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Abstract: This paper aims to estimate the potential of electric vehicles (EVs) in Melbourne, Victoria,
using the Victorian Integrated Survey of Travel and Activity (VISTA) data. The investigation of
whether EVs with different all-electric ranges (AERs) can replace car travel to work and education
is the focus of this paper. The results showed that EVs would be able to replace most car travel to
work (68.5% to 97.1%) and car travel to education (71.9% to 96.9%), with AERs increasing from 40 km
to 100 km, assuming car drivers are willing to use an EV. It is estimated that the average operating
cost savings per person would be up to AUD 3.12 and AUD 2.79 each day, regarding travel to work
and education, respectively. Considering both travel to work and education, EVs could replace up
to 33.8 million kilometres of car travel, consuming around 7.6 GWh and resulting in a reduction in
carbon dioxide (CO2) emissions of about 610 tons each day.
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1. Introduction

The most widely used type of vehicles that are driven on Victorian roads are internal
combustion engine vehicles (ICEVs). These vehicles have engines that use petrol, diesel,
and gas as fuel to generate power. While ICEVs are an affordable option for most Victorians,
they bring many negative impacts, which directly affect the environment. ICEVs, while
running, release harmful gases, such as carbon dioxide (CO2), which is one of the main
culprits in the worldwide issue of climate change/global warming [1]. It is estimated
that 20% of the state’s total emissions come from the transport sector, which produces
roughly 22.3 million tons of CO2 each year. Looking at the transport sector in Victoria,
89.8% of the transport emissions come from road transportation, 55.9% of which come from
cars [2]. The majority of the air pollution and greenhouse gases are caused by modern-day
ICEVs [3]. With Victoria looking towards a more environmentally friendly and sustainable
future, electric vehicles (EVs), especially those charged with renewable sources, such as
solar panels, seem to be a suitable option to replace the majority of ICEVs on the roads
in Victoria. The Victorian government aims to support the uptake of EVs by rolling out
a zero-emissions vehicle subsidy to residents. The programs that will support the switch
to EVs are backed by AUD 100 million by the government to ensure the long-term vision
of having half of all light-duty vehicles sold being zero-emissions vehicles by the year
2030 [4].

EVs refer to those that are primarily driven by batteries. The main types of EVs
are hybrid electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), and battery
electric vehicles (BEVs). HEVs refer to cars that have an internal combustion engine and
a battery, use both power sources to run, and do not need to be plugged in to charge,
whereas PHEVs use a very similar system, but can be plugged in to charge the batteries.
BEVs are purely driven by batteries and need to be charged to operate. EVs offer a range
of benefits when being compared to mainstream ICEVs, such as the reduced amount of
greenhouse gases, low running costs, and low-noise operation [5–7]. EVs can also help
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improve a nation’s energy security through reduced reliance on imported oil [8]. Although
EVs bring many positive benefits, the uptake of this new technology has been rather slow.
There are factors contributing to this reason, such as high purchase price, range anxiety,
charging infrastructure, maintenance of batteries, hassle of charging batteries on a daily
basis, malfunctions, and lack of knowledge [9–12]. EVs generally have a higher purchase
price compared to ICE vehicles, and this is mainly due to the cost of the batteries they use to
operate. The bigger the batteries are, the more expensive the EVs become. Battery size also
directly relates to the range that the vehicle can travel, along with other factors. Without a
fully developed infrastructure for charging EVs, many people have worries about how and
where the vehicles can be charged, and there is anxiety surrounding the limited distance
the vehicles can operate before having to be plugged in [9].

The transition to EVs is a process that needs many considerations, such as developing
sufficient charging infrastructure and upgrading the electrical network to meet the demands
of renewable energy, to maximise the chances of EVs becoming an environmentally friendly
option in Victoria [13–15]. With many individuals wanting to charge their EVs in the
comfort of their own homes, there will be an increase in energy demand [16,17]. There are
three main types of EV chargers that are based on the amount of power they can provide.
Level 1 chargers are those that plug directly into a power point; they are able to charge
the battery gradually, but are unable to perform a full charge overnight. Level 2 chargers
are dedicated and offer more power, and are able to fully charge an EV battery overnight.
Level 3 chargers are referred to as fast chargers and offer fast charging speeds, allowing
some EVs to be fully charged within 10 to 15 min. Several studies have examined the
impact of EV uptake on electricity demand in Victoria, and estimated that the impact on
electricity demand would be under a 10% increase in 2033 [18,19]. The main method of
energy production for Australia is through the burning of fossil fuels. The impact of this
process harms the environment and makes up almost 30% of Australia’s greenhouse gas
emissions [20]. Australia currently attains only 6% of its energy use from renewable energy
sources [21]. Thus, to fully maximise the potential of EVs, the use of energy from renewable
sources would be needed.

