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Abstract: Carbon dioxide emissions from fossil fuels have a lasting detrimental effect on the environment,
compounding the green house emissions. The transport industry is a major contributor to the problem; more
specifically private transportation in the form of internal combustion engine (ICE) driven motor vehicles.
Electric vehicles (EVs) are being considered as a promising alternative, but they will have an effect on the
infrastructure they rely on, namely “the grid”. This paper discusses and analyses this effect. The load forecast
is based on the energy consumption of a concept car developed by the University of South Australia (UniSA),
code-named TREV (Two-seater Renewable Energy Vehicle). The paper gives a brief overview of TREV and
estimates the impact of adopting such an electric vehicle on the environment in terms of the reduction in

carbon released due to the replacing ICE vehicles.

1. Introduction

The transport industry is a major contributor to
greenhouse gas emissions which has a
detrimental effect on the environment. This
includes personal transportation by petrol
fuelled cars.

The University of South Australia (UniSA) has
developed an electric vehicle, code-named
TREV (Two-seater Renewable Energy Vehicle)
as a concept vehicle to inspire the future
directions for commuter vehicle developments.
This paper presents a brief overview of TREV
and  forecasts the  consequences  of
implementing a fleet of cars based on the
concept of TREV in terms of load on the power
system in South Australia with the assumption
that it can be projected onto regions with
similar features globally. In addition, the paper
estimates the impact of replacing combustion
engine vehicles with electric vehicles on the
environment in terms of the carbon dioxide
released to the atmosphere [1].

2. The problem

The monumental issue of global warming is
arguably the most dangerous environmental
problem to be faced by the world in the 21*
Century. It is observed that “The largest sources
of greenhouse gas emissions are electricity
generation from coal, followed by transport
based on oil” [2].

ICE powered cars are one of the major
contributors to the greenhouse effect. Their

gradual replacement by EVs is one of the many
proposed solutions to address the problem of
global warming.

3. Electric vehicles

Electric vehicles are driven by an electric
motor, powered by on-board batteries. The
vehicles are recharged using mains power and
when a renewable energy source selected, the
transport becomes an excellent form of clean
and sustainable zero emissions energy source.
Electric vehicles are being constantly developed
all around the world. In Figure 1 below is the
University of South Australia’s Electric Vehicle
TREV. It is the main object used in the paper
for analysis and its test figures are used for all
calculations.

Fig. 1. UniSA electric vehicle TREV
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TREV has a range of 160km per charge and can
travel up to speeds of 120km/h [3]. It can be
easily driven by any licensed driver. The
vehicle weighs a mere 350kg, and is designed
for a daily commuting for one or two persons.

4. Assumptions

For the purpose of the calculations in this paper
some assumptions have been made to improve
the validity of the results:

* Type of the power supply for the fleet
* The number of cars adopted for the model
* An average travel distance per day per vehicle

4.1 Power supply

Electric vehicles can be charged using any
power outlet including General Power Outlets
(GPO), three phase outlets or higher powered
configurations. For the purpose of this paper all
power needed for charging, shall be assumed to
be supplied through a standard 10A GPO.

4.2 TREV adoption

To obtain a realistic power demand estimate, it
has been assumed that 10,000 electric vehicles
with identical features to those of TREV will
have entered the road traffic in Australia. This
is considered to be a realistic scenario in view
of the fact that it represents less than 1% of all
registered passenger vehicles in Australia [4].

4.3 Daily commuting

To calculate the daily load on the grid an
average daily commuting distance of 40.8km
per vehicle has been adopted on the basis of
figures provided by the Australian Bureau of
Statistics [4].

