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Abstract: Two disruptive developments are happening in the private transport propulsion and power 
generation area. Electric vehicles (EVs) are poised to replace an increasing share of traditional ICE 
(internal combustion engine) vehicles. Meanwhile, photovoltaic (PV) solar panels are also entering into 
the power generation scene as a promising renewable source of energy. Both technologies are 
encouraged by recent reduced costs, a global concerted effort to cut carbon emissions and to wean 
ourselves off reliance on fossil fuels. While EVs and PVs can meet these environmental and economic 
goals, the social aspect of electrifying private transport is under-explored. EVs are often marketed as 
niche vehicles with a higher price tag, which can increase the equity disparity in terms of fuel efficiency 
and resilience across socio-economic lines. This paper aims to explore Australia’s socio-spatial pattern of 
EVs and PVs and to propose a framework for further socio-spatial analysis. As electrified private transport 
becomes more widespread, equity impacts of EVs on transport remain uncertain and warrant further 
study. For the case of Australia, we suggest that electrification in private transport should be coordinated 
with other policies, such as renewable energy (especially roof-top solar), ride-sharing, and charging 
infrastructure to maximise benefits. The lower price tag of e-scooters or e-bikes might also offer an 
affordable alternative for those who cannot afford full-sized EVs. In Australian cities there is little policy to 
guide this promising change in urban transport. 
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1. The come-back of electric vehicles and their sustainable transport potential 
 
Electric vehicles (EVs) emerged in the early 1800s but application for automobiles were limited due to 
infrastructure and cost concerns. Petroleum fuels became the choice for personal mobility from the 1920s 
onwards, with low costs allowing automobile-dependent human settlements (Newman & Kenworthy 
2015). These transport/land use arrangements are today contributing to global climate change, air 
pollution and oil vulnerability (Leung et al. 2017). Electrification of vehicles aids local air quality (Li et al. 
2016; Hooftman et al. 2016) and noise (Sheng, Zhou & Zhou 2016). But to be more sustainable, EVs 
need to draw on renewable energy sources and not carbon intensive fossil fuels. This may be a solution 
for transport oil dependence and to reduce carbon emissions (Gilbert & Perl 2012; Stein 2013). However, 
the fossil fuel replacement and air pollution abatement benefits of EVs could be limited if electricity 
remains generated by fossil fuels (Yu & Stuart 2017; Hawkins, Gausen & Strømman 2012). EVs can be 
used as a storage device to tap in, and balance, the load of intermittent supply in renewable power, such 
as solar and wind (Richardson 2013), offering synergy effects. Further EV-renewables interaction is being 
theorised and developed, with concepts such as vehicle-to-grid (V2G), in which bi-directional power 
controllers allow EV batteries as storage for unstable renewable energy and load balancing (Sovacool & 
Hirsh 2009; Went, Newman & James 2008; Andersen, Mathews & Rask 2009; Mwasilu et al. 2014). The 
role of EVs in a smart grid is also increasingly recognised (Galus et al. 2013) but this would require new 
thinking in urban energy management and planning (Calvillo, Sánchez-Miralles & Villar 2016) complicated 
in Australia due to the abundance of sunshine (Ustun, Zayegh & Ozansoy 2013). In summary, there is 
considerable potential for a new EV-renewable power socio-technical regime that may replace the 
currently unsustainable internal combustion engine (ICE) petroleum regime, but significant barriers, risks 
and uncertainty remains for such change (Nilsson & Nykvist 2016; Kerdlap & Gheewala 2016).  As 
renewables are yet to play a dominant role in power generation to the electricity grid, especially in 
Australia, power generated from roof-top solar panels may simply off-set conventional fossil fuel use and 
lower the cost of EV ownership. 
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Only recently, EVs started to gain a small foothold in the car market in many countries, largely thanks to 
improved battery technology (energy density), lowered battery prices (Electric Vehicles Initiative 2013; 
Nykvist & Nilsson 2015a), the release of attractive premium EV models (e.g. Tesla Model S) and the view 
that EVs are more environmentally sustainable. Previous EV attempts were hampered by cost, charging 
issues, range anxiety and lack of consumer acceptance (Dijk, Wells & Kemp 2016). Personal EV growth 
has been on the rise around the world, assisted by government incentives. For Australia, however,  
electric vehicle adaptation is comparatively slow, as shown in Table 1. The lack of a national policy 
framework in Australia has led to limited overall support and incentives and, in turn, a comparatively low 
EV uptake in comparison to other countries (ClimateWorks 2016). 
 

Table 1: Worldwide Comparison of Electric Vehicle Registration (2015) 
Country Cumulative EV 

Registrations Population (million) EV Registration per 
million people 

Norway 84,401 5 16,880 
Netherlands 88,991 17 5,235 
California 191,650 39 4,914 
USA 410,000 320 1,281 
China 444,447 1382 322 
Australia 3000 24 126 
Source: Compiled by Australian Electric Vehicle Association 
 
Australia’s EV sales have seen modest increases since 2011 but this stagnated in 2014. Early purchases 
in 2010 were largely non-private fleets (Figure 1).  A positive sign is that recent EV growth is fuelled more 
by private ownership. 
 

 
 

Figure 1: Electric vehicle sales in Australia from 2010 to 2014 
(Source: VFACTS) 

 
 

2. The global solar-PV boom and potential for EV synergies 
 
PV growth, on the other hand has increased at a much higher rate than EVs since 2010 (Figure 2). As 
shown in Figure 3, Australia is one of the top-10 nations for PVs, with approximately 4% share of solar 
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power in total power generation (International Energy Agency 2016). This is possibly due to favourable 
sunlight conditions, increasing electricity prices, feed-in tariffs and falling solar panel costs. Despite the 
lack of carbon pricing, Australia’s solar (PV) capacity per capita is relatively high and is ahead of the USA, 
but this still does not match certain countries with less solar potential (sunshine hours and land 
availability), such as Germany and Japan (Table 2) 
 

 
Figure 2: Australian PV installations since 2001 by kW 

Source: Australian Photovoltaic Institute  
 

 
Figure 3: Solar PV capacity share in national electricity demand in 2016 

Source: International Energy Agency, Snapshot of Global Photovoltaic Markets - IEA PVPS 
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Table 2: Worldwide Comparison of Photovoltaic (PV) Capacity (2014) 
Country Total PV Capacity 

(Megawatts) Population (million) PV Capacity  
(Watts per person) 

Germany 38250 81 473 
Italy 18622 61 305 
Japan 23409 127 184 
Australia 4130 24 176 
USA 18317 319 57 
China 28330 1364 21 
Norway 13 5 3 
Source: IEA PVPS National Survey Reports. 
 