To promote the uptake of EVs, policymakers and manufacturers would need to know
the potential markets for EVs, and the potential impacts on emissions and energy demand
concerning EVs’ all-electric range (AER). At the same time, consumers would need to
know if EVs can accommodate their essential travels, such as travel to/from work and
education, and potential cost savings. Much of the previous EV research has focused on
daily travel patterns using two main approaches, including the direct use of observed
travel activities and modelling of travel activities [22]. The former approach can represent
daily travel patterns, but policy analyses need to be conducted via scenarios. The latter
approach can also present daily travel patterns and model the impacts of policies directly,
but is more complex, with higher data requirements. There have been many investigations
into the potential of EVs with the direct use of observed travel patterns from GPS tracking
data [5,23], and household travel survey and census journey-to-work data [22,24,25]; for
example, Khan and Kockelman [5] analysed the 1-year GPS data of 255 households with
electric vehicles in Seattle, US, and found that an EV that had a travel range of 100 miles, or
roughly 160 km, could replace 50% of household trips if the household owned one vehicle
and 80% of the trips if the household owned more than one vehicle. Their analysis also
showed the benefits of EVs regarding operating costs. In New South Wales (NSW), Rafique
and Town [25] examined journey-to-work census data and found that the commuting
distance of nearly 90% of commuters who drove was under 40 km. This meant that, with
this low range, which was travelled daily, almost 90% of the commuters who drove could
be replaced with already available EVs, and they would have sufficient time to charge
for the following day’s use. It is worth noting that if other influencing factors, such as
concerns about battery maintenance or daily charging, were considered, the percentage of
car travel that could be replaced by EVs would be lower. Through this study, it was also
found that even if the EVs were not charged by using renewable energy, there would still
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be a substantial reduction in CO2 emissions. Although much research has investigated
the potential of EVs using household travel survey data, little is understood about the
potential of EVs in replacing educational car travel. In the Australian context, to the best
of our knowledge, no research has simultaneously investigated the potential impacts of
EVs in replacing commuting and educational car trips, which are the two main types of
essential daily travel.

This paper aims to explore the potential of using EVs for travelling to work and
education in Melbourne. Using the Victorian Integrated Survey of Travel and Activity
(VISTA), it estimates the proportions of existing car travel to work and education that could
be replaced by EVs with different AERs. Following this, it estimates the total car distance
travelled that could be replaced by EVs, and the associated impacts on electricity demand,
CO2 emission reduction, and operation cost savings.

2. Materials and Methods
2.1. Data

The data that were used for the study were directly sourced from VISTA 2012–2018.
VISTA is the main ongoing household travel survey, informing transport and land-use
planning decisions in Victoria and is widely used in travel behaviour research [26]. The
VISTA 2012–2018 data included information about all trips undertaken by all members
of approximately 25,000 households, including trip origin and destination, travel mode,
departure and arrival time, weekday/weekend, duration, purpose, destination type, and
distance. Households’ demographic and socioeconomic information was also included.

2.2. Method

Using the information about travel mode and trip purpose, car trips as a driver to
work and education were selected. Since most work and educational trips occurred on
weekdays according to the VISTA data, this paper focused on car travel on weekdays only.
The distributions of car driver trips to work and education by driving distances were then
computed. Using these distributions, the percentages of existing car driver trips to work
and education that can potentially be replaced by EVs were calculated, subject to EVs’ AER.
Total driving distances of the associated existing car driver trips being replaced by EVs
were also computed. The analysis was conducted for each local government area (LGA),
i.e., local council, and then aggregated for Greater Melbourne.

Based on the driving distances to be replaced by EVs, the impacts on emissions and
operating costs were derived. The average rate of carbon dioxide equivalent, CO2(eq), for
ICEVs (EMICEV in kg CO2(eq)/km) was calculated as follows:

EMICEV = ECICEV × EM f uel (1)

where ECICEV is the average rate of fuel consumption of ICEVs (l/km) and EM f uel is the
average rate of emissions from burning fuel (kg CO2(eq)/l).

The average rate of indirect emissions for EVs (EMEV in kg CO2(eq)/km) was calcu-
lated using the following equation:

EMEV =
ECEV

E f fcharge
× EMelectricity (2)

where ECEV is the average rate of energy consumption of EVs (kWh/km), E f fcharge is the
EV charging efficiency factor and EMelectricity is the average rate of indirect emissions from
using electricity (kg CO2(eq)/kWh).

