation 

1 July 2012 – 30 June 
2013 (1) 

n/a  7.7 – 12.9  

IPART non-binding 
recommendation 

1 July 2013 – 30 June 
2014 

n/a  6.6 – 11.2  

IPART non-binding 
recommendation 

1 July 2014 – 30 June 
2015 

n/a  4.9 – 9.3  

IPART non-binding 
recommendation 

1 July 2015 – 30 June 
2016 

n/a  4.7 – 6.1  

IPART non-binding 
recommendation 

1 July 2016 – 30 June 
2017 

n/a  5.5 – 7.2 

Victoria 
Source: (Johnston and Egan 
2016, Victoria State 
Government 2016b) 

    

Premium Feed-In Tariff 
for Solar 

1 November 2009 – 29 
Dec 2011 

Until 2024 Net 60 

Transitional Feed-In 
Tariff for Solar (<5kW) 

1 January 2012 – 31 
Dec 2012 

31 Dec 2016 Net 25 

Standard Feed-In Tariff 
(<100kW) 

1 January 2012 – 31 
Dec 2012 

31 Dec 2016 Net 1-for-1 

Victorian Feed-In 
Tariff (set minimum) 

1 Jan 2013 – 31 Dec 
2016  

31 Dec 2016  5 

Queensland 
Source: (Queensland 
Government 2015b, 
Johnston and Egan 2016, 
Queensland Competition 
Authority 2016) 

    

Queensland Solar 
Bonus Scheme (2) 

1 June 2008 – 9 July 
2012 

1 July 2028 Net 44 

Queensland Solar 
Bonus Scheme: 
Mandated rate  

10 July 2012 – 30 June 
2014 

n/a  8 

Queensland Solar 
Bonus Scheme: 

Regional minimum 

1 July 2014 – 30 June 
2015 

n/a  6.53 

Queensland Solar 
Bonus Scheme: 

Regional minimum 

1 July 2015 – 30 June 
2016 

n/a  6.346 
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Queensland Solar 
Bonus Scheme: 

Regional set minimum 

1 July 2016 – 30 June 
2017 

n/a  7.448 

South Australia (3) 
Source: (Essential Services 
Commission of South 
Australia 2016, 
Government of South 
Australia 2016, Johnston 
and Egan 2016) 

    

Solar Feed-In Scheme 1 July 2008 – 30 Sep 
2011 

30 June 2028 Net 44 

Solar Feed-In Scheme 1 Oct 2011 – 30 Sep 
2013 

30 Sep 2016 Net 16 

Minimum retailer 
payment 

27 Jan 2012 – 30 June 
2012 

n/a  7.1 

Minimum retailer 
payment 

1 July 2012 – 31 Dec 
2013 

n/a  9.8 

Minimum retailer 
payment 

1 Jan 2014 – 30 June 
2014 

n/a  7.6 

Minimum retailer 
payment 

1 July 2014 – 31 Dec 
2014 

n/a  6.0 

Minimum retailer 
payment 

1 Jan 2015 – 31 Dec 
2015 

n/a  5.3 

Minimum retailer 
payment 

1 Jan 2016 – 31 Dec 
2016 

n/a  6.8 

Western Australia 
Source: (Government of 
Western Australia 2005, 
Johnston and Egan 2016) 

    

Retailer contribution, 
no minimum 

1 May 2005 onwards n/a  variable 

Western Australia Solar 
Feed-in Tariff 

1 July 2010 – 1 July 
2011 

10 years from 
installation 

Net 40 

Western Australia Solar 
Feed-in Tariff 

1 July 2011 – 31 July 
2011 

10 years from 
installation 

Net 20 

Renewable Energy 
Buyback Scheme: 

Synergy 

1 August 2011 onwards n/a Net 7.135 

Renewable Energy 
Buyback Scheme: 

Horizon 

1 August 2011 onwards n/a Net 7.14 – 51.41 

Tasmania 
Source1: (Office of the 
Tasmanian Economic 
Regulator 2016, Tasmanian 
Economic Regulator 2016a)  

    

Aurora Energy Net 
Metering Buyback 

Scheme (4) 

1 July 2000 – 30 August 
2013 

31 Dec 2018 Net 1-for-1 

1 July 2007 – 30 June 
2008 

19.236 

1 July 2008 – 30 June 
2009 

19.646 

1 July 2009 – 30 June 
2010 

20.823 

1 July 2010 – 30 June 
2011 

22.648 
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Abbreviations: n/a: not applicable; 1-for-1: beneficiary receives back a rate equal to the retail rate; IPART: 
Independent Pricing and Regulatory Tribunal;  

General note: Minimum tariffs are under retailer contribution arrangements where no guarantees are given that the 
feed-in tariff will remain at a particular level.  

Additional notes: (1) While the exact dates are not specified in the documents of IPART, they have been inferred from 
the publication dates and discussion which indicated that these recommendations apply to the financial year. (2) This 
scheme is available for properties connected to the Ergon Energy distribution network or the Essential Energy network. 
(3) For South Australia, the dates presented relate to the connection or connection approval date, not the application 
date. Specifically, for customers approved to be connected by 30 September 2010 and with installation and connection 
finalised by 29 January 2012; and, for customers approved by 30 September 2011 and booked for installation within 
120 days from 1 October 2011. (4) Tariffs are proposed by Aurora and approved by the regulator for each financial 
year (1 July to next year’s 30 June). Tasmania offered a transitional feed-in tariff of 28.283 c/kWh for customers with 
an approved application (a contract to install a system) by 31 August 2013 and who install the system by 1 January 
2019. (5) Jacarana Energy took over electricity retail operations from PowerWater at the beginning of 2016, as part of 
the restructuring of the PowerWater Corporation. Both Jacarana Energy and PowerWater Corporation are owned by 
the Northern Territory Government. The buyback price set from 1 January 2016 is 25.54 c/kWh. (6) This scheme and 
rate is provided for applications approved by a particular deadline. 

The subsequent section elaborates on the feed-in tariffs across Australia’s states and territories 

detailed in Table 5.2. 

1 July 2011 – 30 June 
2012 

25.132 

1 July 2012 – 30 June 
2013 

27.785 

Fixed Feed-in Tariff 31 August 2013 – 31 
December 2013 

31 Dec 2018 Net 8 

Regulator set Standard 
Feed-in Tariff Rate 

1 January 2014 – 30 
June 2014 

n/a  8.282 

Regulator set Standard 
Feed-in Tariff Rate 

1 July 2014 – 30 June 
2015 

n/a  5.551 

Regulator set Standard 
Feed-in Tariff Rate 

1 July 2015 – 30 June 
2016 

n/a  5.5 

Regulator set Standard 
Feed-in Tariff Rate 

1 July 2016 – 30 June 
2017 

n/a  6.671 

Northern Territory 
Source: (Power Water 
2016) 

    

Solar Buyback through  
PowerWater / Jacarana 

Energy Retail (5) 

1 June 2013 onwards n/a Gross 1-for-1 

Australian Capital 
Territory 

Source: (Australian Capital 
Territory Government 
2015a, Australian Capital 
Territory Government 
2015b, Johnston and Egan 
2016) 

    

ACT Small-Scale Feed-
in tariff 0-10kW 

1 March 2009 – 30 June 
2010 

20 years from 
connection 

Gross 50.05 

ACT Small-Scale Feed-
in tariff 0 - 30kW  

1 July 2010 – 13 July 
2011 (approved) (6) 

20 years from 
connection 

Gross 45.7 

Voluntary retailer 
contribution, no 

minimum 

July 2011 onwards   variable 
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5.3 PV electricity feed-in tariffs throughout the Australian states 

This section reviews the feed-in tariff policies in each of the Australian states. Figure 5.3 shows 

the value of these tariffs and how they changed over time, only regulated known values are 

included. Regulated minimums are distinguished from actual tariff values through a dashed line. 

 

Figure 5.3. Evolution of regulated feed-in tariffs in Australian states. Notes: (1) Western Australia from August 2011 
had fixed feed-in tariffs offered by the major retailers, but the values vary according to location; (2) Tasmania had 
a 1-for-1 feed-in tariff since 2000, but older values from before 2007 were not available to the authors; (3) Northern 
Territory has a feed-in tariff regulated from 1 June 2013 at a rate of 1-for-1, however the values were not available. 

5.3.1 New South Wales 

The New South Wales (NSW) Solar Bonus scheme (see Table 5.2), which commenced in 2010, 

ceases providing payments in December 2016. After this time customers are entirely reliant on 

retailers’ voluntary FiTs (NSW Government 2016b). The non-binding FiTs ranges that are on 

offer are recommended yearly by the Independent Pricing and Regulatory Tribunal (IPART). The 

scheme targets installations of up to 10kW using gross meters. Households who used the scheme 

do not lose their benefits if they increase their systems up to 10kW, or switch to a net meter 

(Independent Pricing and Regulatory Tribunal 2012a, Independent Pricing and Regulatory 

Tribunal 2013, Independent Pricing and Regulatory Tribunal 2014, Independent Pricing and 

Regulatory Tribunal 2015, Independent Pricing and Regulatory Tribunal 2016). 

The case of NSW provides more insight into the debate on funding FiT schemes and whether 

customers not using solar PV could ultimately bear the costs. In 2010, a NSW Government review 

of the FiT scheme discussed, although did not implement, the recovering of FiTs through 

regulated price rises for grid-electricity customers (New South Wales Government 2010). The 

NSW Solar Bonus Scheme is funded, in part through the Climate Change Fund, established by 
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NSW Government in 2007; and in the main, is funded by electricity network service providers 

and water suppliers. For the financial year ending 2014-2015, the scheme was largely financed 

by distribution and network providers (e.g. Ausgrid, Endeavour Energy and Essential Energy) 

(NSW Government 2015). Regulators judged that electricity retailers received direct benefits 

from the scheme (in the form of electricity fed back to the grid). As such, from 1 June 2012 they 

were required to contribute to the FiT paid to customers with the contribution for 1 July 2016 – 

31 December 2016 being of 6.1 c/kWh (NSW Government 2014, NSW Government 2016a). The 

expectation for the future is that this form of funding structure will continue to provide voluntary 

FiTs, funded by electricity retailers. 

5.3.2 Victoria 

The state of Victoria, while similar in terms of the magnitude of FiTs offered, has a number of 

characteristics that set it apart from the NSW system. In Victoria (shown in Table 5.2), the 

Premium FiT scheme benefited approximately 88,000 homes and was applied to systems under 5 

kW with net metering. As opposed to NSW, the scheme in Victoria ensures customers who 

qualified to receive the Premium FiTs continue to receive the tariff until 2024. However, to 

maintain eligibility no additional installations could be made. The transitional FiT (for systems 

<5 kW) and standard FiT (<100 kW) ceased in 2016, however households which applied for the 

Premium FiT between late 2009 to December 2011 will continue to receive the FiT. Victoria 

regulates a minimum FiT through the Essential Services Commission. The rate for 2016 is 

5 c/kWh for systems under 100kW, with bi-directional metering. 

5.3.3 Queensland 

The Queensland Solar Bonus scheme (shown in Table 5.2) finished on 10 July 2012 (the date of 

application). However, the particular feature which sets Queensland apart from other states is that 

there remain two different pricing systems between South-East Queensland: the most urbanised 

area containing the state capital, Brisbane; and the regional areas of Queensland. For the latter a 

minimum FiT is legislated yearly and applies to customers connected to Ergon Energy or 

Essential Energy (South West Queensland) (Queensland Government 2016). A review in 2014 

found that there is a need for regulating a minimum FiT to counter the lack of competition in 

regional Queensland. Although the review maintained that retailers rather than distributors should 

bear the responsibility of payments (Queensland Competition Authority 2014, p. 2). This proposal 

could be a justified measure as the method for calculating the tariff is based on Ergon Energy's 

retailer costs avoided (Queensland Competition Authority 2014, p. 2). The scheme has changed 

throughout its life and the Queensland Government has published a guideline summary recording 

the updates for interested readers (Queensland Government 2015b). Eligibility under the original 

scheme was for restricted to residential or small business systems of up to 30kW. Also, eligibility 
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is maintained provided the dwelling consumes less than 100 MW/year, uses a net meter system 

and has an inverter size that is not larger than that specified by the distributor. Another 

requirement is that the account holder does not change, however additional panels can be added 

to the system. 

5.3.4 South Australia 

In the South Australian system of FiTs (detailed in Table 5.2), qualification for the solar FiT 

scheme depends on the application and installation dates, with daily limits on supply to the grid 

applied to beneficiaries of the highest FiTs (e.g. 45kWh). The scheme applied to net metering. 

For the 2008 – 2016 period minimum FiTs were regulated in South Australia (through the 

Essential Services Commission of South Australia (ESCOSA)). A review of regulation for 2016 

upheld the proposal to discontinue a minimum retailer FiT from 1 January 2017. The state has 

two types of FiTs: (1) the retailer FiT (‘based upon the projected wholesale cost of electricity, 

inclusive of avoided market costs, which a retailer would otherwise be expected to pay’ (Essential 

Services Commission of South Australia 2016, p. 1), managed by the ESCOSA) and (2) the 

distributor-paid FiT (‘designed to provide an incentive or subsidy for customers to install solar 

PV units’ (Essential Services Commission of South Australia 2016, p. 1) and which is not 

managed by the ESCOSA). 

5.3.5 Western Australia, Tasmania, Northern Territory and the Australian Capital 
Territory 

In Western Australia (see Table 5.2) FiTs in the 2010-11 scheme were net metered and the scheme 

closed after a 150MW cap on total capacity was installed. These premium FiTs are paid for 10 

years from installation, paid only to households having met deadlines for installation, and are 

additional to other FiTs (Government of Western Australia 2009). The initiative current in 2016 

in Western Australia is the Renewable Energy Buyback Scheme. Under the scheme unused 

renewable energy generated by households is purchased by the government-owned retailers 

Synergy and Horizon Power. The latter offers a wide range of FiTs which vary according to the 

location of the consumer. FiTs have been imposed through regulation since 2005, however the 

authors have no information on values before 2010 (Government of Western Australia 2005). 

In Tasmania (shown in Table 5.2), the FiT scheme applied to systems <10kW (for one phase) and 

<30kW (for three phase) with net metering. For customers who were receiving the 1-for-1 rate on 

30 August 2013, this continues until 1 January 2019. After the end of the Aurora Energy Net 

Metering Buyback Scheme and the transitional period (up to 31 December 2013), as there is only 

one retailer of electricity, Tasmania imposed a minimum FiT (Tasmanian Government 2013, pp. 

3-5). 
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In principle, in the Northern Territory (shown in Table 5.2), FiTs are voluntary and set by retailers. 

However, the largest electricity retailer Jacarana Energy, which replaced the Power & Water 

corporation (both of which are government owned) pay a 1-for-1 rate (where the beneficiary 

receives a rate equal to the retail rate for net electricity exported to the electricity grid) (Jacarana 

Energy 2016, Johnston and Egan 2016, Utilities Commission 2016). After 1 August 2014 the 

maximum eligible system capacity in regular dwellings is 4.5kW (for one phase) and 6kW (for 

three phase) for net metering. 

The Australian Capital Territory scheme (detailed in Table 5.2) provides FiTs for applications 

approved by 13 July 2011, with the systems themselves being installed by 31 December 2016. 

The customers receive 45.7 c/kWh for a period of 20 years (i.e. until 2036) (Australian Capital 

Territory Government 2015b, p. 5). This scheme was applied to gross metering and eligibility is 

transferable. 

5.4 An empirical analysis of FiT policy and electricity disconnections 

The following sections report on an empirical analysis using the set of data synthesised, subset to 

the region of South East Queensland, Australia, to investigate the link between FiTs and 

electricity disconnections from the grid. Few studies have explored the possible connection 

between policies to promote renewable (solar) energy and energy justice issues (Sovacool et al. 