Using PVs to power EVs has some inherent advantages. EVs can charge in daytime with maximum 
sunlight (Riesz et al. 2016) promote localisation of electricity power systems (Adil & Ko 2016) and act as 
grid-stabilising storage (Green & Newman 2017). Solar and EV development may also help foster future 
infrastructure for hydrogen fuel cells, as a different way to store energy for vehicles (Offer et al. 2010). 
Despite these opportunities, EV impacts on power grid loads are also recognised to be a possible issue 
(Järvinen, Orton & Nelson 2012). 
 
In light of these disruptive trends in mobility and energy, it is helpful to explore the uptake and socio-
spatial patterning of EV and PV development, and their interaction. However, there is a limited 
geographical understanding of the socio-spatial distribution of EVs and PVs, especially in the Australian 
context. This paper aims to explore the socio-spatial pattern of EV and PV ownership density in 
Australian suburbs or localities and to propose a socio-spatial framework for further analysis. Section 1 
and 2 provided an overview of EVs and PVs, and the rationale of their expansion. Section 3 provides a 
brief literature review of the studies pertaining to EVs and PVs development, globally and in Australia. 
Section 4 outlines the research approach and methods. Sections 5 and 6 present the results of inter-city 
analysis and spatial mapping, respectively. Section 7 provides a close-up view of postcodes with the 
highest EV density in the cities studied. Section 8 concludes the paper, identifying the limitations and 
knowledge gaps that might inform future research endeavours. 
 
3. EV-PV interaction studies – a short review 
 
This section provides a short review of EV-PV interaction studies drawn from published articles in 
engineering, planning and renewable energy studies. EV-PV grid integration is seen as one of the 
important components for future EV growth, alongside widespread recharging infrastructure, shared 
vehicle ownership (rideshare or carshare), fuel price increase, and, more stringent climate change 
policies (Dijk, Orsato & Kemp 2013). The recent “come-back” of EVs has generated increased research 
interest in the study of EVs as a potential sustainable vehicle propulsion technology. A great deal of 
recent research focuses on the engineering and technological aspect, whilst the research on the 
institutional spatial planning practice of EVs are comparatively under-researched (Antonson & Carlson 
2017).  
 
Technologically, battery-powered EVs (or BEVs) are generally deemed the most suitable in urban areas, 
followed by Plug-in Hybrid EVs (PHEVs) and Hybrid EVs (HEVs), which are more suitable for suburban or 
regional settings. In remote areas, ICEs are most suited due to a lack of electricity supply and long 
distance trip requirements. An Hawaiian study on EV and PV integration suggests the benefits of BEVs 
are greater than PHEV due to better integration with solar and lower environmental impacts (Coffman, 
Bernstein & Wee 2017). In an Australian study, the potential uptake of EVs are theorised to be more 
favourable in urban areas due to shorter range to suit EV’s limitations (Higgins et al. 2012). However, this 
is complicated in that urban areas already have lower car ownership with established public transport 
infrastructure and active transport opportunities (Newman et al. 2014).  
 
Another main domain of study is EV adoption intention (Rezvani, Jansson & Bodin 2015). A number of 
studies found EV adoption tendency is based on individual values and attitudes, which are strongly 
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influenced by income and education, and which differ across demographic groups (Afroz et al. 2015; 
Egbue & Long 2012). Australian (Paevere et al. 2014) and British (Barton et al. 2013) studies have 
modelled these possible negative impacts during peak load, however, data limitations on household and 
EV energy use data remains a problem. Despite current low EV numbers, the potential increase in EVs 
might pose a real threat to grid-load stability of electricity transmission and generation. This 
uncoordinated power consumption of EVs in greater numbers  on a local scale can lead to grid problems  
(Clement-Nyns, Haesen & Driesen 2010). Currently, public charger awareness is not a strong predictor of 
EV interest due to the availability of charging at home (Bailey, Miele & Axsen 2015). 
 
There is a multitude of possible charging scenarios that might help alleviate the problem, such as 
‘delayed’, ‘off-peak’ (e.g.: charge at home during night) or ‘continuous’ charging. The latter is the most 
expensive to implement as it requires induction charging via roadways. These scenarios may however, 
coordinate with renewable energy generation, such as wind and solar. EVs as battery storage has been 
theorised since at least the 1990s (Kempton & Letendre 1997). More recent literature suggests EVs as 
storage devices can help solve the issue of excess renewable generation, but much focus has been 
placed on wind-EV grid interactions, rather than PV-EV interactions (Richardson 2013). Wind generation 
had an edge over solar due to lower cost of installation in large scale (Hirth 2013). However, solar has the 
advantage of providing more stable day-time power supply and being easier to install in urban areas, 
reducing transmission loss. Solar charging at workplaces may also offer charging times (Nunes, Farias & 
Brito 2015). Low-density suburbia, as found in Australia, appears to offer high solar potential for PVs 
(Byrd et al. 2013). There might also be opportunities within the freight transportation market that EVs, 
charged by PVs at the workplace, can provide. But freight tends to receive less policy and academic 
research attention (Taefi et al. 2016).  
 
But there may be multiple spatial mismatches of EV and PV optimal locations that will limit such 
possibilities. Research on the location of EVs and PVs may help fill the gap of knowledge in this area. 
Subnational/provincial comparison of charging infrastructure, has been studied in China (Du & Ouyang 
2017) and the USA (Diamond 2009) but not necessarily always with urban-level spatial resolution. In 
general, vehicle type ownership is spatially correlated with socio-economic patterns (Adjemian, Cynthia 
Lin & Williams 2010). Urban level analyses of EVs and PVs are emerging, with methods such as spatial 
clustering analysis by GIS (Dimatulac & Maoh 2017) or spatial count modelling (Chen, Wang & 
Kockelman 2015). For Australia, it appears no EV-PV spatial analysis has been conducted, only EV-
potential analysis. Research on a spatial context would be timely and useful, and this paper aims to fill 
this research and knowledge gap. 
 
 
4. Approach and Methods 
 
This paper proposes a socio-spatial research framework to explore EV-PV synergies in the Australian 
urban context. We are still of the opinion urban areas are most suitable for EV-PV development in 
Australia, due to most transport activities being situated in major cities. Urban areas also provide many 
advantages to overcome the initial hurdle of EV-PV synergetic charging infrastructure rollout (the 
‘chicken-and-egg’ problem as mentioned by Turnheim et al. (2015) and to help address range anxiety, 
consumer adoption and sustainability concerns.  
 
