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Abstract—This paper explores the current electric vehicle
landscape in Australia and briefly examines the cuent
research on smart charging. From this, a concept fa customer
charging interface is proposed with additional featres
suggested to improve use-ability by a wide range @onsumers.
Next, strategies for accurately modelling the energ
management of electric vehicles are advised to allofor the
proper analysis of different charging schemes. A darging
strategy with a dynamic pricing scheme to allow fleible
charging options for the customer is then developedhich has
the potential to be implemented relatively easilyTo conclude
the paper, recommendations are made to fully reales the
benefits of grid-integrated electric vehicles.
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I INTRODUCTION

The re-emergence of electric vehicles is heraldingew
age of transport and energy as concerns for clirobtage
and limited fossil fuel supplies drive the develapof more
efficient modes of transport. Electric vehicles @\vere
first built in 1891 following the popularisation @lectricity
and shared the market with internal combustionrengiCE)
cars. However, ICE vehicles were initially favoureser
electric vehicles due to the availability of gaseliand the
limited range of EVs [1] .

In more recent times, there has been an increasiad to
shift to more low emission sources for both finahcnd
environmental reasons. With rising oil prices angst#alia’s
transport sector producing substantial carbon eamiss
electric vehicles (EVs) are once again becomingiable
alternative to petrol driven cars. EVs don't requiuel and
instead
renewable energy sources. When receiving power fitoen
latter, they can be considered zero emission vehicThey
are ideal for metropolitan areas as they producairamrne
particles, produce less noise pollution, and h&es kervice
requirements than ICE vehicles [2].
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The main concern with an increased uptake of E\émnis
increase in load on the power grid [3]. Numerousligts have
been conducted to evaluate the potential impactEwf
charging on power distribution systems. Articles
[4],[5],[6].[7], and [8] investigate the impact d&Vs (both
hybrid and fully electric) on power systems andifthat the
system is likely to suffer an increase in peak laadvell as
increased power losses if the vehicles are chaigedn
uncontrolled manner. Paper [9] explores the effé¢s will
have on distribution congestion and reports thatriiution
congestion is likely to occur if EV uptake is gezathan 11%
(that is, 11% of residential cars are electric vks).

Further studies have investigated a variety ofesystto
efficiently charge EVs. The most commonly proposed
method of mitigating the impact of EVs on the powed is
to use emerging smart grid technology to chargeséecles.
There are various definitions of what exactly cidotts a
smart grid but the general consensus is that atgndris a
self-healing electrical network that intelligentiptegrates
households (and other users) connected to the thud
encouraging customers to have an active participati their
energy needs. This results in a more efficienttasnable
form of energy supply [1].

Currently in Australia, smart grid technology igl sh its
early stages. Victoria first introduced smart meténto
residential homes in September 2009, and sevelr ot
power companies (Essential Energy, Ausgrid, andeBwour
Energy) have undertaken trials involving advancestening
technology in the last decade. Despite the humebeusfits
this technology can offer customers, concerns &ss lof
privacy and control over electricity demand hasalisaged

receive their power from power stations amgnsumer engagement in smart grid initiatives [10].

For the successful integration of electric vehidtge the
smart grid to be possible, it is essential thatamsrs are
encouraged with clear information and financiakintives to
responsibly manage the smart charging of their car.
Customers will require information regarding theinergy



consumption and real time pricing information viehome
and in-car displays with programs that require thermake
the fewest explicit decisions [10].

customers with financial incentives to charge afteak time.
In Victoria, the demand management research project
examined how easily such a strategy could be impited.
They found that delaying the charging of cars tépefak

The purpose of this paper is to examine the exjsti perio_ds_was sufficient to manage the extra loathersystem.
research into the future potential of EVs and ubis tQu_alltatlve research was also u_ndertaken to gaugmmer's
information to guide the development of a userrfate for attitudes towards smart charging. The report showred
EV customers, a model for energy management of E{f@ancial incentives would encourage off peak cheggand
connected to the smart electricity grid, and cdnsteategy that simple user interfaces allowed for better ghar
for grid-integrated EVs. This will be used to idéna range Management [17].
of recommendations for consideration that will halpfully
realising the benefits of grid-integrated EVs. In Queensland, Ergon energy has just completethiasi
project and determined that managing peak demand by
providing customers with more charging options wasalid
strategy. The trial also highlighted the impactttdaving
habits would have on charging behaviour (customgis had
to drive farther preferred on demand charging) .[IBhe
fifdings for both trials showed the potential oédooffsetting
to create an unwanted second peak which is nok idea