2016, pp. 4-5). Much of the scientific literature is focused on efficiency of solar FiTs in terms of 

uptake of in solar technology (del Río and Unruh 2007, Jenner et al. 2013) and comparisons 

between FiTs and other policies (e.g. renewable  portfolio standards (Rowlands 2005, Lipp 2007, 

Dong 2012, Carley et al. 2016, Yan et al. 2016) and tradable green certificates (Nicolini and 

Tavoni 2017)). Changes to FiT policy designs have been proposed elsewhere based on findings 

with regard to dependence on the electricity price (Couture and Gagnon 2010), the need for their 

consistency across state borders (Carley 2011), FiTs’ return on investment (Jenner et al. 2013) 

and to avoid lock-up in outdated technology (Danchev et al. 2010). This research represents a 

necessary and fundamental step towards uncovering how energy policy and the adoption of 

renewable technology may be related to issues of equitable availability and affordability of energy. 

5.4.1 Data 

The dependent variable represents the number of monthly occurrences of disconnections 

(deenergisation), at the postcode level, from the electricity network provided by the local retailer, 

Energex (Energex 2017). The data covers the postcodes in the region of South-East Queensland 

of Australia (SEQ, postcodes 4000 – 4581) and the period of January 2009 – December 2016 with 

monthly observations. 
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The FiT policy intervention in the South-East Queensland area is extracted from Table 5.2. Tariffs 

information is coded as dummy variables for the months where a policy is in place. 9 The 

applicable FiTs in the study area are a ‘premium’ FiT and a ‘transitional’ tariff. The ‘premium’ 

tariff is the tariff above 40 AUD cents/kWh available throughout Queensland from June 2008 to 

July 2012. The ‘transitional’ FiT tariff refers to the Queensland Solar Bonus Scheme Mandated 

rate available from 10 July 2012 until the end of June 2014. The ‘premium’ FiT variable name 

denotes that the values are considered higher compared to the subsequent regulated minimums 

(on average about three times higher) and higher than the estimated retail price during the period 

of 2008-2012 (with estimates ranging between 6 – 16 cents/kWh across Australia) (Reserve Bank 

of Australia 2011, Australian Energy Market Operator 2016).10 As the spatial scope of this 

analysis is for the region of SEQ, the Queensland regulated regional minimum applied from July 

2014 onwards falls outside the study area. 

Table 5.3. Descriptive statistics 

Variable name Definition Mean 
(std. dev.) 

No. of 
obs. 

Disconnections Number of disconnections from 
the electricity network for each 
postcode. 

58.19 
(50.85) 

11611 

FiT premium Dummy variable. Records if a 
‘premium’ feed-in tariff (≥$40 
cents/kWh) for each postcode. 

0.44 
(0.50) 

11611 

FiT transitional Dummy variable. Records if a 
‘transitional’ feed-in tariff (<$40 
cents/kWh) for each postcode. 

0.25 
(0.43) 

11611 

Business numbers Numbers of businesses 
operating for each postcode. 

713.34 
(787.93) 

11611 

Population density Population per surface area for 
each postcode. 

1355.47 
(1312.19) 

11611 

Unemployment rate Rate of unemployed to 
employed persons for each 
postcode. 

5.59 
(2.72) 

11611 

Disconnections 
spatial lag 

Disconnections data spatial lag 
for each postcode. 

0.25 
(0.14) 

11611 

 

To control for disconnections which could be attributable to businesses operating in a region the 

data includes information on the number of businesses in operation in each postcode, each month 

over the time period of the analysis (Australian Bureau of Statistics 2012b). Additionally, the 

unemployment rate data was used to control for the socio-economic status of the postcode 

(Department of Employment 2017). The unemployment rate figures are issued quarterly, hence 

                                                           
9 The policy is considered to apply in a month if 50% or more of the days in the month are covered by the 
policy, the whole month. 
10 The minimum and maximum of the gross price of electricity were used to derive these figures. Based on 
the Reserve Bank of Australia report the gross price represents about 45% of the retail price. 
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basic interpolation was used to derive monthly data in between these available periods. Another 

control variable adjusted for in the analysis is the population density of the postcode. This is 

calculated for each postcode for the period of the analysis. The population data is partially 

estimated based on interpolation of data from the Australian Census for 2001, 2006 and 2011 

(Australian Bureau of Statistics 2012c). The population data for 2012 and onwards is extracted 

from the Australian Bureau of Statistics, Data by Region dataset (Australian Bureau of Statistics 

2017). All three of these datasets are originally provided at the Statistical Area Level 2 (SA2) 

level and are brought into postcode format through the use of a correspondence file available from 

the Australian Bureau of Statistics (Australian Bureau of Statistics 2012a). A spatial lag variable 

is derived for the dependent variable to account for potential spatially omitted variables such as 

other unobservable local factors. The splagvar command in Stata was employed after the required 

spatial matrix using the spwmatrix command (Jeanty 2010).11 Also, postcode-specific time trend 

terms are included, although not reported in Table 5.3, to account for variation in time trends 

between postcodes to parameterise heteroscedasticity (Mauser and Maki 2003). Finally, month-

specific fixed effects are also adjusted for to account for potential seasonality in the nature of 

disconnections. 

5.4.2 Estimation technique 

The empirical analysis involves the estimation of a fixed effects Poisson quasi-maximum 

likelihood estimator (QMLE), with cluster robust standard errors (adjusted for clustering within 

postcodes). The Poisson model is suitable as the dependent variable consists of counts of 

disconnections from the electricity network with non-negative values including zero. Furthermore, 

it has very nice robustness properties, yielding consistent and asymptotically normal parameter 

estimates. That is, whether or not the variance equals mean (e.g. the distribution is over- or under-

dispersed), provided the standard errors are adjusted. Based on the sktest command, the 

disconnection data is skewed (n=11611, Pr(Skewness) = 0.00) and kurtosis (n=11611, 

Pr(Kurtosis) = 0.00). Figure 5.4 shows visually the disconnection data is not normally distributed 

and is better described as a Poisson or a negative binomial distribution. The standard errors are 

adjusted for clustering within postcodes. This model is implemented using the Stata command 

xtpqml in Stata/SE 13.1. 

                                                           
11 An inverse distance (α = 1) spatial weights matrix is generated for the unbalanced panel. 
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Figure 5.4. Distribution of disconnection incidents against their normal distribution throughout postcodes in 
South-East Queensland, Australia (2009 – 2016).  

5.4.3 Results and discussion 

The results are reported in Table 5.4. To begin with, it is worth noting that the variance inflation 

factors (VIFs) provide no indication of potential multicollinearity at the conventional level of 10 

for the FiT intervention variables.12 The results indicate that both FiTs correspond to a greater 

number of disconnections registered in each postcode. Specifically, holding other factors constant, 

the ‘premium’ tariff corresponds to an incident rate ratio (IRR) 1.10. That is, disconnection 

incidences are found to be 1.10 times greater than without the ‘premium’ FiT, a result that is 

statistically significant at the 5% level. Additionally, the ‘transitional’ tariff corresponds to 

disconnection incidences at a rate 1.07 times more than without this second type of tariff, a result 

that is statistically significant at the 1% level. 

 

                                                           
12 For the other controls, the VIFs do exceed the value of 10, taken as a rule of thumb to mean a higher than 
acceptable variance inflation factor (O’Brien 2007). There has been a general overreliance on simplified 
rules of thumb regarding variance inflation factors (e.g. the rule of 4 or the rule of 10) in the literature. 
Variance inflation factors of 10, 20, 40, or even higher do not, by themselves, invalidate the results of 
regression analyses, rather the results need to be interpreted in context. In this study, the statistically 
significant results presented here survive what may be regarded in some instances as increased variance 
associated with the ith regression coefficient. 
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Table 5.4. Model results: Dependent variable is count of disconnections from the electricity network 

 

 

 

 

 

 

 

 

 

 

 

 

aCluster robust standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01 
Note: Omitted results include postcode-specific time trend variables and month-specific fixed effects. 

The results also indicate a significant result for the spatial lag variable of disconnections. However, 

the simultaneity bias represents an issue by construction for spatial lags: any postcode could be 

influenced by and may influence a neighbour postcode. For this reason, it is difficult to interpret 

the coefficient of a spatial lag. It is included in the model in order to abstract from potentially 

confounding omitted spatial variables. The other control variables, the business numbers, the 

population density and the unemployment rate do not yield statistically significant estimates. 

The results of this analysis suggest that FiT policy is associated with a greater number of 

electricity disconnections from the grid for the region of South-East Queensland. Retail prices in 

Australia in general and in the study region in particular appear to have correspondingly risen 

over this period, due to grid network costs among other factors, while grid-based average 

electricity consumption has been on a declining trend (Simshauser et al. 2011a, Nelson 2015, 

Sandiford et al. 2015, Tran 2016). These retail prices may completely mediate this connection. 

Retail prices for electricity have been deregulated in the study area from July 2016 and prices are 

expected to rise over the 2017-18 period (Australian Energy Market Commission 2016a, 

 (1) 
  
 Coefficient 
 (standard errora) 
FiT premium 1.1047** 

(0.0438) 
  
FiT transitional 1.0702*** 

(0.0228) 
  
Business numbers 1.0000 

(0.0000) 
  
Population density 1.0000 

(0.0000) 
  
  
Unemployment rate 1.0047 

(0.0053) 
  
Disconnections spatial lag 49.2625*** 

(8.3726) 
  
  
Observations 11496 
Groups 141 
 𝜒𝜒2() = 6.9120e+17 
Prob > 𝜒𝜒2 0.0000 



136 
 

Queensland Government 2017). From the results of the analysis the past design of the FiT policy 

in the Australian market supports the narrative that FiT policy may lead to increased financial 

pressure on grid-connected households from increases in disconnections from the grid. 

It should be recognised though that the analysis carried out here is not without some limitations. 

In the state of Queensland there are a series of financial services available to households who 

experience hardship in paying their electricity bills before disconnections take place (Queensland 

Government 2015a). These can be payment plans, hardship programs or emergency assistance 

schemes accessible as a one-off payment. Data on instances on where and when these funds were 

accessed was not available for the period and area of study. However, rather than inflate the 

reported estimates, this omission would likely lead to an attenuation of the link identified. Further, 

another limitation which hampered efforts to more definitively point to the function of price was 

the absence of retail price data for electricity. This was unavailable and wholesale price did not 

present sufficient variation across space and time to be included in the model estimation (Reserve 

Bank of Australia 2011, Australian Energy Market Operator 2016). 

The results reported support other research which claims that unintended and unjust consequences 

of FiTs can occur. As has been argued elsewhere (Simshauser et al. 2011a, Simshauser et al. 

2011b, Haines and McConnell 2016), solar PV allows wealthier households to achieve ‘grid 

parity’, while poorer households, dependent on the electricity grid, face increased energy bills. 

Moreover, there is also a risk that the gazetting of environmental norms in legislation (e.g. FiTs) 

to safeguard sustainability, is at odds with a social norm of accessibility to an essential service 

(Haines and McConnell 2016). The countervailing norm (sustainability) puts at risk the basic 

human right to a standard of living adequate for the health and well-being (United Nations 1948). 

Arguably these unintended consequences may be more effectively redressed by structural changes 

which move ownership of electricity generators away from electricity retailers, rather than via a 

reduction in subsidies and a lowering of renewable energy targets (Haines and McConnell 2016). 

In all, FiTs in Australia have had a very diverse history over less than a decade. The advent of 

FiTs in Australia in 2008 has been associated with a corresponding increase in solar PV 

installations. However, a number of concerns have been raised regarding the appropriateness of 

the scale of the subsidy offered by FiTs. These concerns, some of which are contested (Nelson et 

al. 2011, McConnell et al. 2013), have led to a general decline in the magnitude of the FiTs offered. 

5.5 A comparison with other developed countries’ FiTs and solar PV 

policy experiences 

In the context of a rapidly escalating attendant cost borne by governments due to the FiT policy, 

the de-escalation of the FiT in most Australian states was abrupt (see Figure 5.3). While the 
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original policy, of providing large FiTs, worked to increase the number of PV systems, other 

issues soon emerged. The original set of policies across the Australian states/territories/regions 

was not particularly nuanced with regard to the range of groups of applicants and types of 

technology to benefit from these FiTs. The de-escalation was not used as an opportunity to 

diversify. Danchev and colleagues point to the risk of having a de-escalating FiT policy as in 

Greece, as this can encourage early entry to the detriment of late comers and there is “…the risk 

of a lock-up with sub-optimal technological option.” (Danchev et al. 2010, p. 500). Countries 

including Germany, France or South Africa have technology specific FiTs (International Energy 

Agency 2015). However, the Australian Energy Market Commission argued against a proposed 

policy to recognise through financial incentives the importance of distributed generation on 

grounds that it has to remain technology neutral (Australian Energy Market Commission 2016b). 

Nonetheless, it can be argued that while aiming to remain technology neutral, the energy market 

regulation should include a differentiation between technology types to favour newer, more 

efficient ones. 

Flexibility on types of technology supported, integration of these technologies into the grid, policy 

certainty and other aspects are the key issues that need to be addressed in the Australian FiT or 

successor policies to support solar and other renewable energy sources (Rowlands 2005, Lipp 

2007, Eltawil and Zhao 2010, Ross et al. 2012, Timilsina et al. 2012, Jenner et al. 2013, Simpson 

and Clifton 2015, Essential Services Commission Victoria 2016, Mahmud and Zahedi 2016). The 

German FiT model incorporates more elements of flexibility13 and is often held as a standard of 

policy design (Lipp 2007, Büsgen and Dürrschmidt 2009, International Energy Agency 2015). 

The Australian FiT policy does not reward generators differently according to technology, supply 

period or location (Government of Western Australia 2005, New South Wales Government 2010, 

Tasmanian Government 2013, Australian Capital Territory Government 2015a, Australian 

Capital Territory Government 2015b, Queensland Government 2015b, Essential Services 

Commission of South Australia 2016, Government of South Australia 2016, Johnston and Egan 

2016, Power Water 2016, Queensland Competition Authority 2016, Tasmanian Economic 

Regulator 2016a, Tasmanian Economic Regulator 2016b, Victoria State Government 2016b). 

There are no additional incentives to supply energy at peak times or in key locations where the 

grid may not adequately cover demand. It is necessary to consider these matters as peak demand 

growth is the driver of the need for upgrades in the Australian network (Nelson et al. 2010, 

Sandiford et al. 2015). Different rates of compensation for different systems, for different times 

                                                           
13  In Germany a as more PV owners enter the market the FiT gradually decreases. A surcharge is in place 
for generators of PV electricity with systems above 10kW, in addition to the FiT value being differentiated 
between technologies. Moreover, Germany updates FiT values it offers frequently (monthly) based on 
market conditions (Lipp 2007, Büsgen and Dürrschmidt 2009, International Energy Agency 2015). 
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of supply and particularly for providing supply at peak times and in strategic locations need to be 

rewarded and PV tariff models adjusted accordingly. 

The FiT as a subsidy can benefit ‘early adopters’ and can be a relatively easy, clear policy to 

implement, but without considering ‘late comers’ it can give rise to a series of implementation 

issues based energy injustice concerns (Nelson et al. 2011, Nelson et al. 2012). Most systems 

worldwide are subsidised through taxpayers funds (International Energy Agency 2015). However, 

funds for the policy can be limited and a first-come first-served rule could be applied as in Austria 

or Switzerland failing to take into account the best location and generation time of such projects 

(International Energy Agency 2015). Moving forward, the federal and state governments in 

Australia need to consider how to create a flexible system that recognizes the disparity between 

‘early adopters’ and ‘late comers’ and groups which may be at a disadvantage in entering the 

market, e.g. renters.  