This paper is a descriptive aggregated and spatially disaggregated (at postcode level) overview of the 
current numbers and spatial distribution of EVs and PVs in Australian State and Territory capitals. The 
locations selected were the national capital, Canberra, and the six state capital cities (Hobart, Perth, 
Adelaide, Melbourne, Sydney and Brisbane). These cover the majority of the Australian population and 
many of Australia’s climatic zones. Further information on the data sources is provided in Table 3. 
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Table 3: Data sources for variables used 
Provider Data Source Variable Remarks/Reference 

Australian Bureau of 
Statistics (ABS) 

Motor Vehicle Survey 
2015 

Vehicles registered by fuel 
type 

- Electric (Full) 
- Total 

Postcode-level data 
aggregated into 
GCCSA 

Compiled by the Australian 
Photovoltaic Institute 

(APVI) 
Original data from the 
Australian Renewable 

Energy Agency (AREA)  

Photovoltaic (PV) 
Installations Mapping data 
2016 March (Data are 
lagged for 12 months) 

PV installation density and 
capacity 

Postcode-level data 
aggregated into 
GCCSA 

Australian Bureau of 
Statistics (ABS) Census 2011 

Usual Resident Population 
(persons)  

Median Total Household 
Income  

Plugshare.com Crowd-sourced data, 
2016 May 

Locations and counts for 
EV charging points  

 
Electric vehicles registration data was obtained from the ABS Motor Vehicle Survey 2014 as this is the 
latest data available (2016 postcode data are still pending release from the ABS). The survey data is 
provided by the ABS at postcode level, which is similar to SA2 most of the time, and is not available at 
more fine-grained spatial resolution (e.g. SA1). The temporal mismatch of the vehicle survey data and 
Plugshare charging data with the 2011 ABS census could not be avoided, despite the very recent release 
of the first 2016 census figures at the time of writing. The EV and PV density values of each postcode are 
mapped in ArcGIS software to explore where electric vehicles are being registered, compared to 
population density, income and EV charging locations. 
 
5. Inter-city comparisons 
 
The key EV and PV descriptive statistics of the selected Australian capital cities is presented in Table 4. It 
shows Canberra has relatively high levels of EV ownership (4.16 per 1000 persons) while other cities 
were all still under 1 EV per 1,000 persons. Brisbane is the worst performer (0.06 per 1,000 persons). 
 

Table 4: Descriptive statistics and oil vulnerability data of Australian capital cities 
  Sydney Melbourne Brisbane Adelaide Perth Hobart Canberra 
Usual Resident Population 
(persons) 

4,391,674 
[1] 

3,999,981 
[2] 

2,065,998 
[3] 

1,225,235 
[5] 

1,728,865 
[4] 

211,656 
[7] 

356,586 
[6] 

Population-Weighted Density 
(persons/km) 

34.40 
[1] 

24.90 
[2] 

18.10 
[4] 

18.20 
[3] 

17.60 
[5] 

12.00 
[7] 

15.70 
[6] 

Electric vehicle registered 
(per 1000 persons) 

0.12 
[6] 

0.39 
[3] 

0.06 
[7] 

0.13 
[5] 

0.29 
[4] 

0.61 
[2] 

4.16 
[1] 

Electric vehicle charging 
points (per 1 million persons) 

7.51 
[6] 

10.00 
[4] 

7.74 
[5] 

4.08 
[7] 

31.81 
[1] 

23.62 
[2] 

16.83 
[3] 

Solar panel installation 
density (per 100 dwellings) 

8.55 
[7] 

10.76 
[5] 

28.26 
[1] 

25.63 
[2] 

22.41 
[3] 

10.29 
[6] 

11.97 
[4] 

Solar panel installation 
capacity (kW per capita) 

96.00 
[7] 

133.15 
[6] 

348.58 
[2] 

360.63 
[1] 

253.81 
[3] 

148.06 
[5] 

158.25 
[4] 

(brackets [ ] denote the ranking of the selected cities) 
 
EV ownership at city level does not appear to correspond well with the availability of charging points. 
Perth has the highest EV charging point provision (30.6 per 1 million persons, 56 charging points within 
the Perth GCCSA area) with a number of initiatives in charger provision by the motoring association and 
universities since 2012 (Speidel et al., 2012). Yet the EV ownership of Perth in 2015 remains modest 
(0.29 per 1000 persons). As EV vehicles are still novel and are significantly more expensive, perhaps only 
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those with higher incomes can afford them. Yet it should be noted that Canberra’s high EV number might 
have been benefited from several favourable factors, such as lower power costs (Franklin 2016), 
governmental fleet EV acquisitions (ACT Department of Environment and Sustainable Development 
2012) or trials (State Government of Victoria 2013). 
 
Solar panel registration data are obtained from the Australian Government clean energy regulator, the 
Australian Renewable Energy Agency (AREA), and shows Brisbane and Adelaide have the highest 
uptake of rooftop panels in terms of both dwelling density and capacity. Brisbane’s high uptake could be 
associated with long sun availability and policy initiatives; Adelaide has benefited by South Australian 
government’s favourable feed-in tariffs being able to offset costs of installation. City-wide comparison with 
aggregated data shows the overall picture of the city, but it does not show socio-spatial distribution.  
 
6. Spatial mapping of EV-PV mismatch 
 
The hotspots of EV and solar panel locations are mapped at postcode level in this section. Due to space 
limitations only selected results are provided. We present a set of maps (Figures 4 to 8) showing the 
geographical distribution of EV and PV of the cities studied, measured by their respective densities at 
postcode level. Spatial distribution of EV and PV maps are all made with the same scale and are 
comparable across cities. White areas show a complete absence of EV/PV within these postcodes. The 
spatial patterning is also compared alongside public/shared charging points data obtained from 
plugshare.com, represented as black circles on the maps. 
 