5. Definitions

To calculate a concise demand on the grid due
to the fleet of wvehicles introduced, some
definitions about TREV must be given. These
include:

e The battery charging characteristic of
TREV
e Daily load profile of the grid

5.1 Battery charge characteristic

The battery charge characteristic depends on the
size of the battery and the size of the charging
source. In simple terms, a battery charge
characteristic is the profile of the battery while
being charged, i.e. a plot of the input power in
the form of current versus time. This

characteristic can substantially change the
instantaneous load on the grid.
Ideally this characteristic is designed to provide
the best possible scenario for the battery
charging in following aspects:

Speed of charge
Energy efficiency
Battery life

e Charger cost

A typical battery charge characteristic will
initially exhibit the highest power possible from
the source ensuring a quick charge. As the
battery approaches full charge the charger will
reduce the output to ensure the battery is not
overcharged [5]. A good example of this can be
seen in Figure 2.

Li-lon Charge Characteristics

45, L 1200
Charge OCICV @ 104.2v during 2.5 |

Valtage 000
<« \ 00§
= 600 3
2 o
= £
5 g
S 00 &

200

~—__Curent
0 — Y]
[ (3 10 15 20 25

Charging Time (h)
Fig. 2. A typical charging curve for a battery
[3]

In the case of TREV, a Lithium Ion Polymer
battery pack is used, made up of 36 cells
connected in series each with a capacity of
40Ah at a nominal voltage of 3.7V. This results
in an overall nominal battery voltage of 133V
leading to a capacity of 5.3kWh [3].

In Figure 3 the above charge characteristic can
be seen for one cell within the battery. This
characteristic is for three levels of current 80A,
40A and 20A. For the purpose of this paper all
charging is assumed to be completed via GPO
of which the maximum current is only 10A.
Therefore the charge profile is a longer three
hour curve, where the battery is charged at
2.3kW for two hours and then at 0.7kW for an
additional hour.
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Fig. 3. TREV battery cell characteristics [3]

5.2 Daily load profile

The daily load profile is a curve showing the
demand on the grid every hour for a whole day
due to a fleet of 10,000 EVs. For simplification,
this curve is assumed to be the same everyday
of the year as the instantaneous demand is
difficult to estimate.

The model [6] adopted in the paper assumes
that the bulk of battery charging will occur
during the time between 8pm and lam.
Residual charging will occur throughout the day
randomly. An assumed charge pattern is
illustrated in Figure 4. The random variation
between lam and 8pm reflects the modelling
uncertainty in this conceptual model where no
actual power levels are assigned to the variation
of the charging power load [7], [8].

Daily load profile

1
\ I
\ |

WL

SRS S
R I RO NS o@o@
AP PO ® °x°u°b°q,° 000
Tlme of day

Load demand [MW]

Fig. 4. Daily load profile curve

6. Load calculations

With the above assumptions, an overall load
estimate can be attempted for a fleet of 10,000
electric vehicles. The first estimate is related to
the number of charges needed per week for an
average driver using TREV as their daily

(v LIN3HEND

109

commuter vehicle. The average commuting
distance and the range of TREV stated
previously are to be used. The weekly charge
requirement for the vehicle can be calculated
through a simple ratio of the weekly travel
distance and the charge distance (range) of the
vehicle.

Weekly travel = 40.8km x 7 = 258.6km
Range = 160km
258

1a0= 2 charges per week

Therefore, assuming the battery capacity of
TREV, the weekly load per car would be:

2% 5.3kWh = 10.6kWh
And the daily load would be:

10.6kWh
——— = 1.514kWh per day per car

Consequently, the annual demand would be:

1.514kWh x 365 =
0.552ZMWh per car per annum

The load demand of all 10,000 electric vehicles
per day would therefore be:

1.5145kWh > 10,000 = 15.140MWh per day

This constitutes an annual load of 55.2GWh for
the whole fleet of 10,000 electric vehicles.

The above results can be put into perspective
when compared with the yearly average power
consumption of 1IMWh per annum for an
average household [9]. Therefore the yearly
load of one TREV-like vehicle amounts to just
about 5% of the total energy consumption of an
average household.