Heralded as providing households with the opportunity to reduce their energy bills (Froome 2015), 

battery storage solutions may actually accentuate the trends reported in this study. Battery storage 

solutions can increase the rate of disconnections and leave grid-dependent customers paying more 

(Nelson et al. 2011, Nelson et al. 2012). Integrating battery storage systems in the grid may on 

the other hand offload peak demand (Mahmud and Zahedi 2016). If policymakers are to avoid 

unintended outcomes, moving forward, federal and state governments need to also define a vision 

of how the future grid will operate and steer technological development in that direction, before 

technological advances can dictate the evolution of grid system with unintended, unjust 

consequences for its users (Haines and McConnell 2016). 

The structure of subsidies to renewable energy in Australia is the subject of fervent debate. A 

future where batteries perform a significant role in ensuring a stable supply of solar power can be 

seen as a continuation of a market dominated by large suppliers to the detriment of a decentralised 

model. However, Australian policy options which can offer an alternative to, or complement to, 

solar battery technology has yielded intense debate. One such policy is the introduction of a ‘Local 

Generation Network Credit’ (LGNC). Under this policy local generators would receive a credit 

from network businesses (City of Sydney et al. 2015, Kelly et al. 2016).14 The decision of the 

Australian Energy Market Commission (AEMC) to reject this proposal and call for network 

                                                           
14 These credits are meant to compensate for high network connection costs suffered by the generator. 
Network costs make up almost 50 percent of the retail price of a kWh electricity (Reserve Bank of Australia 
2011, Australian Energy Market Commission 2016a). Currently these costs are equally shared by all 
consumers to enable the maintenance and upgrade of the Australian thin spread-out network. In the form it 
was proposed the local generator would receive premiums for exporting at peak time, no existing generator 
and no system under 10kW would qualify for these credits. The policy also provided for 20% of the benefits 
would have been awarded to the network provider (Kelly et al. 2016). The proposed changes were rejected 
by the Australian Energy Market Commission (Australian Energy Market Commission 2016b). 
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businesses to identify their upcoming network constraints and costs in order to design alternative 

solutions has been questioned (Public Interest Advocacy Centre 2016, Rutovitz 2016). Despite 

this rejection, the debate endures. Specifically, more flexible FiTs to enable distributed generation 

have been called for in a Victorian state report by the Essential Services Commission (Essential 

Services Commission Victoria 2016). In other developed nations similar debates are also on-

going: grid operators were not allowed by judicial courts to apply a grid tax in Belgium (Timilsina 

et al. 2012, International Energy Agency 2015). These distributed generation projects could 

provide alternative means for renters to either participate in renewable energy projects (including 

other sources beyond solar) or at least have more options to tailor the source of the energy they 

require. 

The level and structure of FiTs remains under constant review, and other pressures will contribute 

to the rate at which batteries (and other) technologies are adopted. This study has shown that 

while some states consider it necessary to continue regulating tariffs (e.g. for regional Queensland, 

to balance disadvantage from lower competition), others are willing to rely on the market 

mechanism to deliver the appropriate FiT (e.g. South Australia). In a market where the prices of 

electricity have been deregulated, this is likely to have serious implications for customers who 

bear the burden of electricity price rises. 

5.6 Concluding comments 

To conclude, FiTs in Australia have had a short and somewhat motley history. This review 

uniquely provides a synthesis of data and associated description of the co-development of: 

policies; installation costs; and installation numbers. Moreover, this review also reports on new 

analysis that indicates that FiT policies correspond to a greater number of electricity 

disconnections from the grid. Notwithstanding, the provision of much needed data (Ross et al. 

2012) to facilitate Australia-wide policy analysis and contribute to the creation of both new 

knowledge and policy insights in a replicable manner; these findings also address a real paucity 

of evidence on the connection between FiTs and energy justice. 

The role of FiTs in incentivising renewable energy notwithstanding, globally, a growing 

awareness of poverty, inequality, climate change and energy security has drawn increasing 

attention to the energy-social justice nexus (Goldthau and Sovacool 2012). Coupled with this 

growing awareness, society is on the cusp of a dramatic transformation of its energy supply and 

demand processes. In this regard, the efficiency of small-scale solar PV continues to rise (Green 

et al. 2015) and some large-scale projects have the potential to achieve ~97% efficiency in solar 

thermal conversion (converting sunlight into steam) (Pye et al. 2016). Moreover, it is expected 

that battery storage will achieve cost parity with grid-sourced energy as the costs for battery 
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storage solutions continue to fall (Essential Services Commission of South Australia 2016, p. 2). 

There are many reasons to be optimistic about the future for renewable energy: the continued 

improvement in the solar PV and related technology; the scope for integration of such technology 

with traditional electricity grids; and the options to finance the further spread of renewable energy 

systems (Turkenburg et al. 2012, Kabir et al. 2014, Haidar et al. 2015). And these conditions bode 

well for a transition to renewable energy as the dominant energy supply source. However, the 

evidence presented in this review points to the need for thoughtful and just policy responses. 

Notwithstanding differences in energy systems and types of policy to support renewable energy 

uptake, there is a real chance that this socio-technical transition of the energy system will unfold 

in Australia and elsewhere that the number of grid disconnections will continue to grow. In this 

respect, Australia presents some useful lessons for all policymakers broadly. The relative limited 

scope of the FiT policies in comparison to cases such as Germany, has incentivised those in a 

position to do so to take advantage of these benefits and garner personal benefits while creating 

inequalities. Within this energy systems transition process, fuel poverty and energy injustice need 

to be recognised. This point is especially important if policymakers are to avoid perverse or 

unintended outcomes, as indicated by results of this analysis. Furthermore, there remains a real 

need for these instances of disadvantage to be addressed as social justice issues, and ensconced 

within the broader issue of anthropogenic climate change (climate justice) (Sovacool et al. 2016). 

This is essential to avoid further embedding of inequalities which exacerbate the vulnerability of 

groups who already possess a limited capacity to adapt to anthropocentric climate change (Roberts 

2008, Callan et al. 2009, Byrne et al. 2016, Poruschi and Ambrey 2016).  
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Foreword  
Building on Chapter 5 this chapter (Chapter 6) investigates the impact of urban form and feed-in 

tariffs (FiTs) on the installation of solar rooftop photovoltaic (PV) in Australia’s capital cities. 

The study uses a dynamic panel data model to analyse a unique dataset of solar PV panel 

installations at the postcode level for Australia’s capital cities over the period 2001-2015. The 

results of this study indicate that denser built environments can detract from solar PV panel 

installations in the short-run and in the long-run. Further, ‘premium’ FiT policies and to a lesser 

extent ‘regulated minimum’ FiT policies also have short-run and long-run impacts on solar PV 

panel installations. These effects are distinct from the socioeconomic status of an area. Moreover, 

there is a sizable difference in terms of the relative importance of FiTs compared to that of the 

built environment. Specifically, (i) results indicate that FiTs are quite effective in terms of 

promoting solar PV panel installations, and (ii)  whilst increases in the density of the built 

environment at the postcode level for Australia’s capital cities detract from solar panel 

installations, these changes in the built environment appear to be more than offset by the effect of 

FiTs. These results point to a need for urban planners, engineers and decision makers, at all levels 

of government, to undertake further concerted efforts to accommodate current and potential future 

energy technologies. This is integral to the realisation of cities which are both sustainable and 

liveable. 

 

Highlights 

• Urban form and FiT policies have short-run and long-run impacts on installation of 

solar PV panels 

• ‘Premium’ FiT policies positively impact on installation of solar PV panels 

• ‘Regulated minimum’ FiT policies positively impact on installation of solar PV panels 

• A greater prevalence of apartments negatively impacts on installation of solar PV panels 

• FiTs have a larger overall effect on solar PV installation than does the form of the built 

environment 
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Chapter 6. Energy justice, the built environment, and 

solar photovoltaic (PV) energy transitions in urban 

Australia: A dynamic panel data analysis 
 

Abstract 

This study contributes to an understanding of how the distribution of benefits and costs of energy 

production should occur. In doing so, this study draws attention to an uneasy tension between 

urban planning practice focused on urban consolidation and the promotion of solar photovoltaic 

panels in Australia’s capital cities. Specifically, this study investigates the impact of built 

environment and feed-in tariffs (FiTs) on the installation of solar rooftop photovoltaic (PV) in 

Australia’s capital cities. It uses a dynamic panel data model to analyse a unique dataset of solar 

PV panel installations at the postcode level for Australia’s capital cities over the period 2001-

2015. The results of this study indicate that denser built environments can detract from solar PV 

panel installations in the short-run and in the long-run. These effects are distinct from the 

socioeconomic status of an area. Specifically, the results indicate that while increases in the 

density of the built environment detract from solar panel installations, these changes in the built 

environment appear to be more than offset by FiTs. The results point to the need to mitigate the 

risk of energy disadvantage entrenchment through urban consolidation policy. 

 

Keywords: Built environment; Feed-in tariff; Dynamic panel data model; Renewable energy; 

JEL: C23; Q42; Q48; R23; R28 

Abbreviations: PV: photovoltaic; FiT: feed-in tariff 
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6.1 Introduction 

Throughout the world, compact cities are heralded as a pathway to “…achieve fair, inclusive, 

sustainable and resilient cities and societies” (UN Global Compact Cities Programme 2016). In 

this regard, Australia is no different. Urban planning and design articulate built environment 

policy partly implemented through land use zoning which in practice is focused on urban 

consolidation through infill and high-rise developments (Newman 1992, Burton 2003, Neuman 

2005, Glaeser 2012, Morikawa 2012). However, it is still unclear precisely what the consequences 

of these policies are for the uptake of alternative energy systems (Randolph 2006, Queensland 

Government 2009). Urban consolidation can lower residents’ energy consumption in a number of 

ways: through more efficient transportation, by lessening the losses through shorter distribution 

networks, through increasing the number of shared walls and thus lowering heating or cooling 

bills, inter alia (Holden and Norland 2005, Ewing and Cervero 2010, Li et al. 2013, Hamidi and 

Ewing 2014). In contrast though, poorly planned and executed urban consolidation can lead to 

increasing electricity and resources use. This can occur through: the use of cooling and other 

household appliances indoors (e.g. dryers and air-conditioners), due to poor insulation and/or 

ventilation (Hatvani-Kovacs et al. 2015, Malo 2016); the use of energy inefficient technology due 

to poorly structured property rights; wasted electricity in common areas (or high maintenance 

facilities e.g. swimming pools); barriers to sourcing energy from alternative sources (Dubin et al. 

1986, Myors et al. 2005, Roberts et al. 2015). Infill based urban consolidation can act as an 

obstacle to the uptake of renewable energy technology by limiting the amount of solar electricity 

residents have available. 1 

This study is situated within a broader research question on how the distribution of benefits and 

costs of energy production should occur (Sovacool 2014b).2 In particular, this study aims to 

isolate the consequences of the changes in the built environment in relation to a specific energy 

policy on the installation of solar photovoltaic systems in Australian cities. This study’s research 

focus is situated at the intersection of energy policy and built environment policy. Built 

environment policy is under-addressed in energy research and greatly influenced by the urban 

consolidation hypothesis (Newman 1992, Neuman 2005, Randolph 2006, Glaeser 2012, 

Morikawa 2012, Sovacool 2014b). The structure of the built environment as determined by built 

environment policy can make a difference to how energy is generated and used (Burchell et al. 

1998, Burton 2000, Capello and Camagni 2000, Myors et al. 2005, Perkins et al. 2009, Dodson 

                                                           
1 The availability of rooftop solar electricity generation can be limited as more residents share the same roof surface 
area. Additionally, using roof areas as utility spaces for high-rise buildings can lower the physical space available to 
install this technology (Roberts et al. 2015, Roberts et al. 2016) and overshadowing from high-rise buildings can prevent 
installation altogether or make the technology unusable (a form of losing ‘solar rights’) (Roaf et al. 2009, Hadfield 
2012, Bronin 2015, Leduc and Hartwell 2017). 
2 This question is one of the 75 questions highlighted in a paper detailing gaps in energy research carried out from a 
social science perspective (Sovacool 2014b). 



153 
 

2010, Poumanyvong and Kaneko 2010, Gaigné et al. 2012). However, energy policy and built 

environment policy can have unforeseen divergent outcomes. In the context of installation of solar 

photovoltaic panels, planning policy to promote urban densification has the potential to impede 

on the installation of this technology. City dwellers without solar electricity will not enjoy 

financial benefits in the form of reduced overall energy bills (Poruschi and Ambrey 2016). 

Limitations to access benefits of solar electricity have raised equity questions with regard to the 

distribution of benefits from energy policy supporting the uptake of the technology, namely from 

feed-in tariffs (Nelson et al. 2011, Simshauser and Downer 2014). Less understood is how built 

environment and energy policy can act on the same type of outcome, the uptake in solar 

photovoltaic systems and the potential energy justice implications stemming from this. 

Energy justice, an extension of social justice, raises fundamental questions on how the distribution 

of access to energy services should occur in society (Sovacool et al. 2016). Historically, energy 

research has predominantly dealt with natural science and adopted an applied engineering or 

neoclassical economic approach, overlooking broader social sciences’ perspectives (Sovacool 

2014a, Sovacool 2014b, Spreng 2014, Sovacool et al. 2016). Distinct from these more prevalent 

approaches, energy justice research deals with production, consumption, distribution of energy 

with the aim to: reduce inequality in opportunity to access energy services; increase energy 

security; and improve sustainability (Walker and Day 2012, Heffron and McCauley 2014, Fuller 

and McCauley 2016, Sovacool et al. 2016). Energy justice research spans two dimensions: an 

evaluative one and a normative one (Jenkins et al. 2016). On the one hand it explores where 

injustices occur and on the other it contributes to developing processes to remedy these. This 

study is situated in the evaluative dimension of energy justice research, it seeks to create 

knowledge with regard to the issue under study (Jenkins et al. 2016). It examines what the built 

environment and correspondingly built environment policies may mean for the way solar 

electricity generation is distributed in Australian cities (Goldthau and Sovacool 2012, Lamont and 

Favor 2013, Piketty and Goldhammer 2014, Sovacool and Dworkin 2015, Jenkins et al. 2016). 

Energy just outcomes for residential dwellers can be expected to manifest themselves through 

both built environment policy, such as densification, and energy policy, such as feed-in tariffs. 

However, the definitive role of built environment and policy factors on driving the diffusion of 

new (eco-) technology is still not quite understood. Neither are the magnitudes and relative 

importance of different drivers of technology diffusion well known (cf. with eco-technology 

innovation and its diffusion in the work of Karakaya and colleagues (Karakaya et al. 2014)). For 

the case of built environment, this lack of understanding reflects an urgent need for research 

efforts which seek to help cities address the inertia and path-dependency of their physical structure 
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(Owens 1986, pp. 42-43, Karakaya et al. 2014).3 In the context of designing equitable energy 

policy, understanding the relationship between a changing built environment and changes in how 

electricity is generated and used is a crucial step towards integrated energy and urban planning. 

This study makes inroads into understanding the connection between built environment and 

energy policy through the study of solar energy technology installation subsidies in the form of 

feed-in tariffs. In Australia, revisions to the feed-in tariffs (FiTs), differences between policies in 

states and territories and general absence of a collated set of data have hampered detailed analysis 

of feed-in tariffs’ effects (Ross et al. 2012, Poruschi et al. 2018). It has allowed a debate on the 

suitability of their design and outcomes to emerge (cf. Nelson et al. 2011, McConnell et al. 2013, 

Poruschi et al. 2018). 4 This paper adopts a particularly novel perspective by addressing the 

connection between the role of FiTs over time, changes in the built environment and solar PV 

systems uptake.  

Specifically, this study seeks to redress this knowledge gap by investigating the impact of built 

environment and feed-in tariffs (FiTs) on the installation of solar rooftop photovoltaic (PV) in 

Australia’s capital cities. This study uses a dynamic panel data model to analyse a unique dataset 

of solar PV panel installations at the postcode level for Australia’s capital cities over the period 

2001-2015. To accomplish this the following research questions are investigated: (1) Does the 

built environment (the prevalence of apartments) have a negative impact on solar PV panel 

installations in the short-run and long-run? (2) Do ‘premium’ FiT policies impact on solar PV 

panel installations in the short-run and long-run? (3) Do ‘regulated minimum’ FiT policies have 

any impact on solar PV panel installations in the short-run and long-run? (4) How do the impacts 

of the FiTs and the built environment on solar PV panel installations in the short-run and long-

run compare? 