Due to limited data on EV movements across all major cities, we are not able to draw clear conclusions 
from EV-PV-charging point location. Nevertheless, a similar pattern is seen across the studied cities – EV 
rich areas do not correspond with PV rich areas. From overall spatial comparisons, postcodes with higher 
EV registrations are more likely to be closer to the inner city, and are not located in areas with higher 
prevalence of solar panels (usually outer suburbs). For city-specific observations, Canberra is clearly the 
“EV” capital of Australia, but might be due to higher incomes and stronger government policy to promote 
EV use. Most other capital cities show large swathes of area with no EV at all. While Brisbane performed 
the worst in EV registrations, its solar panel uptake is actually the best, followed by Adelaide, Perth and 
Melbourne. Sydney has surprisingly low EV and solar uptake when compared with the other major cities. 
Yet, there are a number of anomalous data points that emerged in the dataset. It may well be that the 
very high relative proportion of EVs per 1,000 head of population in locations such as industrial areas with 
high EV registration, and these usually have low population densities. Yet these EV might be recent 
freight models, or leasing companies. This would warrant further investigation 
 
7. Socio-economic variable comparisons 
 
Due to many postcodes with no EV or PV observations, a city-wide statistical analysis does not prove 
useful. Instead, the top five postcodes with the highest EV per 1000 residents are compared alongside 
PV density and key socio-economic variables of population density, income and education level. The 
results are tabled in Table 5. The best performers at postcode level in terms of EV varies greatly across 
different cities, with very mixed patterns. Some cities (Perth, Melbourne and Canberra) feature EV rich 
suburbs with industrial uses. This is possibly due to industrial or freight use of EVs (e.g. 4 commercial EV 
model Renault Kangoo ZEs have been trialled by Australia Post in Sydney and Melbourne from 2014-
2015), or leased EVs being registered at specific car dealerships. These areas also tend to have high PV 
capacity per capita, possibly due to large roof-top installations at buildings with large footprints. Another 
typical type is postcodes with higher income and education levels, as found in Gordon (Sydney), West 
Melbourne, Brisbane CBD and Woolloongabba, West Perth, Adelaide CBD, Hobart CBD, South Hobart 
and the central Canberra postcodes. High income and education levels with EV are largely consistent 
with the literature of EV consumer adoption research as outlined in the literature review above. 
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Figure 4: Spatial distribution of EVs, solar panels density and charging points in Hobart and 

Canberra 
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Figure 5: Spatial distribution of EVs, solar panels density and charging points in Sydney 
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Figure 6: Spatial distribution of EVs, solar panels density and charging points in Melbourne 
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Figure 7: Spatial distribution of EVs, solar panels density and charging points in Brisbane
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Figure 8: Spatial distribution of EVs, solar panels density and charging points in Perth and 

Adelaide 
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Table 5: Top five ranked postcodes with the highest EVs per 1,000 residents in each capital city 

 Postcode Suburb Name Dominant Land Use 
EV Per 
1000 
per. 

PV 
Capacity 
per 1000 
persons 

Usual 
Resident 

Population 
Density 

Median 
Household 

Income 

% with 
Degree, 

equivalent 
or above) 

Sydney 
2072 Gordon Residential 6.98 62.65 1744.99 2217.00 75.13 
2019 Banksmeadow and Botany Industrial 2.36 115.04 1309.11 1626.00 39.76 
2052 UNSW Campus Education 1.66 0.00 4701.43 556.00 73.14 
2104 Bayview Residential 0.97 102.49 1010.94 1603.00 50.26 
2128 Silverwater Industrial 0.95 209.68 1051.71 1286.00 49.85 
Melbourne 
3026 Laverton North Industrial 87.91 15153.85 5.89 612.00 0.00 
3125 Burwood Residential 6.99 87.68 2181.59 1100.00 60.83 
3750 Wollert Rural 5.89 2261.30 8.09 1355.00 36.59 
3003 West Melbourne Industrial / Residential 5.34 48.08 567.90 1704.00 73.04 
3175 Bangholme and Dandenong Industrial 2.79 143.54 600.33 899.00 35.75 
Brisbane 
4000 Brisbane (CBD) Commercial / 

Residential 0.77 42.84 4133.47 1746.00 70.71 

4102 Woolloongabba Residential 0.48 217.82 1909.35 1243.00 63.14 
4184 Coochiemudlo Island Rural 0.47 525.47 161.51 598.00 25.61 
4076 Darra Industrial 0.44 317.34 290.49 1118.00 39.58 
4125 Park Ridge South Rural 0.43 542.60 183.93 1223.00 19.85 
Perth 
6106 Welshpool Industrial 764.71 128937.50 2.04 4500.00 30.00 
6090 Malaga Industrial 357.14 170538.46 2.13 1633.00 0.00 
6017 Herdsman  Industrial 4.45 355.24 493.35 1102.00 48.34 
6074 Sawyers Valley Rural 3.18 379.64 2.88 1446.00 31.42 
6005 West Perth Commercial / 

Residential 2.13 97.52 2359.70 1699.00 68.92 
Adelaide 
5094 Cavan Industrial 10.13 1199.75 16.39 850.00 33.48 
5000 Adelaide (CBD) Commercial / 

Residential 1.82 167.52 1265.48 949.00 68.82 
5040 Novar Gardens Residential 1.29 390.97 1317.92 981.00 38.16 
5245 Paechtown Rural 0.88 437.01 55.51 1438.00 43.04 
5007 Brompton Industrial / Residential 0.82 332.73 1696.45 1045.00 50.96 
Hobart 
7009 West Moonah Industrial / Residential 3.49 116.81 1445.59 898.00 32.23 
7000 Hobart (CBD) Commercial / 

Residential 2.38 150.96 1272.67 1281.00 64.03 

7171 Penna Rural 1.00 135.26 95.31 1093.00 23.63 
7004 South Hobart Residential 0.98 122.35 734.98 1277.00 67.91 
7170 Mount Rumney Rural / Industrial 0.64 367.29 49.45 1693.00 38.75 
Canberra 
2609 Symonston, Pialligo and 

Fyshwick Industrial / Residential 151.45 1106.79 6.76 875.00 27.54 

2911 Mitchell and Crace Commercial / 
Residential 69.44 940.66 63.70 1914.00 70.46 

2600 Barton, Deakin, Russell, 
Yarralumla 

Government / 
Residential 10.30 159.63 321.01 2581.00 78.00 

2601 Acton, Black Mountain, 
Canberra and City 

Commercial / 
Education Residential 9.39 140.44 1233.49 2118.00 81.49 

2606 Chifley, Lyons, O'Malley, 
Phillip Rural / Industrial 8.57 153.51 904.52 1601.00 65.99 
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8. Discussion 
 
The contributions of this research are both methodological and applied. Firstly, a socio-spatial framework 
is proposed to explore the varied proliferation of EV and PV across Australian capitals. The methods have 
limitations, however as the density of EVs rises and the proportion of locations with zero EVs falls, the 
opportunities for more sophisticated statistical techniques, including spatial clustering analysis (Dimatulac 
& Maoh 2017), spatial count modelling (Chen, Wang & Kockelman 2015), or geographic-weighted 
regression of variables such as income, socio-economic standing, land use or dwelling type. Of the 
applied contributions, the results show there is clearly a disconnect between the locations where electric 
vehicles are being taken up in greater numbers, and the locations where rooftop solar installations are 
most prominent across the major cities. This has policy implications. Such trends would need to be 
reversed if visions of households using EVs and PVs in combination are to be realised. Similarly, if we 
instead move to innovative car sharing (Budde Christensen, Wells & Cipcigan 2012) or taxi-like on-
demand services offered by autonomous vehicle fleets, then urban electrical grids may also be necessary 
to link household rooftop solar to centralised charging stations.  
 