The average rates of operating costs for ICEVs (OCICEV in AUD/km) and EVs (OCEV
in AUD/km) were then computed as follows:

OCICEV = ECICEV × C f uel (3)
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OCEV =
ECEV

E f fcharge
× Celectricity (4)

where C f uel is the average fuel cost (AUD/l) and Celectricity is the average electricity cost
(AUD/kWh).

2.3. Assumptions

The following assumptions were adopted for the analysis:

• All car driver trips to work and education were by passenger cars. This is a reasonable
assumption since passenger cars represent nearly 80% of the vehicle fleet and 70% of
total kilometres travelled in Australia [27].

• Car travel back home from work and education was made by the same travel mode and
distance. This assumption is reasonable given only car driver trips were considered.

• EVs charge at home. Thus, an EV with an AER of 50 km can cover work/education
trips (two ways) as long as the distance of travel to work/education is 25 km or below.

The following parameters were assumed for the analysis:

• ECICEV was 0.111 l/km based on passenger cars obtained from Australian Bureau of
Statistics [27].

• ECEV was 0.193 kWh/km based on the average energy consumption from an interna-
tional database [28].

• E f fcharge was 0.857 based on the average efficiency of level 1 and level 2 EV charging
infrastructure [29].

• EM f uel was 2.348 kg CO2(eq)/l based on passenger cars obtained from Australian
Transport Assessment and Planning Guidelines [30].

• EMelectricity was 1.08 kg CO2(eq)/kWh based on indirect emissions from using electric-
ity generated in Victoria [31].

• C f uel was 1.448 AUD/l based on Australian Transport Assessment and Planning
Guidelines [30].

• Celectricity was 0.273 AUD/kWh based on the average residential electricity price in
Victoria [32].

3. Results
3.1. Travel to Work and Education Mode Shares

Table 1 shows the number of weekday trips to work and education by travel mode
in Greater Melbourne. There is a large number of travel-to-work trips taken as vehicle
drivers. Almost 70% of all travel-to-work trips are taken as vehicle drivers, which is equal
to more than 1,070,000 trips. On the contrary, when considering travel-to-education trips, it
is shown that vehicle driver trips make up below 7% of the total trips, equating to below
45,000 trips. The travel to education (all levels of education) by vehicle drivers is not as
dominant when compared to travel to work, but a greater number of trips can be observed
for the vehicle passenger mode. This mode makes up nearly 55% of all travel-to-education
trips. This could be due to several reasons, such as carpooling or being dropped off by
a parent. For this study, only the trips recorded for vehicle drivers are to be considered,
as aforementioned. Amongst travel to work and education, there is a total of more than
1,100,000 car driver trips. As there is such a large number of trips being taken by vehicle
drivers, it is suitable to continue investigating the potential of EVs in replacing these trips.
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Table 1. Travel to work and education trips by mode (weekday).

Travel to Work Travel to Education
Travel Mode

n % n %

Cycling 41,117 2.7% 19,911 2.9%
Walking 41,891 2.7% 105,081 15.5%

Train 232,354 15.1% 59,048 8.7%
Tram 51,805 3.4% 16,992 2.5%
Bus 21,148 1.4% 56,958 8.4%

Vehicle Driver 1,070,716 69.7% 44,703 6.6%
Vehicle

Passenger 65,934 4.3% 371,242 54.9%

Other 12,041 0.8% 2714 0.4%

Total 1,537,005 676,650

3.2. Potential of EVs in Replacing Car Travel to Work and Education

Figure 1 illustrates the distribution of driving distances to work and education in
Greater Melbourne. Most of the trips are between 0 and 50 km, with a small number of
trips being greater than 50 km. There was a total of 97.1% travel-to-work trips and 96.9%
travel-to-education trips that were between 0 and 50 km. For both travel to work and
education, the trip range of 5–10 km has the most trips recorded, representing 23.1% of
the trips to education and 20.7% of the trips to work. It can be observed that there is an
increase in trips from the 0–5 km range to the 5–10 km range, and then there is a steady
decline in trips in the greater ranges. Both travel to work and education follow similar
distributions of driving distances.
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Figure 1. Distribution of car travel distance to work and education (weekday).