The remainder of Section 6.1 revisits the relevant literature on built environment and FiT policies 

and how they relate to solar PV panel installations. Section 6.2 describes the datasets used and 

the method of analysis. Section 6.3 reports the results obtained for each research question. Section 

6.4 includes a discussion of the results. In Section 6.4 the paper concludes, noting opportunities 

for future research, policy insights and recommendations. 

6.1.1 Solar PV panel installations and the urban built environment 
Australian cities have a strong potential for reducing their heating and cooling energy use through 

state-of-the-art technology, building design and changing behaviours. These energy efficiency 

improvements include the conspicuous proliferation of rooftop solar PVs and solar water heating 

                                                           
3 For example, to avoid limiting space for installation of solar photovoltaic systems in areas with high-rise buildings 
(Roberts et al. 2015, Roberts et al. 2016).  
4 See section 6.1.2 for details on the debate surrounding the policy. 
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that has occurred across the continent (Saddler 2013, Graham et al. 2015, Sandiford et al. 2015). 

Australian cities are a mix of dense urban centres and urban sprawl, similar to cities in the United 

States and Canada (Buxton and Scheurer 2005, Forster 2006). The broader metropolitan areas of 

Australian capital cities are some of the largest in the world in terms of area size (Table 6.1) 

(Spearritt 2009). In comparison to other metropolitan areas, the average population density is one 

of the lowest globally. For example, Toronto’s greater urban agglomeration has an average 

population density of about 1,057 people per square km, while Tokyo proper (only the 23 wards 

of the central part of the metropolitan area) has a population density of about 14,800 (United 

Nations Statistics Division 2017). Australian cities have the highest ratio of rooftop solar energy 

uptake per household (International Energy Agency 2018). PV solar can meet a substantive 

amount of each states electricity demand (see Table 6.2). The demand met by solar PVs can vary 

substantially from day to day or state to state, but for example, solar PVs can meet up to about 

19% of South Australian demand, three times more than the average in Germany in 2012 

(Schaffer and Brun 2015).  

Table 6.1. Australian capital cities statistics 
  

Population Change [%] Population Density [people / km2] 
Capital City 

Area 
Area 
[km2] 

2001-
2006 

2006 - 
2011 

2011 - 
2016 

2001 2006 2011 2016 

Sydney 
(NSW) 

12,368 4% 7% 10% 323 333 355 390 

Melbourne 
(VIC) 

9,991 7% 10% 12% 342 365 400 449 

Brisbane 
(QLD) 

15,826 11% 12% 10% 107 117 130 143 

Adelaide 
(SA) 

3,258 3% 6% 6% 343 355 376 397 

Perth (WA) 6,418 8% 14% 12% 217 236 269 303 
Hobart 
(TAS) 

1,695 4% 5% 5% 113 119 125 131 

Darwin (NT) 3,164 7% 14% 13% 35 34 38 43 
ACT (incl. 
Canberra) 

2,358 5% 10% 11% 132 137 151 168 

Note: The Capital City Area is the Greater Capital City Statistical Area (GCCSA). Data sources: (Australian Bureau 
of Statistics 2011a, Australian Bureau of Statistics 2012b, Australian Bureau of Statistics 2016b) 

However, a focus in urban planning policy on promoting high density through compacter 

dwellings (e.g. high-rises) has attracted concern in terms of the discrepancy between goals 

and outcome (Forster 2006, Randolph 2006, Searle 2010). For example more than half of 

Sydney’s metropolitan area is used for residential land and this land adds the largest share 

of greenery to Sydney (Lin et al. 2015). Loss of this greenery through densification will 

lead to hotter suburbs (Hall 2010, Byrne et al. 2016, Ambrey et al. 2017). High-rise 

buildings can have energy advantages, but they almost but preclude the possibility to 
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access a series of forms of energy savings (e.g. rooftop solar panels) (Randolph 2006, 

Global Energy Assessment 2012, Graham et al. 2015).  

Table 6.2. Australian capital cities and states PV systems installation statistics 

Capital 
City Area 

Total 
capacity 
in 2015 

(systems 
<10 kW) 

[kW] 

Mean 
postcode 
ratio of 
systems 
installed 

to 
dwellings 
in 2015 

[%] 

Maximum 
postcode 
ratio of 
systems 
installed 

to 
dwellings 
in 2015 

[%] 

State Share of 
small scale 

installations 
to total PV 

installations 
(capacity 

installed in 
2015) [%] 

Share of 
small scale 

installations 
to total PV 

installations 
(total 

capacity 
installed 

over time) 
[%] 

Peak 
electricity 
demand 

met by PV 
generation 
at 23 Nov 
2014 [%] 
(Note 1) 

Sydney 345,983 0.73% 5% New South 
Wales 

69.10% 83.30% 3.14% 

Melbourne 461,867 1% 15% Victoria 76.90% 89.60% 6.44% 

Brisbane 644,109 3% 13% Queensland 86.20% 93.70% 9.29% 

Adelaide 375,497 0.90% 5% South 
Australia 

71.90% 87.20% 18.55% 

Perth 385,395 2% 13% Western 
Australia 

79.60% 89.00% 12.13% 

Hobart 26,145 0.50% 1% Tasmania 76.50% 88.30% 3.62% 

Canberra 34,957 2% 7% Australian 
Capital 

Territory 

incl. in NSW 
data 

incl. in NSW 
data 

incl. in 
NSW data 

Darwin 10,406 3% 19% Northern 
Territory 

61.60% 70.10% n.a. 

Note 1: The data is for a date recorded as a top day for PV electricity demand generation. On a low generation day 
the peak can reach 7.72% in WA, 6.3% in SA, 3.66% in QLD and under 1% for NSW, VIC and TAS. Data sources: 
(Australian Photovoltaic Institute/APVI Solar Map 2016, Australian Bureau of Statistics 2017, Australian 
Photovoltaic Institute 2018) 

What the changes in densification may imply for the adoption of solar PV remains poorly 

understood. There is some evidence to suggest that high-rise multi-unit developments 

detract from the solar PV panel installations or at the very least lead to their under-

utilisation (Hadfield 2012, Roberts et al. 2015, Roberts et al. 2016). However, much of 

the research has tended to focus on energy consumption or expenditure without 

incorporating aspects of production such as solar PV panel installations (e.g. Rehdanz 

2007, Petrick et al. 2010, Longhi 2015). Further, while there is quite a strong motivation 
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to understand the impact of built environment (cf. Grubler and Schulz 2013, Steinberger 

and Weisz 2013, Creutzig et al. 2016, Lee 2016) the subject has received relatively little 

attention from empiricists. 

6.1.2 Solar PV panel installations and FiT policies 
FiTs are a method by which the government or electricity retailers can subsidize or even 

offset the cost of installation and operation of solar PV panel systems by remunerating 

owners for electricity fed into the grid (at rates higher, equal to or lower than the retail 

electricity rates). In Australia, these policies have been the subject of some controversy. 

For instance, some argue the FiTs are a form of regressive taxation (cf. Nelson et al. 2011, 

Nelson et al. 2012). 5  Moreover, grey literature points to a substantial decrease in 

technology costs having already occurred after 2010 (Hill 2013, Johnston and Egan 2016). 

This leads to a reduced expected payoff period and reduced need for subsidies. Still, there 

is also evidence that ‘soft’-costs (i.e. business processes including installation labour) 

could be 25 - 50% of the total installation costs presenting a persistent barrier to solar PV 

panel installations (Ardani et al. 2012, Dong and Wiser 2013). In contrast, others conclude, 

based on hypothetical FiTs, that this mechanism could deliver savings to consumers in 

excess of AUD$1.8 billion over just two years (McConnell et al. 2013). In any event, it 

is a cause for concern that a good deal of policy making has occurred without an evidence 

base on which to make causal inferences. 

FiTs have been the subject of earlier research efforts in different contexts with different 

methods (cf. Kuwahata and Monroy 2011, Ross et al. 2012, Jenner et al. 2013, Shrimali 

and Jenner 2013, among others, Balta-Ozkan et al. 2015). FiTs can be more effective than 

other forms of policy (e.g. tradeable quotas) (Lesser and Su 2008), have a more 

administratively straightforward process and provide financial certainty for a set period 

of time to all stakeholders (Mitchell et al. 2006, White et al. 2013). 

The decision to install solar PV relies on a combination of factors, such as solar insolation 

availability (Schaffer and Brun 2015), cost of electricity and financial incentives (Kwan 

2012), as well as personal motivation and social networks (Schelly 2014). FiTs are one 

                                                           
5 The studies find feed-in tariffs benefit wealthier households and could be a form of taxation on low income households 
(i.e. ‘regressive taxation’) (Nelson et al. 2011, Nelson et al. 2012), particularly as solar power generating households 
may not be using less electricity at peak times from the grid (Simshauser 2016). The potential for some consumers to 
suffer a disproportionate burden of the electricity supply costs is additionally supported by a study which finds feed-in 
tariffs correspond to greater numbers of disconnections from the grid (shutting down of the supply) in parts of Australia 
(Poruschi et al. 2018). Against the argument that feed-in tariffs are a form of regressive taxation, other research shows 
FiT policy could result in savings being delivered to consumers (McConnell et al. 2013). 
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mechanism which have the potential to accelerate the speed of solar panel adoption 

(Bauner and Crago 2015). Indeed, a fixed market-independent FiT is reasoned to be the 

most effective policy (Couture and Gagnon 2010). 

Still, there are a number of factors which may impede the effectiveness of feed-in tariffs. 

Poor policy design, including: failing to take into account known risks; not concomitantly 

reducing subsidies for fossil fuels; perpetuating lock-in to sub-optimal technology 

(Danchev et al. 2010, Kuwahata and Monroy 2011, Ross et al. 2012). These and other 

factors can delay industry and market maturity for renewables and lower the return on 

investments from renewables. Policy uncertainty around FiTs can detract from their effect 

(Ritzenhofen and Spinler 2016). Furthermore, there are a wide range factors (not all of 

which are within the policy makers’ control) which could complement solar PV panel 

installation diffusion. These include: the removal of structural barriers (e.g. ease of grid 

connection); technology cost reduction (e.g. cheaper production); 6  technology 

availability improvement (e.g. home transformers, batteries); policy certainty; competent 

installation services; demonstration projects and other forms of outreach to the 

community (del Río and Unruh 2007, Ardani et al. 2012, Dong and Wiser 2013). Across 

a number of developed countries (e.g. U.S., parts of Canada, 23 European Union members, 

Japan and Australia) FiTs have proven to be popular policy instruments (Carley 2009, 

Ross et al. 2012, Islam and Meade 2013, Jenner et al. 2013, Muhammad-Sukki et al. 

2014).  

This paper is particularly unique in that it reconciles both the built environment and FiTs 

with solar PV panel installations. Furthermore, it does so in a way that: (1) appreciates 

the dynamic nature of the diffusion process over time; and (2) permits causal inferences 

regarding the impacts of the built environment and two distinct forms of feed-in tariffs. 

In doing so, this paper extends on the scientific literature in this field to help inform 

debates amongst urban planners, energy policy makers and scholars. 

6.2 Data and method 

Sections 6.2.1 and 6.2.2 detail the data used, while Section 6.2.3 details the estimation technique 

and diagnostic checks. 

                                                           
6 Australia imports most of its solar panels. Reduction in FiTs meant that more businesses sourced cheaper systems to 
remain competitive. 
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6.2.1 The solar PV panel installations FiT policy data 

The dependent variable in the model uses data on the number of yearly installations of small-scale 

PV systems (<10kW) used for residential energy generation purposes. The original dataset 

contains monthly data for all postcodes in Australia over the period of 2001-2015 (Australian 

Photovoltaic Institute/APVI Solar Map 2016). 

In terms of independent variables, the data for the feed-in tariffs in Australia is based on 

information collected by Poruschi et al (Poruschi et al. 2018). The dates used to set the intervals 

during which a policy is applied are the cut-off dates for qualifying to receive the particular tariff 

specified under the policy. The cut-off is the application date: that is, the date when the household 

submitted a request to have their current/future solar PV installation considered eligible to receive 

the FiT under the scheme. 

The feed-in tariff (FiT) policy variables represent the percentage of months in a calendar year that 

FiTs are in effect for. The data records when the ‘premium’ FiT was provided and when a 

‘regulated minimum’ FiT was in place (as opposed to a voluntary FiT) for each state. 

The ‘premium’ tariff is a more generous form of subsidy introduced after a decision in 2008 by 

the Council of Australian Governments to systematize the framework for providing these tariffs 

(Council of Australian Governments 2008, Poruschi et al. 2018). The states and territories of 

Australia implemented slightly varying ‘premium’ FiT mechanisms in the structure of the scheme 

and the range of tariffs (between 40 – 60 cents/kWh) (Commonwealth of Australia 2011). This 

type of FiT provides ‘premium’ (higher) values meant to encourage the uptake of this new 

technology. This version of the policy is called a ‘premium’ FiT in this study because the values 

are considered comparatively higher to the subsequent regulated minimums (on average about 

three times higher) and the estimated retail price during the period of 2008-2012 (with estimates 

ranging between 6 – 16 cents/kWh across Australia) (Reserve Bank of Australia 2011, Australian 

Energy Market Operator 2016).7 The implementation of the ‘premium’ FiTs in Australia has been 

accompanied by growth in small scale residential solar PV systems. Between the end of 2008 and 

2012 the number of systems installed increased from 22,126 to 980,544 systems (<10 kW) 

(Australian Photovoltaic Institute/APVI Solar Map 2016). 

The ‘regulated minimum’ tariff reflects a general re-structuring of the ‘premium’ FiT levels  

stemming from the decision to allow tariffs to be offered by the market (‘voluntary tariffs’): to 

avoid tariffs falling beneath a certain threshold, generally due to concerns regarding lack of 

competition among retailers, a minimum is regulated in some of the Australian states or regions 

                                                           
7 The minimum and maximum of the gross price of electricity were used to derive these figures. Based on the Reserve 
Bank of Australia report, the gross price is considered to be about 45% of the retail price. 
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(Office of the Tasmanian Economic Regulator 2016, Poruschi et al. 2018). The states of Victoria, 

South Australia and Tasmania have regulated minimums and Queensland has regulation only for 

its regional (rural) areas.8 By 2016 the feed-in tariffs' value offered by electricity retailers ranged 

between 4 and 10 c/kWh.9 It would seem the reduction in tariff levels has not impacted greatly 

on the popularity of the rooftop photovoltaics. At the end of 2015 homes with installed systems 

almost reached the mark of 1.5 million (1,476,931 installations) (Australian Photovoltaic 

Institute/APVI Solar Map 2016). 

6.2.2 The built environment and income data 

Other independent variables are the figures for the total number of apartments and total dwellings. 

These figures are estimated using a tobit model employing as regressors the number of dwellings 

under construction for each state by type of dwelling throughout the period of 2001 – 2015 

(Australian Bureau of Statistics 2016a) and the data from the Australian Census for the years 2001, 

2006 and 2011 (Australian Bureau of Statistics 2012b) at a detailed spatial level (Australian 

Bureau of Statistics 2011a).10 The resulting model coefficient estimates are used to interpolate 

the values for years between the Census years and to extrapolate beyond 2011 to 2015. To bring 

the dataset to the same spatial level as the solar photovoltaic installation data, the information on 

the number of dwellings by type is aggregated to postcode area using Geographic Information 

Systems (GIS) and Australian Bureau of Statistics (ABS) correspondence files (Australian Bureau 

of Statistics 2012a). In the same vein as Graziano and Atkinson (2014), the definition of built 

environment density used here is functional, describing built environment in a manner relevant to 

solar PV panel installations. 