The socio-spatial investigation presented in this paper is timely, as greater EV uptake is likely to take 
place in the coming years. The findings show heterogeneity in the ways in which EV and PVs are being 
taken up in each Australian capital city, with no real correlation between the two as yet. The mapping of 
EV and PV density, and EV charging points is possible, allowing statistical analysis, yet the presence of 
so many postcodes with nil values for EVs make empirical analysis problematic at this stage. The paper 
has provided a framework for future research of this kind. This should help assist policy in promoting 
sustainable transport and renewable energy generation. This may help overcome conflicts between 
different stakeholders and the development of more coherent visions for EV-PV use (Bakker, Maat & van 
Wee 2014). Barriers to EVs and PVs remain strong with different forces resisting vehicle electrification, 
including battery cost, charging infrastructure, and inherent complications in retrofitting existing power 
generation and transmission systems (Weinert et al. 2008; Steinhilber, Wells & Thankappan 2013). 
 
In this paper, we did not have the opportunity to review the EV and PV policy differences across states, 
but this is a worthy future research endeavour. In general, Australian governments at all levels are 
receptive in promoting EV or PV but little actual policy has been made as the technology remain nascent 
(Ministerial Forum on Vehicle Emissions 2016). However, it is apparent that EV promotion policies are 
lagging behind in Australian cities. Innovative measures to promote EV include public charging facilities 
(Bailey, Miele & Axsen 2015). Some commenters also suggested a higher fuel tax is needed to help 
make EV more competitive, especially in the current situation of low oil prices (Tscharaktschiew 2015). 
EV-PV interaction policy in Australia remains limited, in contrast to the EU which has developed a 
detailed framework on EV and PV synergies (Chaouachi, Covrig & Fulli 2016). To address range anxiety, 
charging point provision is vital. Land use planning should play a greater role, as evident in certain 
jurisdictions, such as Hong Kong, a bonus of buildable areas are offered for developments with carparks 
that provide charging points (Hong Kong Environment Bureau 2011). Yet, even for seemingly leading 
cities with stronger EV uptake, such as Stockholm, uptake is hampered by the lack of coherent national 
policy for future vehicle energy use (Nykvist & Nilsson 2015b). On the other hand, motorist groups or car 
clubs are found to be generally supportive of EVs as they see it can continue automobility with alternative 
fuel and be less environmentally damaging (Bergman 2017). However, a concern is that greater EV 
uptake that may cause greater inequity and prolong car dependence (Newman 2013; Wells 2012). High 
initial costs of EV and PV, tariffs and rebates, in combination, may be regressive in nature as they tend to 
benefit wealthier groups that can afford such technologies (Nelson, Simshauser & Kelley 2011; The 
Greenlining Institute 2016).  
 
To address equity concerns, further improvements are needed to bring EVs to non-elite markets, such as 
industrial policy to help produce more affordable EV models (Nilsson & Nykvist 2016; Bakker & Jacob Trip 
2013). Policy makers should focus more on affordability than range in promoting EV adoption (Adepetu & 
Keshav 2015). In recognition of this, Portland’s new EV policy promoted all forms of e-mobility (PT, 
private car, scooters, bikes), but linkage to renewables remains not clearly addressed  (The Bureau of 
Planning and Sustainability, City of Portland 2016). Promotion of smaller and affordable vehicles could 
prove to be a more equitable way to promote electric vehicles as it is technically easier to incorporate 
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batteries and cheaper entry cost (Bishop et al. 2011; Weiss et al. 2015).  Also, the proliferation of e-bikes 
in China might offer more equitable e-mobility entry points (Cherry et al. 2016; Weinert, Ma & Cherry 
2007), and with additional health benefits (Jones, Harms & Heinen 2016). Lack of safe cycling 
infrastructure and legal implications of e-bike speeds, however, might affect e-bike promotion in Australia 
(Parker 2006). In addition  to equity concerns, reduced cost of motoring from EV-PV synergy might cause 
rebound effects and this needs to be addressed perhaps by novel policies to tax vehicle use (e.g. VKT 
tax) (Rudolph 2016) or transferrable mobility credits (Raux 2004)  
 
This paper has some limitations that can hopefully be addressed in future research. The data on EVs and 
PVs remains patchy, hence the spatial and social mismatch of EV and PV rich areas are not conclusive, 
at best. For instance, an area with a moderate/high EV ownership (5-10 EVs per 1000 persons) but a 
small solar uptake (e.g. 100 kw, approximately 20+ properties) may feel there is some PV surplus. 
However, smartgrid and V2G are not rolled out widely and EV-PV synergies remain unknown. This 
limitation might be addressed with a detailed local study; potentially using the framework presented in this 
paper. Surveys of EV owners  (Rezvani, Jansson & Bodin 2015; Vassileva & Campillo 2017) drivers 
(Jabeen et al. 2012) or potential owners (Egbue & Long 2012; Hidrue et al. 2011) as seen in the literature 
might be used in future to complement spatial analysis. Charging point location analysis may also be 
useful, as done by Namdeo, Tiwary & Dziurla (2014). Another limitation of this study is not being able to 
distinguish PHEV and full EV due to data limitations from the national ABS Motor Survey Data. Future 
government agencies should better collect data on EVs, instead of just simple classifications. We call for 
statistical agencies to better collect fuel-type of vehicles and the dissemination of such, as data limitations 
have been widely recognised as a barrier to research in this field. 
 
In terms of future research, a longitudinal approach would provide further insights and a more robust 
understanding of trends in EV uptake. This should prove possible in the near future with future iterations 
of ABS motor vehicle survey data. Extending this research to look at the equity implications of a shift to 
EVs, including in terms of costs for motorists and households in different Australian cities, and across 
different locations within those cities, may identify problems for particular sites and particular household 
types. The implications of the rate of EV take-up for fuel excise and the need to shift to alternative funding 
instruments to pay for road infrastructure in Australia is also a pressing research need.  
 