Figure 2 shows the percentages of car driver trips to work and education that can be
fully replaced by EVs with different AERs. A high percentage of trips between travel to
work and education can be replaced by EVs, even those with low AERs. For an AER of
40 km, there are 68.5% of trips to work and 71.9% of trips to education that can be replaced
by EVs. As the AER range increases, the percentage of trips that can be replaced by EVs
also increases. It is evident that about 95% of travel to work and education trips can be
replaced by EVs with an AER of 90 km. This suggests the significant potential of full EVs
or BEVs for travelling to work and education.
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3.3. Impacts of EVs on Replacing Car Travel to Work and Education

Table 2 summarises the impacts of EVs on replacing car travel to work and education
in Greater Melbourne. The reduction in CO2 and savings from the cost of operation of EVs
are the two main benefits of switching to EVs. Regarding car travel to work, EVs with an
AER of 40 km can replace 14.5 million kilometres of car travel, which consumes 3.3 GWh,
and equates to a CO2 reduction of 262 tons and operating cost savings of AUD 1.45 million
per day. As the AER increases, the benefits from EVs tend to increase linearly. With an AER
of 100 km, 32.6 million kilometres of car travel to work can be replaced by EVs, consuming
7.3 GWh, and leading to a reduction of 587 tons of CO2 and operating cost savings of AUD
3.2 million per day. Taking into account the number of commuters who drove to work and
could switch to EVs, the average operating cost savings are AUD 1.97 per person per day
and AUD 3.12 per person per day for AERs of 40 km and 100 km, respectively.

Table 2. Emission, operating cost, and energy impacts of EVs on replacing car travel to work and education (weekday).

All-Electric Range (AER)

40 km 50 km 60 km 70 km 80 km 90 km 100 km

Travel to Work
Distance (km) 14,541,696 19,349,285 23,619,846 26,905,931 29,514,283 31,411,466 32,600,441

Energy consumption (kWh) 3,266,367 4,346,251 5,305,508 6,043,631 6,629,521 7,055,668 7,322,736
CO2 reduction (kg) 261,808 348,363 425,250 484,413 531,373 565,530 586,936

Operating cost saving (AUD) 1,445,866 1,923,880 2,348,497 2,675,230 2,934,575 3,123,210 3,241,429

Travel to Education
Distance (km) 570,912 811,218 905,097 986,767 1,063,512 1,145,750 1,214,443

Energy consumption (kWh) 128,239 182,217 203,304 221,648 238,887 257,359 272,789
CO2 reduction (kg) 10,279 14,605 16,295 17,766 19,147 20,628 21,865

Operating cost saving (AUD) 56,765 80,659 89,993 98,113 105,744 113,921 120,751

Total
Distance (km) 15,112,607 20,160,503 24,524,943 27,892,698 30,577,794 32,557,216 33,814,884

Energy consumption (kWh) 3,394,605 4,528,468 5,508,812 6,265,279 6,868,408 7,313,027 7,595,525
CO2 reduction (kg) 272,086 362,968 441,546 502,178 550,521 586,158 608,801

Operating cost saving (AUD) 1,502,631 2,004,539 2,438,490 2,773,343 3,040,319 3,237,131 3,362,180

The impacts of EVs on replacing car travel to education are significantly lower com-
pared to travel to work, due to the shorter car distance travelled that can be replaced.
When the AER is 40 km, EVs would replace nearly 0.6 million kilometres of car travel to
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education, consuming 0.13 GWh, and reducing the CO2 by 10 tons and operating costs
by AUD 0.05 million per day. When the AER reaches 100 km, these figures would be
approximately doubled. Considering the number of travellers who drove to education and
could switch to EVs, the average operating cost savings are AUD 1.77 per person per day
and AUD 2.79 per person per day for AERs of 40 km and 100 km, respectively.

Overall, across all the AERs, there are substantial CO2 reductions and operational cost
savings, especially for travel to work. Travel to work does offer more benefits, as there are
more trips recorded and, thus, more kilometres travelled compared to travel to education,
regarding vehicle driver mode. Incorporating both travel to work and education, EVs
could replace up to 33.8 million kilometres of car travel, which equates to an electricity
demand of around 7.6 GWh, a CO2 reduction of about 610 tons, and an operating cost
saving of approximately AUD 3.4 million per any given weekday.