The income data time-series is derived from the Australian Census of Population and Housing 

and the total estimate is composed from the individual estimates generated from 11 Ordinary 

Least Squares regressions (one for each income bracket) (Australian Bureau of Statistics 

2012b).11 Similarly to the built environment set, the data is aggregated to postcode level based on 

ABS concordance files with the help of a GIS environment (Australian Bureau of Statistics 2012a). 

                                                           
8 For regional areas of Queensland a minimum tariff is regulated, but not for the urbanised South-East Queensland 
(SEQ) where more competition exists among retailers. The boundary extent of SEQ is as per the SEQ 2009-2031 
statutory regional plan (Queensland Government 2009). The boundary GIS data is sourced from the Queensland 
Government. All the postcodes falling outside the SEQ boundary (based on their centroid) are considered as areas with 
minimum FiTs regulated. 
9  Based on an authors’ survey of the FiTs offered by the electricity retailers undertaken in October 2016. The 
information is sourced from the energy contracts comparison online platform ‘Energy Made Easy’ set-up by the 
Australian Government. The platform allows standardised format offers from electricity retailers to be viewed. Feed-
in tariffs for the first distinct ten offers (where available) in order of lowest cost are surveyed for random postcodes 
within each classification of location centrality/remoteness for each state (Australian Bureau of Statistics 2011b, 
Poruschi et al. 2018). 
10 Unit of analysis is the Statistical Area 2 (SA2). This unit is defined based on a series of criteria including population 
(at an average of 10,000 persons) and functional ones by the Australian Bureau of Statistics. 
11 The highest income bracket is an open-ended class. The open-ended class median is calculated based on 
the algorithm described by Parker and Fenwick (1983). See supplementary material 1 for more information. 
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Initially, another more specific measure of relative advantage developed by the Australian Bureau 

of Statistics was considered, but the ranked nature of the measure and the absence of any other 

superior data to contribute in the estimation process, resulted in the use of the income data. 

To avoid outliers, as there are very few apartment buildings in remote Australian areas, the entire 

panel data is subset to the Greater Capital City Statistical Area boundaries (Australian Bureau of 

Statistics 2011a). These areas are defined as the relevant areas of socioeconomic activity 

containing the capital cities of the eight Australian states and territories. Specifically, “…the 

greater capital city boundary includes people who regularly socialise, shop or work within the 

city, but live in the small towns and rural areas surrounding the city. It does not define the built 

up edge of the city.” (Australian Bureau of Statistics 2011a) In the absence of an official definition 

of a metropolitan area, this boundary is used in the current analysis to represent the broader 

metropolitan area of the capital cities, which can still contain some areas officially classified as 

rural. 

Additional detail on the data preparation are included in the Supplementary material. 

6.2.3 Method 

The research questions are investigated using a dynamic panel data model. The empirical model 

is described in Equation 1: 

lnPVi,k,t =  α0 + α1lnPVi,k,t−1 +  α2lnBuiltEnvi,k,t + α3FiTPremiumi,k,t +
α4FiTMinimumi,k,t + α5klnIncomei,k,t + ∑ α6jDji,k,t

m
j=1 + µi +

εi,k,t                                                                                                                         (1)  

In Equation 1, the PVi,k,t is the number of solar PV panel systems installations divided by the 

number of residential dwellings (all types) in a postcode i within state/territory k, at time t. 

BuiltEnvi,k,t is illustrative of the built environment of the area where the installation of PVs 

occurred. It is the rate of apartments to other forms of housing in the postcode. The FiTi,k,t is the 

policy support in the form of a FiT, for each postcode within each state/territory k, at time t. 

FiTpremium is: the percentage of a given year that the ‘premium’ FiT is offered in the postcode. 

FiTminimum is: the percentage of a given year that the minimum FiT is regulated in the postcode. 

Incomei,k,t, is an estimate of the socioeconomic status of the area. Di,k,t denotes the dummy 

variables. They include the state and year-specific fixed effects. µi  is postcode-specific fixed 

effect (the time invariant, unobservable characteristics of the postcode area). Finally, εi,k,t is the 

error term (see Table 6.3 for the descriptive statistics of the variables).  
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Table 6.3. Descriptive statistics 

Variable name Definition Mean 
(std. dev.) 

No. of 
obs. 

Dependent    
PV  The postcode’s rate of rooftop 

systems installed (<10 kW) to 
total residential dwellings 

0.44 
(0.67) 

14932 

Independent    
BuiltEnv The postcode’s rate of 

apartments to total residential 
dwellings 

2.13 
(1.23) 

14596 

FiTpremium The postcode’s percentage of a 
given year that the premium FiT 
is offered 

13.23 
(31.07) 

14940 

FiTminimum The postcode’s percentage of a 
given year that the minimum 
FiT is regulated is offered 

13.30 
(33.48) 

14940 

Income The postcode’s average weekly 
total income per household. 
Natural logarithm of original 
values in $ AUD.  

15.35 
(0.77) 

14911 

 

The Arellano and Bond estimator has been applied in the field of energy demand research, 

although, to the knowledge of the authors, it has not been applied to the installation of solar PV 

systems (Arellano and Bond 1991, Blázquez et al. 2013). Our study employs an Arellano and 

Bond estimator, as a first-differenced twostep generalised method of moments (GMM) estimator 

(e.g. Manning et al. 2017).  

By using this estimator it is possible to test hypothesised causal relationships regarding the built 

environment and FiT policies influence on the solar PV panel installations. This is enabled by 

having a clear order of events in time. The GMM estimator reduces the risk of omitted variables, 

simultaneity and has the benefit of not employing other distributional assumptions such as the 

error-related heteroscedasticity assumption and serial correlation full specification (Kelaher and 

Sarafidis 2011, Wan et al. 2012, Manning et al. 2017). In other words, GMM models can be used 

to study the effect of an independent variable without needing a host of other variables to mitigate 

the risk of omitted variables. GMM models do not make an assumption on the shape of the 

distribution function of the data and they deal with endogeneity arising from omitted variables 

(among others). A point of difference from system-GMM, is that the first-difference GMM is 

more reliable, as it does not employ the assumption that instrumenting variables first differences 

are not correlated with postcode-specific fixed effects (Roodman 2006, Manning et al. 2017). 

Also, to deal with downward bias of the standard errors in finite samples, standard errors are 

reported with the robust Windmeijer-correction (Windmeijer 2005, Cameron and Trivedi 2009, 

Roodman 2009, Manning et al. 2017). Corrections for small sample size and orthogonal 
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deviations are used (Arellano and Bover 1995, Cameron et al. 2008, Manning et al. 2017). Note 

that all explanatory variables, apart from year-specific fixed effects are considered to be 

predetermined. Year-specific fixed effects are used as instruments of themselves. The collapse 

option is used to prevent instrument proliferation (Roodman 2006, Manning et al. 2017). 

6.2.3.1 Diagnostic checks 

To verify modelling suitability a set of diagnostic checks are undertaken (Roodman 2006, 

Manning et al. 2017). Postcode fixed effects are found to be jointly statistically significant through 

an ordinary least squares dummy variable regression. The dependent variable is found to show 

presence of autocorrelation based on a Wooldridge test for autocorrelation in panel data. This 

indicates a dynamic process where current period of time dependent variable’s value is influenced 

by its past values. The presence of autocorrelation indicates that it is appropriate to model solar 

PV panel systems installations as a dynamic process using the Arellano-Bond estimator. 

To find whether all dependent variables are stationary, the Im, Pesaran and Shin test for unit roots 

in panel data is used (Im et al. 2003, Manning et al. 2017). The test removes cross-sectional means 

which eliminates cross-sectional dependence. Results from the test indicate that variables are 

stationary. The exclusion restriction criteria are satisfied using both the Hansen test (robust, but 

weakened by instrument proliferation) p-value = 0.6780 and the Sargan test p-value = 0.7521 (not 

robust, but not weakened by instrument proliferation). The Arellano-Bond tests for AR(1) is 

rejected, as expected, and the AR(2) and AR(3) are reassuringly not rejected. Also, 

multicollinearity does not appear to be problematic with a maximum variance inflation factor of 

2.26. Based on these tests results, it is reasonable to conclude that the use of the first-differenced 

twostep GMM estimator is appropriate. The model is shown to be jointly statistically significant 

with an F-test statistically significant at the 1% level. 

6.3 Results 
Estimating Equation 1 using an Arellano and Bond estimator (1991), as the first-differenced 

twostep generalised method of moments (GMM) estimator, yields the results reported in Table 

6.4.12 Table 6.4 column 1 shows a lag term that is within the admissible range of stationarity, with 

an absolute value greater than 0 and less than 1. The size of the estimate of first order lag of the 

                                                           
12 Note that the dependent variable is transformed using a natural log transformation. As such, the coefficients of the 
explanatory variables which have also been transformed using the natural log transformation are interpreted as 
elasticities. E.g. a 1% increase in the PV variable in the year t-1 leads to a 0.68% change in the current year (1.010.6810 
= 1.0068). Where the explanatory variable is not transformed using the natural log transformation the coefficients 
interpreted in terms of a percentage change in the dependent variable for a one-unit change (equivalent to a 1% change) 
in the explanatory variable. E.g. for a 10-unit (10-percentage point) increase (roughly equivalent to one additional 
month in a given year in the percentage of the year a ‘premium’ FiT is offered in the postcode) leads to a 15.3730% 
increase in PV variable (exp(0.0143) = 1.0144, exp(1.0143*10) = 1.1537). 
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dependent variable Ln(L1.PV) 0.6810, statistically significant at the 1% level, indicates that the 

past shocks to solar PV panel installations13 are on average relatively persistent. 

A number of short-run effects are shown in Table 6.4 column 1. A 1% change in the built 

environment variable reduces solar PV panel installations by 0.6581%. Further, a 10-unit (10-

percentage point) increase (roughly equivalent to one additional month in a given year) in the 

postcode’s percentage of time in a given year that the ‘premium’ FiT is offered leads to a 

15.3730% increase in solar PV panel installations. Similarly, a 10-unit (10-percentage point) 

increase (or again, roughly equivalent to one additional month in a given year) in the postcode’s 

percentage of time in a given year that the minimum FiT is regulated is offered) leads to an 

8.1123% increase in solar PV panel installations. These results are distinguishable from the 

socioeconomic status of the postcode measured by income which is itself found to be related to 

higher levels of solar PV panel installations. All of these results are statistically significant at the 

1% level. 

A number of long-run effects are shown in Table 6.4 column 2. The long-run or total asymptotic 

effect of a 1% change in the built environment results in a reduction in solar PV panel installations 

of 2.0316%. In addition, a 10-unit (10-percentage point) increase (roughly equivalent to one 

additional month in a given year in the postcode’s percentage of a given year that the ‘premium’ 

FiT is offered) leads to a 56.6745% increase in solar PV panel installations. And a 10-unit (10-

percentage point) increase (roughly equivalent to one additional month in a given year in the 

postcode’s percentage of a given year that the minimum FiT is regulated is offered) leads to a 

27.8900% increase in solar PV panel installations. These long-run effects are all statistically 

significant at the 1% level. Only the long-run effect of income is statistically significant at the 5% 

level. 

Table 6.4. Model results: Dependent variable is Ln(PV) 

                                                           
13 For ease of expression solar PV panel installations is used. Formally, ‘solar PV panel installations’ refers to the 
postcode’s percentage of rooftop systems installed (<10 kW) out of total residential dwellings (see Table 6.3). 

 (1) (2) 
   
 Coefficient Coefficient 
 (standard errora) (standard errorb) 
Ln(L1.PV)  0.6810*** 

(0.0793) 
 

   
Ln(BuiltEnv) -0.6581*** 

(0.2138) 
-2.0628*** 
(0.6962) 

   
FiTpremium 0.0143*** 

(0.0020) 
0.0449*** 
(0.0103) 
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aRobust standard errors in parentheses 
bDelta-method standard errors in parentheses 
* p < 0.10, ** p < 0.05, *** p < 0.01
Note: Omitted results time control variables for years 2004-2015.

6.4 Discussion 
This study contributes to the energy policy debate on the future of the electricity network system 

under increased integration of renewable sources by wedding urban planning decisions and 

renewable energy investment decisions. This study uses a dynamic panel data model to analyse a 

unique dataset of solar PV panel installations at the postcode level for Australia’s capital cities 

over the period 2001-2015. It explores the following questions: (1) Does the built environment 

(the prevalence of apartments) have a negative impact on solar PV panel installations in the short-

run and long-run? (2) Do ‘premium’ FiT policies impact on solar PV panel installations in the 

short-run and long-run? (3) Do ‘regulated minimum’ FiT policies have any impact on solar PV 

panel installations in the short-run and long-run? (4) How do the impacts of the FiTs and the built 

environment on solar PV panel installations in the short-run and long-run compare? 

The results of this study indicate that denser built environments can detract from solar PV panel 

installations in the short-run and in the long-run. As the residential built environment is populated 

by an escalating number of apartments the ratio of dwellings that have solar PV systems 

necessarily declines. These findings support previous work suggesting lower density is more 

suitable for solar energy and that foresight is needed to maximise solar and daylight availability 

FiTminimum 0.0078*** 
(0.0022) 

0.0246*** 
(0.0048) 

Ln(Income) 0.2205*** 
(0.1113) 

0.6912** 
(0.3039) 

Observations 12635 
Groups 990 
F-statistics 722.1667 
Prob > F 0.0000 
Lag limits ln(L1.PV) [6, 7] 
Lag limits ln(FiTpremium) [3, 3] 
Lag limits ln(FiTminimum) [1, 1] 
Lag limits ln(BuiltEnv) [1, 2] 
Ln(Income) [3, 3] 
Instruments count 19 
Arellano-Bond tests 
AR(1) Prob > z 0.0000 
AR(2) Prob > z 0.2898 
AR(3) Prob > z 0.6305 
Sargan test Prob > 𝜒𝜒2 0.7521 
Hansen test Prob > 𝜒𝜒2 0.6780 
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(Steemers 2003, Compagnon 2004, Cheng et al. 2006). Further, ‘premium’ FiT policies and to a 

lesser extent ‘regulated minimum’ FiT policies are also found to have short-run and long-run 

impacts on solar PV panel installations. These effects are distinct from the socioeconomic status 

of an area. Moreover, there is a sizable difference in terms of the relative importance of the FiTs 

compared to the built environment. Specifically, the results indicate that FiTs are quite effective 

in terms of promoting solar PV panel installations: while increases in the density of the built 

environment at the postcode level for Australia’s capital cities detract from solar panel 

installations, these changes in the built environment appear to be more than offset by the FiTs. 

Prima facie, these results point to a relatively small impact of the built environment on solar panel 

installations. However, this must be interpreted alongside the within-sample changes in the built 

environment variable (Overall standard deviation: 1.2290; Between standard deviation: 1.2177; 

and Within standard deviation: 0.2240). Given the relatively low prevalence of apartments (as 

measured by the built environmental variable) in the sample, as indicated by a mean of 2.1285% 

(see Table 3), this difference in size of effect is not surprising. While apartment construction has 

been growing (Australian Bureau of Statistics 2016a), future research efforts using more spatially 

disaggregated data (which may permit the identification of larger changes in the built 

environment) could plausibly yield larger effect sizes. As the ratio of apartments to total dwelling 

types increases, particularly in the three major capital cities (Sydney, Melbourne and Brisbane), 

the impact of the built environment can be expected to increase to the detriment of energy policy 

efficacy such as the FiTs (Australian Bureau of Statistics 2016a). 

Obvious barriers to sourcing energy from alternative sources, such as, rooftop solar PV panels for 

compact dwellings (Dubin et al. 1986, Myors et al. 2005, Roberts et al. 2015) of course still 

remain. It is reasonable to expect that increasing densification over all feasible values (e.g. values 

well outside of those in the sample) that this elasticity might be much more negative. 