References 
 

ACT Department of Environment and Sustainable Development 2012, Transport for Canberra - Transport 
for a sustainable city 2012-2031, ACT Government, Canberra, Australia. 

Adepetu, A & Keshav, S 2015, ‘The relative importance of price and driving range on electric vehicle 
adoption: Los Angeles case study’, Transportation, accessed May 29, 2016, from 
<http://link.springer.com/10.1007/s11116-015-9641-y>. 

Adil, AM & Ko, Y 2016, ‘Socio-technical evolution of Decentralized Energy Systems: A critical review and 
implications for urban planning and policy’, Renewable and Sustainable Energy Reviews, vol. 57, 
pp. 1025–1037. 

Afroz, R, Rahman, A, Masud, MM, Akhtar, R & Duasa, JB 2015, ‘How Individual Values and Attitude 
Influence Consumers’ Purchase Intention of Electric Vehicles--Some Insights from Kuala Lumpur, 
Malaysia’, Environment and Urbanization Asia, vol. 6, no. 2, pp. 193–211. 

Andersen, PH, Mathews, JA & Rask, M 2009, ‘Integrating private transport into renewable energy policy: 
The strategy of creating intelligent recharging grids for electric vehicles’, Energy Policy, vol. 37, 
no. 7, pp. 2481–2486. 

Antonson, H & Carlson, A 2017, ‘Spatial planning and electric vehicles. A qualitative case study of 
horizontal and vertical organisational interplay in southern Sweden’, Journal of Environmental 
Planning and Management, pp. 1–23. 

Bailey, J, Miele, A & Axsen, J 2015, ‘Is awareness of public charging associated with consumer interest in 
plug-in electric vehicles?’, Transportation Research Part D: Transport and Environment, vol. 36, 
pp. 1–9. 

Bakker, S & Jacob Trip, J 2013, ‘Policy options to support the adoption of electric vehicles in the urban 
environment’, Transportation Research Part D: Transport and Environment, vol. 25, pp. 18–23. 



SOAC 2017 
 

Bakker, S, Maat, K & van Wee, B 2014, ‘Stakeholders interests, expectations, and strategies regarding 
the development and implementation of electric vehicles: The case of the Netherlands’, 
Transportation Research Part A: Policy and Practice, vol. 66, pp. 52–64. 

Barton, J, Huang, S, Infield, D, Leach, M, Ogunkunle, D, Torriti, J & Thomson, M 2013, ‘The evolution of 
electricity demand and the role for demand side participation, in buildings and transport’, Energy 
Policy, vol. 52, pp. 85–102. 

Bergman, N 2017, ‘Stories of the future: Personal mobility innovation in the United Kingdom’, Energy 
Research & Social Science, accessed July 17, 2017, from 
<http://linkinghub.elsevier.com/retrieve/pii/S2214629617302001>. 

Bishop, JDK, Doucette, RT, Robinson, D, Mills, B & McCulloch, MD 2011, ‘Investigating the technical, 
economic and environmental performance of electric vehicles in the real-world: A case study 
using electric scooters’, Journal of Power Sources, vol. 196, no. 23, pp. 10094–10104. 

Budde Christensen, T, Wells, P & Cipcigan, L 2012, ‘Can innovative business models overcome 
resistance to electric vehicles? Better Place and battery electric cars in Denmark’, Energy Policy, 
vol. 48, pp. 498–505. 

Byrd, H, Ho, A, Sharp, B & Kumar-Nair, N 2013, ‘Measuring the solar potential of a city and its 
implications for energy policy’, Energy Policy, vol. 61, pp. 944–952. 

Calvillo, CF, Sánchez-Miralles, A & Villar, J 2016, ‘Energy management and planning in smart cities’, 
Renewable and Sustainable Energy Reviews, vol. 55, pp. 273–287. 

Chaouachi, A, Covrig, CF & Fulli, G 2016, Framework for Electric Vehicles and Photovoltaic Synergies, 
European Union 2016. 

Chen, TD, Wang, Y & Kockelman, KM 2015, ‘Where are the electric vehicles? A spatial model for vehicle-
choice count data’, Journal of Transport Geography, vol. 43, pp. 181–188. 

Cherry, CR, Yang, H, Jones, LR & He, M 2016, ‘Dynamics of electric bike ownership and use in Kunming, 
China’, Transport Policy, vol. 45, pp. 127–135. 

Clement-Nyns, K, Haesen, E & Driesen, J 2010, ‘The Impact of Charging Plug-In Hybrid Electric Vehicles 
on a Residential Distribution Grid’, IEEE Transactions on Power Systems, vol. 25, no. 1, pp. 371–
380. 

ClimateWorks 2016, The Path Forward for Electric Vehicles in Australia,. 
Coffman, M, Bernstein, P & Wee, S 2017, ‘Electric vehicles revisited: a review of factors that affect 

adoption’, Transport Reviews, vol. 37, no. 1, pp. 79–93. 
Diamond, D 2009, ‘The impact of government incentives for hybrid-electric vehicles: Evidence from US 

states’, Energy Policy, vol. 37, no. 3, pp. 972–983. 
Dijk, M, Orsato, RJ & Kemp, R 2013, ‘The emergence of an electric mobility trajectory’, Energy Policy, vol. 

52, pp. 135–145. 
Dijk, M, Wells, P & Kemp, R 2016, ‘Will the momentum of the electric car last? Testing an hypothesis on 

disruptive innovation’, Technological Forecasting and Social Change, vol. 105, pp. 77–88. 
Dimatulac, T & Maoh, H 2017, ‘The spatial distribution of hybrid electric vehicles in a sprawled mid-size 

Canadian city: Evidence from Windsor, Canada’, Journal of Transport Geography, vol. 60, pp. 
59–67. 

Du, J & Ouyang, D 2017, ‘Progress of Chinese electric vehicles industrialization in 2015: A review’, 
Applied Energy, vol. 188, pp. 529–546. 

Egbue, O & Long, S 2012, ‘Barriers to widespread adoption of electric vehicles: An analysis of consumer 
attitudes and perceptions’, Energy Policy, vol. 48, pp. 717–729. 