7. Effects on the timing of fleet charging

The charging times of the fleet are critical in
terms of the effect on the grid, as the price of
electricity and the generating source will
change in accordance with the time of day and
the electricity market supplying the power [10].
Markets are numerous, but for the purpose of
this paper two such markets are discussed
providing the following:

e Baseload power
e Peak power/Load following power

It is the balance of these markets that is crucial
for the introduction of the electric vehicle en
masse as each has a different effect on both the
consumer’s pocket and the environment.
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7.1 Baseload power

Baseload power is supplied at a constant rate
round-the-clock and generally supplied by the
cheaper forms of energy sources such as brown
and black coal, considered to be dirtiest sources
of energy. Consequently, there is a heavy toll
on the environment.

Baseload power is maintained at a constant
level around the clock and can not change its
output power dynamically to suit changes in
demand [10].

7.2 Peak power/Load following power

Peak power and load following power are
called upon during times of high and extremely
high loads where baseload can not supply the
demand. To generate this power, plants that can
be turned on almost instantly are used,
deploying quick action prime movers such as
gas turbines. These plants are only turned on for
a short time. They are characterised by low
efficiency and high operating costs, The price
of electricity is highest when peak power
demand occurs. Thus it stands to reason to
avoid electric vehicle battery charging during
peak demand periods and use basepower
instead as stipulated above [10].

8. Carbon saving

Although the introduction of electric vehicles
will cause an increase in demand on baseload
power supply, it will indirectly reduce carbon
emissions due to the replacement of internal
combustion engine (ICE) powered passenger
vehicles. It is this changeover that will cause
benefits to be felt by the environment.

To illustrate, TREV will be compared with
Holden Commodore, an average size family car
manufactured in South Australia. According to
the manufacturer, a Commodore generates 264

of CO2z per [11]. By

comparison, considering the worst case scenario
for TREV, with all the energy to charge being
drawn from baseload sources using black coal,

the COz output is 957 grams per kWh [12].

This constitutes 31 grams per kilometre
travelled for TREV. Therefore for every ICE
vehicle taken off the road, eight TREV vehicles
may be put on the road for the same level of

grams kilometre

COz emissions.

9. Conclusions

Electric vehicles constitute a plausible option
for the future with a positive effect on the
environment. However, if and when introduced,
the effect they have on the electricity grid must
be contemplated and controlled, ensuring an
optimal daily load profile for the electricity
supply grid. Among other methods, this could
be achieved through the implementation of
smart novel battery development and charge
management processes.

10. Acknowledgements

The authors wish to thank Dr Peter Pudney,
Senior Research Fellow, Centre for Industrial &
Applied Mathematics, UniSA, for his
instrumental contribution to the electric car
project.

11. References

[1]. Pirgousis C.T., Electric vehicles — the effect on
“the grid” and the environment due to their
introduction,. Honours paper, School of Electrical
and Information Engineering, University of South
Australia, 2008.

[2]. Diesendorf M. ,,Greenhouse solutions with
sustainable energy”’, UNSW Press book, First
published 2007.

[3]. TREV Home page, University of SA, viewed 17
June 2008,

http://scg.ml.unisa.edu.au/solar commuter/energy st
orage/battery.html

[4]. Australian Bureau of Statistics, Survey of Motor
Vehicle Use, Australian Bureau of Statistics, 7
September 2006.

[5]. http://www.uniross.com/images_industrial/
/Curve-13_liion-charge.gif, viewed 9 Nov 2008.

[6]. Collins M. M., Mader G. H., The Timing of EV
Recharging and Its Effect on Ultilities, IEEE
Transactions on Vehicular Technology. VOL VT-
32, No.1, February 1983.

[7]. Haskew T. A., Lindly J. K., , Impact of electric
vehicles on electric power generation and global
environmental change, Report No. 69, College of
Engineering, University of Alabama,2002.

[8]. Ford A., Electric vehicles and the electric utility
company, Energy Policy 1994 Volume 22 Number
7, 1994.