The future of the electricity market under the integration of renewable energy systems and the 

structure of subsidies to renewable energy is a widely debated topic. More stringent requirements 

on residential generators to ensure network stability and avoid the ‘overflow’ phenomenon14 are 

likely to ensue together with a more flexible FiT format (City of Sydney et al. 2015, Essential 

Services Commission Victoria 2016, Kelly et al. 2016, Public Interest Advocacy Centre 2016, 

Rutovitz 2016). 15  Energy generating households’ costs from network connection would be 

compensated through credits, as network costs make up almost 50% of the retail price of a kWh 

electricity (Reserve Bank of Australia 2011, Australian Energy Market Commission 2016). At 

                                                           
14 Overflow can occur when too much renewable electricity is simultaneously fed into the grid at a particular location. 
15 For example, imposing a requirement for a system of be of minimum 10kW to qualify for credits and have the ability 
to supply energy at peak time. Currently these costs are equally shared by all consumers to enable the maintenance and 
upgrade of the Australian thin spread-out network. 
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present, all consumers equally contribute to covering grid costs. In order to benefit from these 

changes, distributed generation projects could provide alternative means for renters and 

financially disadvantaged groups to either participate in renewable energy projects (including 

other sources beyond solar) or at least have more affordable options to tailor the source of the 

energy they require. This would address both an issue of affordability, but also one of availability 

in the context of energy justice issues, where energy resources of high quality can be ensured for 

disadvantaged consumers (Sovacool 2013).  

Poor policy design can lead to government inadvertently expending more in subsidies under the 

FiT scheme and in turn trigger radical shifts in policy and questions on the equitability of such a 

scheme (Nelson et al. 2011, Martin and Rice 2013). The need remains to design a ‘fair and 

reasonable’ subsidy (Office of the Tasmanian Economic Regulator 2016). It is crucial to learn 

from past FiT implementation and refine this type of policy.16 Support for a distributed generation 

may be the only option to reduce ‘grid defection’ and avoid the ‘utility death spiral’ (Costello and 

Hemphill 2014, Laws et al. 2017, Poruschi et al. 2018). Subsidies for costs of purchase, 

installation and maintenance of PV technology remain popular and apparently are still needed to 

incentivise solar PV adoption to flourish worldwide (International Energy Agency 2015, p. 32, 

de Souza and Cavalcante 2016).17 While cost-effectiveness analysis in the absence of subsidies 

shows the potential for independent investment exists, the disadvantage created by the split 

incentive or complex ownership structures (e.g. strata-title ownership) in high-rise apartment 

buildings are a persistent barrier (Randolph 2006, Seeling et al. 2009, Lang et al. 2016, Luthander 

et al. 2016, Buessler et al. 2017). Lessons from the FiT policy can inform future tariff setting 

mechanisms to incentivise households with reliable self-supplied energy to stay connected to the 

grid (Brinsmead et al. 2017, Energy Network Australia and CSIRO 2017). 

There are some limitations to the analysis presented. Originally, it would have been ideal to 

include information on the electricity price facing households. Although the retail price 

information is not available freely, the historical gross electricity price data is available from the 

Australian National Electricity Market. However, the available price data offered too little 

variability to identify any useful insights. Another dataset that was investigated was the 

technology cost of the solar PV panel installations across Australian cities. However, due to lack 

of reliable systematized records of prices across various regions of Australia, this data could not 

be operationalised in the model. There is evidence in grey literature that technology costs have 

                                                           
16  A series of changes to FiT policy designs have been proposed in literature elsewhere: to account for dependence on 
the electricity price (Couture and Gagnon 2010); to ensure consistency across state borders (Carley 2011); with 
consideration of the policy’s return on investment (Jenner et al. 2013); to avoid lock-up in outdated technology 
(Danchev et al. 2010). 
17 According to the International Energy Agency, in 2014, 96.3% of the world PV market depended on support schemes 
and that FiT schemes represented 63% of the types of policies in place (International Energy Agency 2015, p. 32). 
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decreased substantially after 2010; reducing the expected payoff period (Hill 2013, Johnston and 

Egan 2016). Still, there is also evidence that ‘soft’-costs (i.e. business processes including 

installation labour) could be 25 - 50% of the total installation costs presenting a persistent barrier 

to solar PV panel installations (Ardani et al. 2012, Dong and Wiser 2013).  

Notwithstanding these limitations, a plethora of diagnostic tests (detailed in Section 6.2.3.1), in 

particular the Sargan and Hansen tests, provide reassurance that the results presented here are not 

confounded by endogeneity. The tests themselves indicate that there is no evidence to suggest 

that home ownership (Schaffer and Brun 2015) or other omitted variables explain the results. To 

better qualify the findings from this analysis, it is not argued in this paper that there are no other 

factors which can help explain the uptake of rooftop solar PVs, rather that the particular effect 

observed here is specific to the two policies under consideration. Unlike regular regression models 

(e.g. OLS, fixed effects), the GMM estimators employ a complex suite of diagnostic effects to 

identify the particular effect of the variables under study.  

While not a limitation in itself, spatial dependencies could be modelled and explored through 

alternate spatially explicit models. As the standard errors reported are robust and a number of 

diagnostic test statistics attest to the results not being confounded by some unobserved factor, it 

does not appear that there is a need for a spatial model here. Although not the purpose of this 

study, future research efforts along these lines could be expected to extend on the findings 

reported in this study (e.g. identifying both direct and indirect (spillover) effects which may 

correspond to the FiTs due to the conspicuous nature of their consumption).  

The use of a semi-parametric method enables fewer assumptions to be made about the form of 

the relationship between the variables and enables the study of reduced form models, i.e. 

containing a smaller set of variables. When data is not available on a whole host of factors, the 

AB estimator enables identification of specific effects from targeted variables, which is not to say 

other factors will not have a separate effect on the dependent variable (e.g. homeownership, solar 

radiation, motivation, social networks) (Schelly 2014, Schaffer and Brun 2015). The validity of 

the results presented here is assessed through a series of diagnostic test statistics. It is worth 

highlighting that results reported here are estimates which provide an approximation of causality. 

This is achieved through advanced inferential statistics methods (i.e. the AB estimator) designed 

to approach elucidation of underlying causal relationships. 

6.4.1 Concluding comments 
This study investigates the impact of increasing density of built environment through infill and of 

feed-in tariffs on the installation of solar PV panels in Australia’s capital cities. What is perhaps 

the most compelling finding of this study is the significance of feed-in tariffs to solar PV panel 

installations. What these FiT policies ultimately mean post-solar PV panel installation for energy 
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consumption is a particularly pertinent question for further research. For instance, the 

densification effect for final energy consumption encompasses not only the effect of a lower ratio 

of detached to non-detached buildings, but also the effects of overshadowing from neighbouring 

high rises and the concomitant loss of ‘solar rights’ (Roaf et al. 2009, Hadfield 2012, Bronin 2015, 

Leduc and Hartwell 2017). A focus on energy consumption could also reveal the extent to which 

a rebound effect (or Jevons’s Paradox) may offset any energy savings (Brännlund et al. 2007, 

Deng and Newton 2016). In addition, it could reveal how less well-known spillover effects such 

as the added diversity of energy sources can improve or not the reliability of the whole grid 

(Hepburn 2016). 

From a public policy perspective, there are lessons to be taken from the implementation of the 

FiT schemes which extent beyond the scope of the results reported in this study. The adoption of 

this innovation is coming at a cost to the electricity network, where upgrades need to be 

implemented to deal with the risk of ‘overflow’ and other matters pertinent to distributed 

generation, for example, smart meters. The flow-on effects to financially disadvantaged people 

involve the capacity to afford rising costs of electricity supply. Notably, FiTs in Australia have 

received criticism on the grounds that they represent a regressive form of taxation and ingrain 

energy inequalities (Nelson et al. 2011, Nelson et al. 2012). However, these claims are not 

uncontested and should be carefully evaluated, with a fair appraisal of the available options.  

Aside from the public social and energy policy perspective, this work addresses a crucial point of 

energy systems design and policy that pertains to built environment policy: while the analysis 

finds FiT policy offsets urban consolidation, continuing densification through high-rise apartment 

buildings could plausibly yield a larger effect of the built environment. Other than urban planning 

being under-addressed in the context of energy research (Sovacool 2014b), this work highlights 

issues in the future design of built environments, particularly cities. When promoting a particular 

energy technology to achieve efficiency in terms of carbon emissions and encourage alternative 

energy systems (i.e. including distributed energy generation), it is also important to consider the 

scale of action (Pasqualetti and Sovacool 2012, Sovacool 2014b). If a national or state policy 

ignores scalar effects and does not take into consideration local conditions, its equity implications 

can be called into question. Finding a positive relation between income and the presence of solar 

PV systems, points to the emergence of an equity problem, as the distribution of benefits seems 

to be localised in higher income areas. The implementation lessons of a policy like the FiTs in 

Australia can teach an important lesson in how a focus on technological innovation alone can lead 

to unintended outcomes. Energy and societal transformation has the potential to amplify equity 

issues if not thoughtfully considered (Byrne and Rich 1986, Laird 2003, Droege 2012, Sovacool 

and Brossmann 2013, Sovacool 2014b, Fleming et al. 2016, Hornborg 2016, Poruschi and 

Ambrey 2018). 
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Furthermore, there are potentially a series of energy-related injustices which emerge at the 

interface of energy policy and built environment. This work has focused on one particular 

technology, on a specific energy policy format to support it and on a specific outcome of built 

environment policy which is found to detract from the efficiency of the energy policy. Still, more 

vulnerable or disadvantaged groups appear to face a series of energy-related injustices. Access to 

a house, to a green neighbourhood or to energy saving technology and building features can all 

make a considerable impact on the energy use and expenditure of households. Disadvantaged 

groups rely more on public green areas due to lack of private access to such facilities (Lin et al. 

2015). Urban consolidation reduces greening and can leave residents in these areas to contend 

with higher temperatures outside and inside the home (Byrne et al. 2016). Living in dwellings 

more compact than a detached house, as well as living in a large city, are two factors associated 

with a lower likelihood for residents to take energy saving actions (Poruschi and Ambrey 2016). 

Additionally, house dwellers can have access to technological solutions which ensure thermal 

comfort in extreme weather through small off-grid systems reducing health risks and energy bills 

(Goldsworthy 2017). Compact forms of living, built to minimise energy use, can even half energy 

use compared to other apartment buildings, but these features require additional investment at the 

construction stage (Schnieders and Hermelink 2006, Berry et al. 2014). 

To enable access to energy saving options, the energy justice principles of production, 

consumption, distribution, which include reduction of inequality in opportunity for access, energy 

security and sustainability need to be embedded in both energy policy and urban planning policy 

(Walker and Day 2012, Heffron and McCauley 2014, Fuller and McCauley 2016, Sovacool et al. 

2016). Built environment development needs to contend with site-specific energy issues. Urban 

planners need to actively seek to understand and translate sustainable and equitable energy policy 

into built environment policy, building codes, building ownership models (e.g. alternatives to 

current strata titles) and project approval processes.  

While this study employed a national dataset, for Australia, it speaks to a familiar issue being 

experienced globally. What initially can start as a grassroots process, with a minority of early 

technology adopters, may not translate into a successful policy if the focus is only on scaling up 

the technology uptake (Hill and Connelly 2018). The adoption of PV technology and other 

technology to reduce energy consumption (and energy bills) is occurring across the world. Yet, 

simultaneously, built environment policy can be concerned more with fitting growing populations, 

rather than with the thermal efficiency, sustainable energy provision, affordability of energy and 

any other inequalities that can entrench disadvantage (Ottelin et al. 2015, Ye et al. 2015). Urban 

consolidation as a goal for urban planning is creating concern in terms of energy use and 

sustainability across many places worldwide (e.g. China (Ye et al. 2015), United States (Ewing 

and Hamidi 2015), Italy (Burgalassi and Luzzati 2015), Chile (Livert Aquino and Gainza 2014)). 
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But the distribution of availability, the energy needs in particular socio-cultural contexts and the 

way the distribution of availability is connected with the potential for further social and economic 

inequality to arise based on a lack of opportunity is a deeper policy and societal concern (Sarrica 

et al. 2016, Castán Broto and Baker 2018).  

Energy systems transitions are complex, “path dependent rather than revolutionary” and different 

segments of society will likely experience them differently (Sarrica et al. 2016, Sovacool 2016, 

p. 211). This study shows there is a relationship between built environment policy and energy 

policy in the outcomes of rooftop solar PV uptake. As the built environment is itself a product of 

past economic and urban planning policy, there is a risk of entrenchment of energy disadvantage 

through urban consolidation policy which may not be easily shifted away from. Future research 

could focus on policy outcomes for specific socio-demographic categories of consumers with a 

focus on disadvantaged groups (e.g. renters, apartment building dwellers, low income). 

While the PV technology harnesses a free abundant source of energy, underestimating challenges 

based on optimistic expectations of benefits can result in policy failures which amplify disparities 

(Sovacool and Brossmann 2014). Energy policy will need to be shaped in a manner that takes into 

account its effect in conjunction with other policy and its potential interaction with socio-

demographic aspects (Butler et al. 2018). Projects and policy to promote solar energy technology 

have had a honeymoon period due to expectations they will provide environmental and social 

benefits. The reality of policy making still needs to catch up with the reality of implementing 

these goals. Future built environment policy as well as electricity tariffs policy will need to be 

specific about how they ensure just outcomes and how they address criteria for energy equity. 

Considering this, the process of finding energy policy solutions to ensure availability of affordable 

renewable sources (such as PV technology) will have to be integrated with built environment 

policy.  
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6.6 Appendix: Supplementary Material – Data preparation notes 

6.6.1 General data preparation and processing notes 

The data is prepared and analysed using the Stata software, v. SE 13.1 and also the Geographical 

Information Systems (GIS) software package ArcGIS, v. 10.3. Additionally Microsoft Excel is 

also used for spreadsheet based calculations, data organisation and other basic operations. The 

Stata .do analysis file is supplied as Supplementary Material 2 and also contains the commands 

to re-create results presented in the tables in the main text. 

6.6.2 Australian states 

In the data preparation and processing, data is merged according to the original state from which 

it is collected. In order to be able to understand the references in the Stata analysis file, the Table 

6.A. 1 details the abbreviations used. The states are listed and coded in order of population size.  

Table 6.A. 1. Australian states and codes based on 2011 Australian Census. 

State (text code) State (numeric code) State Name 
NSW 1 New South Wales 
VIC 2 Victoria 
QLD 3 Queensland 
SA 4 South Australia 
WA 5 Western Australia 
TAS 6 Tasmania 
NT 7 Northern Territory 
ACT 8 Australian Capital Territory 
Other 9 Other Territories 

 

6.6.3 Installation of solar PV panels 

The dependent variable PV in the model uses data on the number of yearly installations of small-

scale PV systems (<10kW) used for residential energy generation purposes. The original set 

contains monthly data for installations across all postcodes in Australia over the period of 2001-

2015 (Australian Photovoltaic Institute/APVI Solar Map 2016). The data is of proprietary nature, 

but can be obtained by contacting the Australian Photovoltaic Institute, which is hosted by the 

University of New South Wales. 