Electric Vehicles Initiative 2013, ‘Global EV Outlook’, , no. April. 
Franklin, E 2016, ‘Why Canberra should become the electric vehicle capital of Australia’, The Sydney 

Morning Herald, accessed from <http://www.smh.com.au/comment/why-canberra-should-
become-the-electricvehicle- capital-of-australia-20160603-gpb4ag.html>. 

Galus, MD, Vayá, MG, Krause, T & Andersson, G 2013, ‘The role of electric vehicles in smart grids: The 
role of electric vehicles in smart grids’, Wiley Interdisciplinary Reviews: Energy and Environment, 
vol. 2, no. 4, pp. 384–400. 

Gilbert, R & Perl, A 2012, Transport Revolutions: Moving People and Freight Without Oil 2nd edn, 
Earthscan, London. 

Green, J & Newman, P 2017, ‘Disruptive innovation, stranded assets and forecasting: the rise and rise of 
renewable energy’, Journal of Sustainable Finance & Investment, vol. 7, no. 2, pp. 169–187. 



SOAC 2017 
 

Hawkins, TR, Gausen, OM & Strømman, AH 2012, ‘Environmental impacts of hybrid and electric 
vehicles—a review’, The International Journal of Life Cycle Assessment, vol. 17, no. 8, pp. 997–
1014. 

Hidrue, MK, Parsons, GR, Kempton, W & Gardner, MP 2011, ‘Willingness to pay for electric vehicles and 
their attributes’, Resource and Energy Economics, vol. 33, no. 3, pp. 686–705. 

Higgins, A, Paevere, P, Gardner, J & Quezada, G 2012, ‘Combining choice modelling and multi-criteria 
analysis for technology diffusion: An application to the uptake of electric vehicles’, Technological 
Forecasting and Social Change, vol. 79, no. 8, pp. 1399–1412. 

Hirth, L 2013, ‘The market value of variable renewables’, Energy Economics, vol. 38, pp. 218–236. 
Hong Kong Environment Bureau 2011, Technical Guidelines for Electric Vehicle (EV) Charging-enabling 

for Car Parks of New Building Developments, Hong Kong, accessed from 
<http://www.pland.gov.hk/pland_en/tech_doc/joint_pn/jpn1_e.pdf>. 

Hooftman, N, Oliveira, L, Messagie, M, Coosemans, T & Van Mierlo, J 2016, ‘Environmental Analysis of 
Petrol, Diesel and Electric Passenger Cars in a Belgian Urban Setting’, Energies, vol. 9, no. 2, p. 
84. 

International Energy Agency 2016, Snapshot of Global Photovoltaic Markets - IEA PVPS, International 
Energy Agency. 

Jabeen, F, Olaru, D, Smith, B, Braunl, T & Speidel, S 2012, ‘Acceptability of Electric Vehicles: Findings 
from a driver survey’, in Perth, Australia. 

Järvinen, J, Orton, F & Nelson, T 2012, ‘Electric Vehicles in Australia’s National Electricity Market: Energy 
Market and Policy Implications’, The Electricity Journal, vol. 25, no. 2, pp. 63–87. 

Jones, T, Harms, L & Heinen, E 2016, ‘Motives, perceptions and experiences of electric bicycle owners 
and implications for health, wellbeing and mobility’, Journal of Transport Geography, vol. 53, pp. 
41–49. 

Kempton, W & Letendre, SE 1997, ‘Electric vehicles as a new power source for electric utilities’, 
Transportation Research Part D: Transport and Environment, vol. 2, no. 3, pp. 157–175. 

Kerdlap, P & Gheewala, SH 2016, ‘Electric Motorcycles in Thailand: A Life Cycle Perspective: A Life 
Cycle View of e-motorcycles in Thailand’, Journal of Industrial Ecology, vol. 20, no. 6, pp. 1399–
1411. 

Leung, A, Burke, M, Perl, A & Cui, J 2017, ‘The peak oil and oil vulnerability discourse in urban transport 
policy: A comparative discourse analysis of Hong Kong and Brisbane’, Transport Policy, 
accessed April 24, 2017, from <http://linkinghub.elsevier.com/retrieve/pii/S0967070X17302202>. 

Li, N, Chen, J-P, Tsai, I-C, He, Q, Chi, S-Y, Lin, Y-C & Fu, T-M 2016, ‘Potential impacts of electric 
vehicles on air quality in Taiwan’, Science of The Total Environment, vol. 566–567, pp. 919–928. 

Ministerial Forum on Vehicle Emissions 2016, Improving the efficiency of new light vehicles -  Draft 
Regulation Impact Statement, Department of Infrastructure and Regional Development, 
Commonwealth of Australia, Canberra, Australia. 

Mwasilu, F, Justo, JJ, Kim, E-K, Do, TD & Jung, J-W 2014, ‘Electric vehicles and smart grid interaction: A 
review on vehicle to grid and renewable energy sources integration’, Renewable and Sustainable 
Energy Reviews, vol. 34, pp. 501–516. 

Namdeo, A, Tiwary, A & Dziurla, R 2014, ‘Spatial planning of public charging points using multi-
dimensional analysis of early adopters of electric vehicles for a city region’, Technological 
Forecasting and Social Change, vol. 89, pp. 188–200. 

Nelson, T, Simshauser, P & Kelley, S 2011, ‘Australian Residential Solar Feed-in Tariffs: Industry 
Stimulus or Regressive form of Taxation?’, Economic Analysis and Policy, vol. 41, no. 2, pp. 113–
129. 

Newman, D 2013, ‘Cars and consumption’, Capital & Class, vol. 37, no. 3, pp. 457–476. 
Newman, D, Wells, P, Donovan, C, Nieuwenhuis, P & Davies, H 2014, ‘Urban, sub-urban or rural: where 

is the best place for electric vehicles?’, International Journal of Automotive Technology and 
Management, vol. 14, no. 3/4, p. 306. 

Newman, P & Kenworthy, JR 2015, The end of automobile dependence: how cities are moving beyond 
car-based planning, Island Press, Washington, DC. 

Nilsson, M & Nykvist, B 2016, ‘Governing the electric vehicle transition – Near term interventions to 
support a green energy economy’, Applied Energy, vol. 179, pp. 1360–1371. 

Nunes, P, Farias, T & Brito, MC 2015, ‘Day charging electric vehicles with excess solar electricity for a 
sustainable energy system’, Energy, vol. 80, pp. 263–274. 



SOAC 2017 
 

Nykvist, B & Nilsson, M 2015a, ‘Rapidly falling costs of battery packs for electric vehicles’, Nature Climate 
Change, vol. 5, no. 4, pp. 329–332. 