[9]. The Office of the South Australian Independent
Industry Regulator. Electricity consumption of small
customers in South Australia, viewed 25 October
2008,
http://www.escosa.sa.gov.au/webdata/resources/files
/020802-1-SmallCust.pdf.

[10]. Kempton, W., Tomic J., Vehicle to grid
power fundamentals: Calculating capacity and net



Zeszyty Problemowe — Maszyny Elektryczne Nr 81/2009 111

revenue, University of Delaware, Newark, 11 April
2005.

[11]. Newton B., The age drive.com, viewed 26
October 2008.
http://www.drive.com.au/Editorial/ArticleDetail.asp
x?ArticleID=56586, August 30, 2008

[12]. Department of Energy, Carbon Dioxide
emissions from the generation of electric power in
the United States, October 2000.

Authors

The authors are with the School of Electrical and
Information Engineering, University of South
Australia, Mawson Lakes 5095, South Australia

Constandinos Tony Pirgousis
is a recent graduate from the
University of South Australia
and is successfully employed
in the power industry for
Origin Energy. He graduated
with a first class honours BEng degree in Electrical
and Mechatronic Engineering with his final year
project being the design and implementation of a
BLDC motor controller for an electric vehicle.

His major interests are renewable energy and the
future of the energy infrastructure. He is currently
striving towards achieving his Chartered Engineer
status and hopes to achieve it within the next three
years.

Email: kpirgousis@gmail.com

Andrew Nafalski's career
includes assignnments in
academic and research insti-
tutions in Poland, Austria,
Wales, Germany, France,
Japan, USA, Canada, and
Australia. He holds
BEng(Hons), Grad DipEd,
MEng, PhD and DSc
. degrees.
He is Chartered Professional Engineer and Fellow of
the Institution of Engineers, Australia, Fellow of the
Institution of Engineering and Technology (UK),
Senior Member of the Institute of Electrical and
Electronic Engineers (USA) and Honorary Member
of the Golden Key International Honour Society. He
is currently a Professor of Electrical Engineering at
the University of South Australia in Adelaide. His
major research interests are related to
electromagnetic devices, magnetic materials and
technologies as well as innovative methods in
engineering education. His teaching areas cover
analysis and design of electrical circuits and devices,
electromagnetic compatibility and information
technology. He has published over 300 scholarly
works in the above fields. He has been leader of

e

some 40 technical and educational research and
development projects attracting

some AUS$2.3mln. He has received numerous
national and international awards for excellence in
research, teaching, engineering education and
community service.

E-mail: andrew.nafalski@unisa.edu.au

Zorica Nedic received her
MESc degree in electrical
engineering, specialising in
electronics, from the
University of Belgrade, former
Yugoslavia. She obtained her
ME in electrical engineering
(control) in 1997 from the
University of South Australia
(UniSA), Adelaide, Australia.
She worked for six years as a research and design
engineer at the Institute Mihajlo Pupin in Belgrade.
Since 1991, she has been working as a lecturer in
electrical engineering at the UniSA. She is currently
undertaking research toward her PhD at the UniSA
in the field of modeling biological vision.

E-mail: zorica.nedic@unisa.edu.au

Ozdemir Go6l  has  had
# extensive experience as an
engineering  educator  in
addition to his substantial
industrial ~ experience. His
academic career has included
teaching and research in
electrical  engineering  at
universities in Turkey,
Australia, France, Belgium Switzerland, Finland and
Greece. He holds the degrees of MESc, ME and
PhD, all in electrical engineering. He is currently
Associate Professor at the University of South
Australia. His research interests have been focussed
on electrical machines and drives, and include
modelling and simulation of electrical machines
using numerical methods, design optimisation of
electromagnetic devices and condition monitoring of
electrical machines. He is the recipient of several
national and international awards for excellence in
research, teaching, engineering education and
community service. He is the author and co-author
of some 300 publications.
E-mail: ozdemir.gol@unisa.edu.au




112 Zeszyty Problemowe — Maszyny Elektryczne Nr 81/2009