6.6.4 Built environment data 

The BuiltEnv variable is a factor representative of the physical structure of the area where the 

installation of PVs occurred. The variable quantifies the density of the physical environment as 

the ratio of apartments18 to other form of housing in each postcode. To obtain the figures for the 

                                                           
18 A form of compact dwellings otherwise known as flats, units in the Australian context. 
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total number of apartments and for the total dwellings a tobit model is used as per Equations 1 

and 2. 

totdweli,t = α0 + α1 ∗ totdweli,t−5 + α2 ∗ bldhousesi,t +  α3 ∗ bldhousesi,t−5 + α4 ∗

bldotherresi,t−5  + α3 ∗ bldotherresi,t + α4 ∗ bldnonresi,t−5 + α5 ∗ bldnonresi,t +

 ∑ α6jDji,t
m
j=1  + εi,t                                                                                                            (1)   

apt i,t = α0 + α1 ∗ apti,t−5 + α2 ∗ bldhousesi,t + α3 ∗ bldhousesi,t−5 + α4 ∗

bldotherresi,t−5  + α3 ∗ bldotherresi,t + α4 ∗ bldnonresi,t−5 + α5 ∗ bldnonresi,t +

 ∑ α6jDji,t
m
j=1 + εi,t                                                                                                            (2)   

In Equation 1, the totdwel is the total number if dwellings sourced from Australian Census data 

containing total dwellings, irrespective of ownership status, in each Statistical Area 2 (SA2) i 

(Australian Bureau of Statistics 2011a)19 at time t. Similarly, in Equation 2, the apt is the total 

number of apartments sourced from the Australian Census data containing total dwellings 

categorised as apartments for each SA2 i at time t. The other regressors represent the number of 

dwellings under construction for each state by type of dwelling for each year throughout the 

period of 2001 – 2015 (Australian Bureau of Statistics 2016a). bldhousesi,t are the detached 

houses under construction, bldotherresi,t are any other residential dwellings under construction 

(except detached houses), bldnonresi,t are any other buildings under construction which is not 

purposed as a residential building. To account for the possibility of buildings under construction 

not being finalised or any past occurrence in the number of buildings under construction 

influencing current number of available residences, the equations include lag regressors for the 

residential and non-residential buildings under construction.  These lags are set to five years to 

match the years of data available for the Census (the data is collected every five years, in 2001, 

2006, 2011). The Dji,t represents the state and year dummy variables and εi,t is the error term. 

The model estimates from Equations 1 and 2 are calculated for the Census years available, namely 

2001, 2006 and 2011 (Australian Bureau of Statistics 2012b). As noted in the main text, the 

resulting model coefficients are used to estimate the values for years between the Census years 

and also to extrapolate beyond 2011 to 2015. To bring the dataset to the same spatial level as the 

solar photovoltaic installation data, the information on the number of dwellings by type is 

aggregated from the SA2 to postcode area using Geographic Information Systems (GIS) and 

                                                           
19 Unit of analysis is the Statistical Area 2 (SA2). This unit is defined based on a series of criteria including population 
(at an average of 10,000 persons) and functional ones by the Australian Bureau of Statistics. These analysis units do 
not necessarily coincide with postcodes. Postcodes are set by Australia Post to help with mail delivery and do not have 
a population criterion. In areas of high-density SA2s tend to cover a surface area smaller than a postcode. 
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Australian Bureau of Statistics (ABS) correspondence files (Australian Bureau of Statistics 

2012a). 

6.6.5 FiT policy data 

The coding of the variables FiTpremium and FiTminimum is based on the data included in the 

Supplementary Material 3 (Excel spreadsheet). The information at the base of this dataset is 

described elsewhere (Poruschi et al. 2018). The spreadsheet records the premium policy existence 

with 1 and absence with 0. The variables describing ‘premium’ policy existence are coded as 

‘state code’ + letter f. Also, to distinguish between states where a minimum has been regulated 

versus where it has not, variables for each state are coded with 1 for ‘regulated minimum’ being 

enforced and 0 for absence. Variables describing ‘regulated minimum’ policy existence are coded 

as: state + ‘regmin’. As noted in the main text, FiTpremium variable is a processed version from 

this basic set, which represents the percentage of a given year that the ‘premium’ FiT is offered 

in each of the postcode areas. The data for the feed-in tariffs in Australia is an original dataset 

compiled by the authors based on a series of government reports and websites of government 

agencies and other grey literature cited in the main text.  

6.6.6 Income data 

As noted in the main text, the variable Income is based on a time-series dataset derived from the 

Australian Census of Population and Housing where information is published according to 11 

income brackets (Australian Bureau of Statistics 2012b)20. The total estimate is composed from 

the individual estimates generated from 11 Ordinary Least Squares regressions, with one 

regression for each income bracket. Similarly to the built environment set, the data is aggregated 

to postcode level based on ABS concordance files with the help of a GIS environment (Australian 

Bureau of Statistics 2012a). The final set is provided as a spreadsheet (Supplementary Material 

4). The dataset and the key to the headings in the spreadsheet are listed in Table 6.A. 2. 

Table 6.A.2. Australian Census data descriptors 

Short Cell Descriptor Long Cell Descriptor 

C_TFI_N 2011_Census_Total_Family_income_Negative_Nil_income 
C_TFI_1_199 2011_Census_Total_Family_income_1_199 
C_TFI_200_399 2011_Census_Total_Family_income_200_399 
C_TFI_400_599 2011_Census_Total_Family_income_400_599 
C_TFI_600_799 2011_Census_Total_Family_income_600_799 
C_TFI_800_999 2011_Census_Total_Family_income_800_999 
C_TFI_1000_1499 2011_Census_Total_Family_income_1000_1499 

                                                           
20 The highest income bracket is an open-ended class. The open-ended class median is calculated based on the algorithm 
described by Parker and Fenwick (1983). 
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C_TFI_1500_1999 2011_Census_Total_Family_income_1500_1999 
C_TFI_2000_2499 2011_Census_Total_Family_income_2000_2499 
C_TFI_2500_2999 2011_Census_Total_Family_income_2500_2999 
C_TFI_3000_more 2011_Census_Total_Family_income_3000_or_more 
C_TFI_Ns 2011_Census_Total_Family_income_Not_stated 
C_T_T 2011_Census_Total_Total 
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7. Conclusion 
Australia, in common with most countries in the world, is faced with the prospect of transforming 

its energy supply mix from a mainly fossil fuels-reliant economy to an economy using an 

increasing ratio of renewable sources. The analysis undertaken in this thesis investigated the 

tensions between urban life, disadvantage, energy consumption and the transition to renewable 

energy for Australian households.  

As set out in the introduction and the literature review section (Chapters 1 and 2) this thesis has 

its foundations in energy justice. This work stems from and provides a contribution to three 

distinct strands of literature:  

(1) energy economics which studies topics related to the supply and use of energy in society, 

including regulation, use, taxation and subsidies for particular fuels, and connections to 

the environment and climate through a series of methods, including econometrics, 

simulation, surveys, optimization or equilibrium models (Bhattacharyya 2011); 

(2) urban planning, understood as land-use and built environment planning and their 

interaction with society (DeFilippis and Fainstein 2015); and 

(3) the literature on energy justice which draws on broader social justice concerns applied in 

the fields of energy generation, distribution and consumption (Sovacool et al. 2016).  

The following section, Section 7.1, presents the summary of findings from this thesis. Section 7.2 

discusses the contribution of the research to knowledge, Section 7.3 describes the limitations of 

the analysis, while Section 7.4 discusses the policy implications of this thesis. Opportunities for 

further research are explored in Section 7.5 and the thesis ends with Section 7.6 in which 

concluding comments envisage potential pathways towards solutions for global energy and fuel 

poverty governance. 
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7.1 Review of the findings 
The purpose of this thesis is to investigate the tensions between urban life, disadvantage, energy 

consumption, and the transition to renewable energy for Australian households. To begin with, 

Chapter 3 takes advantage of a nationally representative survey rich with information on actual 

reported energy consumption (rather than energy expenditure per se) and energy-related 

behaviours. Specifically, Chapter 3 investigates whether or not living in the capital city of an 

Australian state has a role to play in direct energy consumption and/or in uptake of energy saving 

behaviours. It finds capital city areas have a connection to direct energy use through both the use 

of solar energy and uptake of energy saving behaviours (part of the energy consumption 

processes). In this part of the analysis, capital city areas and living in apartments or in semi-

detached dwellings appear to be detrimental to availability of opportunities to shape one’s own 

energy consumption. Specifically, these factors are detrimental to reducing the total amount of 

energy used, to taking a higher number of energy saving actions, and also to the opportunity to 

access solar energy. Taking more energy saving actions can offset a considerable amount of 

energy use, comparable to using solar energy. While dwellers in detached houses use more direct 

energy than dwellers in other types of housing, the analysis finds that, provided a number of 

energy saving activities are undertaken, these activities can offset higher direct residential energy 

consumption. 

The chapter also delves further into aspects of disadvantage connected to being a ‘renter’. The 

analysis reveals that being a renter entails an inherent disadvantage that is materialised through 

significantly lower levels of access to solar electricity: renters are 77% less likely to have solar 

electricity and are also less likely to engage in energy saving actions. The chapter finds empirical 

evidence of the lack of availability of renewable energy for renters, with potential long-run 

implications for energy affordability. These findings highlight the possibility for renters in cities 

in the long run to suffer additional injustice in the form of an affordability gap: without adequate 

policy interventions they could be finding themselves more likely to suffer the brunt of energy 

grid maintenance costs and a consequently higher risk of becoming fuel poor.  

Chapter 4 connects the role of the urban built environment, expressed as higher density, to the 

creation of a form of energy-specific disadvantage, fuel poverty. The results show that residents 

in denser areas, moderated by low income, are found to be at increased risk of being in fuel 

poverty. This chapter is an exploration of the energy justice implications of urban consolidation 

in terms of the affordability principle being challenged through the existence of factors 

encouraging fuel poverty. The inquiry is carried out for the period 2007–2014 based on energy 

and socioeconomic data from HILDA, an Australian panel survey (Summerfield et al. 2015). The 

results also show that in conjunction with population density, low income and being a renter are 

further indicators of the presence of fuel poverty. Results show that population density was a good 
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proxy for the type of dwelling in which the household resides. Specifically, the effect of this form 

of socioeconomic disadvantage (low income), in conjunction with density, on the presence of fuel 

poverty is not different from the effect of disadvantage in conjunction with the type of dwelling 

used as residence (see Table 4.3). 

Chapter 5 adds to the findings from Chapters 3 and 4 through empirical evidence that energy 

policy may be accentuating affordability issues. Having feed-in tariff (FiT) policies in place 

corresponded with more disconnections from the grid. The findings highlight the importance of 

ensuring energy policy has equitable outcomes in terms of renewable energy options availability 

to households. The chapter summarises the different FiT policies throughout Australia used to 

promote installation of solar photovoltaics. FiT policies of Australian states and territories during 

the 2001 – 2015 period are reviewed. This work fills a gap in the literature with regard to the 

types of FiT policies, their duration and policy transformation. Clarification of these policies led 

to the creation of an original longitudinal dataset. This dataset can be used to study causal 

inferences about the efficacy of FiT policies and their relation with urban physical structure. This 

chapter also contributes to our understanding of the coevolution of: policies to subsidise solar 

panel installation, installation costs, and installation numbers. 

Chapter 6 harnesses the original longitudinal dataset created in the Chapter 5 to focus on the 

sources of energy consumed and factors enabling uptake of renewable energy by households. It 

evaluates the simultaneous impact of two types of policy on the increased availability of 

renewable energy technology: energy policy and built environment policy. More specifically, the 

chapter analyses FiT policy and densification of the built environment on the spread of installation 

of photovoltaic (PV) systems in Australia’s capital cities. The analysis finds that more compact 

urban built environments are less amenable to solar photovoltaic panel installation over both the 

short-run and the long-run. These findings underscore the need for energy policy to be better 

integrated with urban planning and built environment policies. They have ethical and justice 

implications with regard to the availability of energy generated from renewable sources in the 

long-run. 

Moreover, Chapter 6 results for the FiTs confirm the major role that this policy has played in the 

promotion of solar photovoltaic installations, both in the form of a ‘premium’ feed-in tariff (higher 

amounts) and the regulated minimum tariffs (introduced as a later replacement for ‘premium’ 

tariffs). The impact of the FiTs in both the short-run and the long-run appears to be sufficiently 

high to offset the densification effect, with a caveat that there is always a ‘saturation’ level of 

photovoltaic installations within any particular residential area. It seems from the results that 

higher income areas are more advantaged, however the level of significance is close to the 

threshold chosen for the study (α = 5%).  
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The figure included in the literature review chapter (Chapter 2) is updated here as Figure 7.1 to 

summarise connections uncovered in the analysis between the focus-elements belonging to the 

three strands of literature.  

 
Figure 7.1 Cross-cutting connections uncovered in the analysis 

Chapter 3 revealed that built environment in the form of higher density living has an effect on the 

total amount of energy consumed and on energy saving behaviours (connection 1). Specifically, 

living in city areas and living in more compact dwellings appear to be a deterrent to energy saving 

behaviours which in turn have the potential to offset a significant amount of energy use, almost 

equivalent to using solar energy. Hence the denser built environment is indirectly linked to the 

creation of socioeconomic disadvantage by reducing availability of opportunities to improve 

energy efficiency and reduce fossil fuel energy consumption, an energy unjust consequence 

(connections 1 and 3).  

Chapter 4 exposed the link between built environment and the creation of disadvantage in the 

form of an affordability issue. Specifically, a higher density built environment, moderated by 

financial disadvantage, is found to play a role in energy consumption expenditure (Figure 7.1, 

connection 2). This leads to the creation of further disadvantage and hence an energy injustice by 

increasing the chances of a household being in fuel poverty (connection 3). 

Chapter 5 finds another manifestation of possible energy injustice: energy policy in the form of 

feed-in tariffs is likely to have a connection with reduced affordability of energy costs, indicated 

by the relationship it has with the number of disconnections from the electricity grid (connection 

3). 



191 

Chapter 6 uncovers the impact of higher density living forms on shaping energy consumption 

through time, by impacting on the availability of renewable energy (connection 1). The analysis 

finds that more compact urban built environments are less amenable to solar photovoltaic panel 

installation, and this urban form impact is felt over both the short-run and the long-run. The 

findings put into perspective the potential for reduction of availability of opportunities for 

households to shape their energy consumption because of built environment policy and the 

potential for energy injustices to emerge and persist into the future.  

Based on these findings, the built environment is found to impact on the energy consumption 

processes of a household, either through changes in density or in conjunction with other 

disadvantage factors. This effect can influence the availability and affordability of energy for 

residential consumers. In other words, by contributing to the presence of energy-specific 

disadvantage and other forms of socioeconomic disadvantage, built environment can impact on 

energy consumption processes of a household, with the potential for further reverberations of this 

effect into the future. 

In summary, with regard to the central aim of the thesis, whether the built environment leads to 

the cultivation of energy justice in Australia, the analysis finds: (1) the built environment has an 

effect on elements of disadvantage through the processes of energy supply and energy 

consumption, in Chapters 3 and 6; (2) the built environment is a determinant of pro-environmental 

behaviours, in Chapter 3; (3) the built environment has an effect on energy consumption by 

playing a role in the creation or mitigation of forms of disadvantage, in Chapter 4.  
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7.2 Contribution to knowledge 
This research contributes to a growing body of analysis on energy justice in the context of urban 

areas undergoing urban consolidation and experiencing an increase in the amount of energy 

generated from renewables. This thesis investigates the tensions between urban living, 

disadvantage, energy consumption and the transition to renewable energy for Australian 

households. It researches whether living in compact cities and in compacter dwellings can and/or 

could provide energy-related benefits; in so doing it connects the urban consolidation debate to 

the energy justice and fuel poverty debate. In particular, the research considered availability and 

affordability as two key principles of energy justice.  

In all, the results presented here confirm the existence of connections between densification, 

disadvantage and energy consumption. From the perspective of energy justice, these research 

findings illustrate why it is necessary to consider built form, and particularly how urban density 

is achieved, to promote availability of renewable energy and affordability of energy. Specifically 

in terms affordability issues, the results show it is more of a challenge for dwellers in higher 

density urban areas on low incomes, and for those who are renters, to cover their energy 

consumption costs. In addition, renters are more disadvantaged, as renewable energy is 

significantly less available to them. Energy policy which supports the distribution of renewable 

energy, such as FiTs for solar photovoltaics, can exacerbate affordability issues by apparently 

encouraging more disconnections from the grid. Additionally, urban consolidation policy, 

manifested through increased density in the residential built environment, can detract from the 

effects of energy policy and reduce availability of renewable energy technology. Furthermore, 

research results highlight part of an injustice cycle in the Australian energy system, whereby the 

current form of denser built environments appears to constrain opportunities for households to 

shape their own energy consumption, and thus tends to lock disadvantage in for the future. In this 

sense, the thesis provides a new empirical contribution to the scientific literature, and contributes 

to the energy and urban planning policy debates in Australia and internationally. 