3.4. Spatial Analysis

Figures 3 and 4 show heatmaps of the CO2 reductions by LGAs in Greater Melbourne,
from EVs replacing car driver trips for travel to work and education, respectively. A typical
AER of 50 km is selected for demonstration, since the patterns are similar for other AERs.
For travel to education, there are more CO2 reductions in the middle LGAs, especially in
the southeast, whereas, for travel to work, greater CO2 reductions come from the outer
LGAs. Figure 4 shows that Casey would have the highest reduction in CO2 from EVs
replacing car travel to education, followed by Monash. Figure 3 shows a similar result,
with Casey having the greatest amount of CO2 reduction from EVs replacing car travel to
work. This is then followed by Whittlesea. Comparing both heatmaps, Casey would have
the highest reduction in CO2 when EVs are used for travel to work and education.
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4. Discussion and Conclusions

This paper has investigated the potential use of EVs in Melbourne using VISTA
2012–2018 data. The results showed that EVs, even with an AER as low as 40 km, would be
able to replace most car travel to work and education. It was estimated that the proportion
of car travel to work that can be replaced by EVs increases from 68.5% to 97.1% when the
AER increases from 40 km to 100 km. Similarly, the proportion of car travel to education
that can be replaced by EVs increases from 71.9% to 96.9% when the AER varies between
40 km and 100 km.

With the replacement of the current car travel to work and education with EVs, the
benefits to both the environment and users were evident in the results of the paper. The
CO2 reductions from EVs replacing both car travel to work and education are substantial.
Regarding travel to work, as the AER increases from 40 km to 100 km, the reduction in
CO2 emissions rises from 262 tons to 587 tons per day. Regarding travel to education,
the reduction in CO2 emissions increases from 10 tons to 22 tons per day. Together, the
reduction in CO2 emissions would be up to almost 610 tons per day, which equates to
approximately 0.2 million tons per year. Considering that the transport sector produces
roughly 22.3 million tons of carbon dioxide (CO2) per year [2], the overall potential CO2
reduction would be approximately 1%. However, it is worth noting that only 21.2% of
electricity generation in Victoria is from renewable sources [33]. Thus, the environmental
impact would be enlarged if EVs are charged from electricity with renewable sources, such
as solar panels. Many houses throughout Victoria make use of solar panels that are installed
on the roofs of homes. An online survey, involving more than 1000 people, recorded that
30% of the participants have solar panels installed, and 65% have intentions of installing
them [34]. There are government incentives that are currently in place to help Victorians
get solar panels installed on their homes. The average annual consumption of a consumer
in Victoria is 3865 kWh per year [32]. Thus, a modern solar panel system should be able to
cover daily household consumption needs with the extra demand of charging an EV. The
use of EVs and renewable energy in combination would lead to a larger reduction in the
amount of CO2 entering the atmosphere.
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On average, it was estimated that the operating cost saving per commuter increased
from AUD 1.97 to AUD 3.12 each day when the AERs increased from 40 km to 100 km.
In addition, the saving per person while travelling to education would increase from
AUD 1.77 to AUD 2.79 each day when the AER increased from 40 km to 100 km. These
are significant cost savings, which could be improved with more efficient EVs and lower
electricity prices (especially with renewable sources, such as households’ solar panels). The
results also suggested that using EVs for travel to work and education would significantly
affect electricity demand. It was estimated that EVs would require up to 7.6 GWh each
day for charging, which is approximately 5–6% of the current electricity generation in
Victoria [33]. Therefore, adequate EV charging infrastructure would need to be developed
in places such as work and educational facilities, to assist in charging events that are
performed away from home. This would also be facilitated by utilising renewable energy,
such as solar panels, to charge EVs at home.

In summary, this paper has shown that EVs have the ability to replace the majority of
car travel to work and education, while benefitting the environment and users in Greater
Melbourne, Victoria. While most model parameters were assumed using current data,
it should be acknowledged that the benefits would be larger in the future, given the
improved charging efficiency and reduced energy consumption of EVs, and potentially
lower indirect emissions from electricity generation in Victoria. Similarly, if EVs can charge
at stations, at work, or at school, in addition to charging at home, there would be more
benefits. A limitation of this paper was that the potential congestion effects of replacing
conventional car travel by EVs, offsetting environmental impacts, were not considered.
Another limitation is that the analysis considered car travel to education as drivers, which
represented a small proportion of all educational car travel. Thus, the potential of EVs for
overall car travel to education, including driver and passenger trips, should be further
explored in future research. Since this paper only focused on the two main types of essential
travel, future research should further explore the potential of EVs for replacing overall daily
car travel, not just travel to work and education, considering the total car distance travelled
each day. The proposed approach was built on observed daily travel patterns, which can
be extracted from household travel survey data that are readily available in many cities
and regions, to estimate the driving distance that can potentially be replaced by EVs. The
emission and cost analyses were based on emission, energy consumption, and operating
cost rates, without complex activity-based modelling. As such, the proposed approach in
this paper can also be applied to other cities and regions to explore the potential benefits
of EVs.
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