Nykvist, B & Nilsson, M 2015b, ‘The EV paradox – A multilevel study of why Stockholm is not a leader in 
electric vehicles’, Environmental Innovation and Societal Transitions, vol. 14, pp. 26–44. 

Offer, GJ, Howey, D, Contestabile, M, Clague, R & Brandon, NP 2010, ‘Comparative analysis of battery 
electric, hydrogen fuel cell and hybrid vehicles in a future sustainable road transport system’, 
Energy Policy, vol. 38, no. 1, pp. 24–29. 

Paevere, P, Higgins, A, Ren, Z, Horn, M, Grozev, G & McNamara, C 2014, ‘Spatio-temporal modelling of 
electric vehicle charging demand and impacts on peak household electrical load’, Sustainability 
Science, vol. 9, pp. 61–76. 

Parker, AA 2006, ‘Electric Power-Assisted Bicycles Reduce Oil Dependence and Enhance the Mobility of 
the Elderly’, in 29th Australasian Transport Research Forum. 

Raux, C 2004, ‘The use of transferable permits in transport policy’, Transportation Research Part D: 
Transport and Environment, vol. 9, no. 3, pp. 185–197. 

Rezvani, Z, Jansson, J & Bodin, J 2015, ‘Advances in consumer electric vehicle adoption research: A 
review and research agenda’, Transportation Research Part D: Transport and Environment, vol. 
34, pp. 122–136. 

Richardson, DB 2013, ‘Electric vehicles and the electric grid: A review of modeling approaches, Impacts, 
and renewable energy integration’, Renewable and Sustainable Energy Reviews, vol. 19, pp. 
247–254. 

Riesz, J, Sotiriadis, C, Ambach, D & Donovan, S 2016, ‘Quantifying the costs of a rapid transition to 
electric vehicles’, Applied Energy, vol. 180, pp. 287–300. 

Rudolph, C 2016, ‘How may incentives for electric cars affect purchase decisions?’, Transport Policy, vol. 
52, pp. 113–120. 

Sheng, N, Zhou, X & Zhou, Y 2016, ‘Environmental impact of electric motorcycles: Evidence from traffic 
noise assessment by a building-based data mining technique’, Science of The Total Environment, 
vol. 554–555, pp. 73–82. 

Sovacool, BK & Hirsh, RF 2009, ‘Beyond batteries: An examination of the benefits and barriers to plug-in 
hybrid electric vehicles (PHEVs) and a vehicle-to-grid (V2G) transition’, Energy Policy, vol. 37, no. 
3, pp. 1095–1103. 

State Government of Victoria 2013, Creating a market - Victorian electric vehicle trial, mid-term report, 
State Government of Victoria, Melbourne, Australia. 

Stein, F 2013, ‘Ending America’s energy insecurity: Why electric vehicles should drive the United States 
to energy independence’, Homeland Security Affairs Journal, vol. 9, p. 4. 

Steinhilber, S, Wells, P & Thankappan, S 2013, ‘Socio-technical inertia: Understanding the barriers to 
electric vehicles’, Energy Policy, vol. 60, pp. 531–539. 

Taefi, TT, Kreutzfeldt, J, Held, T & Fink, A 2016, ‘Supporting the adoption of electric vehicles in urban 
road freight transport – A multi-criteria analysis of policy measures in Germany’, Transportation 
Research Part A: Policy and Practice, vol. 91, pp. 61–79. 

The Bureau of Planning and Sustainability, City of Portland 2016, 2017 Electric Vehicle Strategy,. 
The Greenlining Institute 2016, Electric Vehicles for All_ An Equity Toolkit, accessed from 

<http://greenlining.org/publications-resources/electric-vehicles-for-all/>. 
Tscharaktschiew, S 2015, ‘How much should gasoline be taxed when electric vehicles conquer the 

market? An analysis of the mismatch between efficient and existing gasoline taxes under 
emerging electric mobility’, Transportation Research Part D: Transport and Environment, vol. 39, 
pp. 89–113. 

Turnheim, B, Berkhout, F, Geels, F, Hof, A, McMeekin, A, Nykvist, B & van Vuuren, D 2015, ‘Evaluating 
sustainability transitions pathways: Bridging analytical approaches to address governance 
challenges’, Global Environmental Change, vol. 35, pp. 239–253. 

Ustun, TS, Zayegh, A & Ozansoy, C 2013, ‘Electric Vehicle Potential in Australia: Its Impact on 
Smartgrids’, IEEE Industrial Electronics Magazine, vol. 7, no. 4, pp. 15–25. 

Vassileva, I & Campillo, J 2017, ‘Adoption barriers for electric vehicles: Experiences from early adopters 
in Sweden’, Energy, vol. 120, pp. 632–641. 

Weinert, J, Ma, C & Cherry, C 2007, ‘The transition to electric bikes in China: history and key reasons for 
rapid growth’, Transportation, vol. 34, no. 3, pp. 301–318. 



SOAC 2017 
 

Weinert, J, Ogden, J, Sperling, D & Burke, A 2008, ‘The future of electric two-wheelers and electric 
vehicles in China’, Energy Policy, vol. 36, no. 7, pp. 2544–2555. 

Weiss, M, Dekker, P, Moro, A, Scholz, H & Patel, MK 2015, ‘On the electrification of road transportation – 
A review of the environmental, economic, and social performance of electric two-wheelers’, 
Transportation Research Part D: Transport and Environment, vol. 41, pp. 348–366. 

Wells, P 2012, ‘Converging transport policy, industrial policy and environmental policy: The implications 
for localities and social equity’, Local Economy, vol. 27, no. 7, pp. 749–763. 

Went, A, Newman, P & James, W 2008, Renewable Transport: How Renewable Energy and Electric 
Vehicles using Vehicle to Grid technology can make Carbon Free Urban Development, Curtin 
University Sustainability Policy (CUSP) Institute. 

Yu, H & Stuart, AL 2017, ‘Impacts of compact growth and electric vehicles on future air quality and urban 
exposures may be mixed’, Science of The Total Environment, vol. 576, pp. 148–158. 

 


	Where are the electric cars and solar panels? The socio-spatial mismatch of mobility and energy transition in Australian capitals
	1. The come-back of electric vehicles and their sustainable transport potential
	2. The global solar-PV boom and potential for EV synergies
	3. EV-PV interaction studies – a short review
	4. Approach and Methods
	5. Inter-city comparisons
	6. Spatial mapping of EV-PV mismatch
	7. Socio-economic variable comparisons
	8. Discussion
	References