The analysis studies spatial and temporal dimensions, two underexplored dimensions of energy 

justice studies. Results provide evidence of short- and long-term contrasting outcomes of energy 

and urban consolidation policy. The work achieves its goals by bringing together spatially 

referenced large-scale surveys which enable representative findings over socio-demographic 

groups. 

The thesis also contributes to science through producing a new dataset with historical FiT policy 

information covering the period of 2008-2016 (Poruschi et al. 2018, Poruschi and Ambrey 2019). 

The dataset is spatially detailed: it distinguishes between major metropolitan versus regional areas 

in Australia.  
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7.3 Limitations of the thesis 
A series of challenges have limited the findings of the thesis. These limitations pertain in general 

to the spatial and temporal dimensions and resolution of the available data. Firstly, measures of 

the density of the urban environment had to be restricted to available data, and in the best case it 

has been possible to estimate density for a number of years, in order to build a longitudinal dataset. 

Ideally, further information would have been available to be able to distinguish the effect of 

additional factors over time. For example in chapter 4, information on whether and when dwelling 

renovations occurred for each household would allow the analysis to find how their occurrence 

might impact on the likelihood of being fuel poor. Next, for maintaining confidentiality, the 

Household Energy Consumption Survey used in Chapter 4 did not allow access to data at a finer 

grain of spatial detail beyond capital city area (e.g. suburbs, statistical area level 1). Additionally, 

as a measure of wealth, Chapter 6 analysing the installation over time of PV systems, had to resort 

to income, as reliable estimates for other measures of advantage or disadvantage at the spatial 

scale of the analysis (postcode area) were not available. Despite these limitations, the analysis 

uncovers significant connections between the built environment and energy consumption, energy-

specific disadvantage and the transition to renewable energy technology for Australian 

households. 
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7.4 Policy implications 
A set of key energy policy-relevant implications of this research are explored in connection to the 

two main factors this thesis addresses: the built environment and socioeconomic disadvantage. 

Missing out on the opportunity to install solar PV systems early on can translate into further 

disadvantage by preventing generation of an income from selling electricity back to the grid. 

Findings from this thesis show that renters are 77% less likely to have solar electricity. This 

opportunity cost can be quite significant when taking into account that beneficiaries of high FiTs 

are also more incentivised to install batteries and maximise the electricity fed back into the grid 

(Ren et al. 2016). If projections showing a continuous rise in the retail price of electricity are 

realised (under several combinations of peak demand management and carbon price values) 

(Graham et al. 2015), then fuel poverty and prolonged disadvantage concerns will likely increase. 

As government subsidies to cover extra energy expenditures can lead to a rebound in consumption 

(Rehdanz and Stöwhase 2008), the solution should rely on a mix of policies which address both 

energy efficiency and socioeconomic factors. Better locally suited efficiency policies are likely 

to be necessary, and will have to be stable and consistent over the long-term, perhaps taking the 

form of lower taxes or other forms of subsidies (Tambach et al. 2010).  

Financial inequality, which can lead over time to spatial segregation and further disadvantage, 

has implications on households in terms of urban form and energy budgets. Financially 

disadvantaged households in denser areas are more likely to be in fuel poverty (Chapter 4); if they 

also happen to be renters they are additionally less likely to engage in more energy saving 

behaviours (Chapter 3) and thus have lower access to renewable energy (Chapters 3, 6). The 

likelihood of these disadvantageous outcomes arising increases further if, additionally, they live 

in high-density dwellings or in areas with increasing ratios of apartments (Chapters 3, 6).  

The series of results from this research project paint a picture of compounding disadvantage for 

households who would benefit the most from controlling their energy consumption and bills. This 

form of disadvantage needs to be acknowledged and addressed alongside other policy challenges 

when incentivising the spread of renewable energy (Byrnes et al. 2013). Acknowledging this 

disparity in opportunity is all the more important as poverty and disadvantage do not only operate 

in the financial-economic spheres to deter action towards energy saving, but may also have 

negative influences on other motivations to take action towards energy saving, self-reliance and 

more broadly towards addressing climate change (Abrahamse and Steg 2009, Clayton et al. 2015, 

Bain et al. 2016). 

To promote changes in energy use and pro-environmental behaviour both psychological and 

structural strategies need to be addressed (Steg 2008, Perlaviciute and Steg 2014, Steg et al. 2015). 
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Chapter 3 showed that living in a capital city area as well as living in apartments or semi-detached 

dwellings is disadvantageous to taking a series of actions to save energy. In order to promote low 

or no financial cost energy saving measures for more disadvantaged groups, strategies to motivate 

and empower them towards pro-environmental values should be designed. Although even small 

financial incentives can work (Fujii et al. 2001, Steg 2016), they may have damaging effects on 

action actually being taken by changing expectations (Schwartz et al. 2015). Offering public 

social rewards such as public praise can be more efficient (Handgraaf et al. 2013). In addition, 

beyond financial rewards, promoting action on intrinsic motivation has been shown to have 

positive psychological benefits and also be more efficient, across all income levels (Poortinga et 

al. 2003, Bolderdijk et al. 2013, Taufik et al. 2015). 

This thesis provides empirical evidence to the concerns regarding the juxtaposition of the changes 

in the energy system implied in the process of urban consolidation (e.g. smaller dwellings and lot 

sizes) versus the need for change in the same energy system to reduce GHG emissions through 

introduction of renewable energy sources (cf. Quezada et al. 2014). It offers a status-quo analysis 

of energy policy–built environment–disadvantage connections in urban Australia. It finds there is 

a tendency for cities’ current urban form to mitigate against lower energy consumption (chapter 

3), mitigate against taking more energy saving actions (chapter 3) and reduce (solar) renewable 

energy installations (chapter 3). At the same time while a detached dwelling lifestyle leads to 

higher energy consumption, it also increases the chances of having solar power and taking more 

energy saving actions (chapter 3). Furthermore, over time, policies of urban consolidation detract 

from the effect of policies meant to support renewable energy dispersion (i.e. feed-in tariffs) 

(chapter 6). Higher density is shown to amplify the influence of financial disadvantage on the 

likelihood that households will experience fuel poverty (chapter 4). However, findings in the 

thesis also show that when compared against detached buildings, two or three storey unit blocks 

are less likely to house people in fuel poverty, while for semi-detached, low- or high-rise 

apartment blocks there is no significant difference (chapter 4).  

Suburbia and medium-rise buildings appear to have a role to play in increasing access to 

renewable energy, achieving better energy efficiency and mitigating the risk of fuel poverty. The 

results of this thesis highlight that a policy approach to land-use planning and urban design which 

better accounts for connections between the energy system and urban form is necessary (Owens 

1986, Holden and Norland 2005, Lehmann 2008, Dodson 2012, Global Energy Assessment 

2012).  At the same time policy needs to take into account other functions of just cities, 

employment access through decentralisation, public transport accessibility and efficiency increase 

and provision of secure and affordable housing (Randolph 2006, Lehmann 2008, Fainstein 2010, 

Dodson 2012). 
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In summary, this thesis makes the following recommendations for energy and built environment 

policy solutions to: 

• address both energy efficiency and socioeconomic factors;  

• better fit their local context; 

• recognise the disparity in opportunity for disadvantaged groups can extend beyond one 

single factor and hence take suitable and (if needed) multiple forms; 

• address disparity in opportunity early; 

• develop strategies to motivate and empower disadvantaged groups to save energy or take 

pro-environmental actions; 

• align higher density oriented planning with energy goals. 

  



197 

7.5 Opportunities for further research 
This research highlights several key areas of research worthy of further investigation. 

The implication of benefiting from feed-in tariffs is that households might be incentivised to use 

further related technology: it is possible that households continuing to receive ‘premium’ FiTs for 

several more years, will have an incentive to install solar batteries and supply additional electricity 

to the grid (Ren et al. 2016). Further research employing the feed-in tariffs dataset produced in 

this thesis could analyse whether there is a difference in uptake in solar panels and battery system 

size, energy saving measures taken and other energy consumption differences as well as 

expenditure on energy between homes entitled to ‘premium’ versus the homes receiving the 

regulated minimum level FiTs.  

Uptake equity and welfare implications of renewable energy policy for grid-dependent consumers 

are just starting to be explored. Datasets capturing energy policy, like the feed-in tariffs dataset 

compiled in this thesis can help with the analysis of the policy outcomes. Further contributing to 

the body of science on the unintended outcomes of energy policy, chapter 5 employs the feed-in 

tariff dataset in analysis which revealed that more disconnections from the grid are happening 

while accounting for other potential confounding factors. The potential for energy self-sufficient 

households to disconnect from the grid is under-explored (Nelson et al. 2012).  

Further research is also required to explore how to provide access to financial savings and stable 

renewable energy sources for disadvantaged households. Analysis should focus on the provision 

of thermal benefits for socioeconomically disadvantaged households through access to renewable 

energy and how that may impact on other aspects of their lives (e.g. education, work and family 

life). One particular topic for further exploration as data becomes available for Australia and 

elsewhere is to examine how generating their own energy via renewable technology can change 

the lives of those living in fuel poverty. 

Additional evidence is needed to inform alternative forms of city design and land-use planning 

policy. A systematic program of research is required to carefully evaluate the energy benefits of 

different urban forms. This will require a significant research effort and meticulous attention to 

research design is essential. Densification of the Australian city to medium-density living may be 

useful to enhance energy efficiency (Global Energy Assessment 2012), but the benefits may 

depend upon finding a balance between increasing land-use intensity, dwelling compactness and 

the density of processes beyond which the negative energy impacts of agglomeration or 

compactness manifest themselves (Ewing 1997, Dodson 2012, Ferrao and Fernandez 2013). 

Further research is needed to understand the local connections between a series of these factors 

in order to be able to produce normative outcomes. These normative outcomes should focus on 
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Further research is needed to understand the local connections between a series of these factors 

in order to be able to produce normative outcomes. These normative outcomes should focus on 

defining targets, quantifying amounts of renewable energy needed or minimum energy 

consumption to translate societal and equity values into tangible targets (Sgouridis and Csala 

2014). The decision of the Intergovernmental Panel on Climate Change (IPCC) 6th Assessment 

Report (AR6) to move beyond summarising the science of climate and climate change, towards 

an added emphasis on cities and delivering policies effectively for policymakers attests to the 

growing understanding of the need for these locally tailored approaches (Lee 2016). 

Furthermore, future research needs to be more interdisciplinary, or at least bring together topics 

which traditionally are analysed separately. For example, more studies need to juxtapose the 

outcomes of different types of policies in society, such as the implications of energy policy (e.g. 

FiTs) versus built environment policy, i.e. research similar to research undertaken in chapter 6. 

Future econometric and qualitative work needs to keep uncovering some of the indirect links 

between city living physical factors (such as forms of built environment), sociodemographic 

factors, behaviour and their implications on energy consumption, and the likelihood to suffer from 

energy poverty and other energy injustices. 
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7.6 Concluding comments 

Agreement on which set of energy justice principles and factors should be addressed in order to 

eliminate energy deprivation would be an ideal next step for Australia and globally. Governance 

on energy so far is considered to be quite weak and the definition of ‘just’ outcomes could be 

“determined by power struggles” (Newell and Mulvaney 2013). Energy governance systems have 

not, and are not, sufficient to ensure that energy justice is served. Weak governance on energy 

issues can risk an ineffective process of governance. Extrapolating to a global level, weak 

governance on energy issues threaten the future of human prosperity (International Energy 

Agency 2008, Florini and Sovacool 2009, Newell and Mulvaney 2013). 

Achieving just energy systems and governing these is inherently difficult as these systems are a 

mix of physical environment, technology and economic relations juxtaposed with power 

struggles, social movements and ethical concerns (Sovacool et al. 2016). There is a clear challenge 

in terms of supporting the robustness of the system and ensuring security of energy supply where 

an environmental norm also needs to be supported (Haines and McConnell 2016). The adoption 

of renewable energy technology is not only a technological transition process, it is also a complex 

social process mediated by factors such as the physical characteristics of the built environment, 

to be addressed at the local level and which carries global scale implications. By pursuing stable 

and fair policies to increase access to renewable energy, it should be possible to avoid 

compounding energy consumption and socioeconomic disadvantage risk for households and 

include a concept of fairness in the returns pursued by the energy sector (Myers 1972, Kihm 2009, 

Steinberger et al. 2009, Bergman and Eyre 2011, Darby 2012, Ross et al. 2012). 

Breaking down the broader task of finding and implementing solutions to energy or fuel poverty 

into targets and actions at the local level can allow national and local (metropolitan, regional) 

policymakers to better envisage solutions. Aside from national conflicting interests, part of the 

cause of weak global energy governance is the lack of a direct link between policymakers and the 

actual resources and systems they govern (Newell and Mulvaney 2013). Local levels of 

government (at either city level or broader urban, metropolitan, regional levels) may be less likely 

to suffer from institutional inertia as they can be closer and hence more accountable to their 

constituency. It may be that this level of government is less path-dependent and more open to 

change and to collaborate with other levels of government (Jones 2009, Evans et al. 2015). 

Bringing government institutions and the governed closer can further energy justice coals by 

enabling the pursuit of procedural justice and promote distributional justice. In fact, local scale 

action has been shown to directly or indirectly influence many of the factors that determine energy 

consumption or greenhouse gas emissions and thus implicitly contribute to achieving climate 
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change goals and global sustainability (Kates et al. 1998, Hunt 2004, Bulkeley and Betsill 2005, 

Bai et al. 2010). 

This lends substance to the need for what traditionally has not been imagined as part of a global 

system of energy governance: urban (metropolitan) and regional based energy governance. The 

empirical evidence of linkages between urban consolidation policy, energy policy and justice 

considerations found in this thesis ultimately support the proposition for more effective and 

equitable implementation of additional carbon neutral energy processes at the city level. Part of 

how this can be achieved is by aligning higher density oriented planning with energy goals and 

through developing strategies to motivate and empower disadvantaged groups to save energy, 

make renewable options available and affordable to them and enable them to take pro-

environmental actions. 
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Candidates should endeavour to publish their research in high 
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Some Groups or Elements may specify additional requirements 
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Arts, Education and Law 

Griffith Business School (PDF 214k) 
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Griffith Sciences (PDF 271k) 
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Consult the thesis preparation and formatting guidelines for 
general information about the requirements for formatting the 
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Structure of Thesis and linking Chapters 
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Format of papers 
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declarations must be signed by the corresponding author (where 
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Responsible Conduct of Research. 
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will be well received by the thesis examiners. The inclusion of 
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examiner to establish the independence and originality of the 
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Theses that include papers are subject to the same examination 
criteria as theses submitted in the traditional format. It should 
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thesis does not prevent an examiner from requesting 
amendments to that material. 

Candidates should discuss the suitability of this thesis format for 
examination with their supervisor(s). 
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It is the responsibility of the principal supervisor to nominate 
thesis examiners, and the process dictates that the principal 
supervisor must approach all nominees to determine their 
willingness to examine. Where a candidate’s thesis is formatted 
to include papers, the principal supervisor must also ensure that 
the examiners are familiar with and/or accepting of, this thesis 
format. 

Upon dispatch of a candidate’s thesis to an examiner, the 
examiner will be reminded that the thesis has been formatted to 
include papers. The examiner will also be provided with the 
relevant information and regulations regarding this thesis format. 
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