. EXISTING RESEARCH AND PROPOSED

STRATEGIES

As previously mentioned, customer engagement
essential to realising the full benefits of gridteigrated
electric vehicles. Several studies have been cdeduto
gauge people's attitudes towards EVs (i.e. purchase ) ) ) i i
motivations, preferred charging style) and undextavhat The smart charging of electric vehicles is still an
barriers need to be overcome to increase theikaptaticles ©Merging area of study. As such, most of the ctinesearch
[11] and [12] showed that running costs, environtakn into more complex m(_ethods is purely simulated. Aety of
impact, and ease of charging were important faciars different smart charging methods have been thedyrieae
considering the purchase of an EV. Article [13] calsP€ing coordinated charging [19-21]. The general afn
elaborated on the necessity of having a charginigt pat coordinated charging is to charge cars in a marhat
home as well as the option for fast charging anthdothat flattens the load profile of the power grid ovee ttourse of

the top three incentives for purchasing an electsbicle the day. Article [19] uses an optimization algamith
were tax exemptions for the car, free parking aotl t formulated to minimize variations in the power Idaaim the

discounts.

Some of the research into electric vehicles hasnb
examining the link between a battery’s state ofrgagSOC)
and the load profile of the grid. Theoretically, battery
charges at the same rate of energy demand regaafl&OC
when charging with constant power. This is confidnia
articles [14] and [15] where it is shown that thed gwill
experience a constant level of load for the time tar is
charging. The latter paper further explores the atahprofile
of an EV battery charging under different condiforit
showed, via both simulation and with real composetiitat a
constant current charging scheme results in upntd 1a4%
increase in load when charging approaches workoitage
(ie 90% charge). This can be explained by the baste
increase in voltage as it approaches full chargeh@ current
is constant, an increase in voltage will resulaimincrease in
power). These articles also confirmed that decngashe
efficiency of the charger resulted in an increaskdrging
time and recommended that the SOC gets no lower2B&6
for battery health.

The uncontrolled charging of EVs (often referreda®
dumb charging or on demand charging) has been sx&n
examined and is often used as a baseline for congpére
impacts of different smart charging schemes on pgeaH.
Unlike dumb charging,
minimise peak load and flatten the overall load fifgo
through a variety of methods. [16] One of the msimaple
smart charging methods is load offsetting whichoemages
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mean. This optimization model resulted in a flagkioad
profile due to EVs being scheduled by the prograroharge
ein off peak times.

Articles [21], [22], and [23] examine the efficignof the
real-time coordination of EV charging with a timé wse
tariff initially sorting the vehicles into differénpriority
zones. As mentioned previously, customers deseeability
to control how their cars are charged so a methia this
could be easily implemented.

Another important component of smart charging thes
been investigated is vehicle to grid (V2G) and gkhito
home (V2H) charging. That is, using an electric ivlels
battery as a distributed energy storage resourdp Rticle
[24] examines the potential benefits of using Etdages as a
storage device for the smart grid which includeslishifting,
outage protection, and peak shaving. The papereaiamines
how the integration of EVs into the smart grid ebualitigate
the negative impacts of fluctuating renewable sesir(solar
and wind power) and highlights possible challendges
successful V2G integration. Article [25] discussése
potential of V2G capable vehicles to make grid nggmaent
cheaper and power more reliable and stable thraatjhg as
storage for renewable energy sources and replating
critical services such as spinning reserves. Thenpial of
G and renewable energy integration is also explan
article [26] which supports the theory that V2Ghealogy
reduces system costs for energy providers. It eE&es the
issue of battery degradation due to constant chgrgind



discharging and suggests that battery cycle lifedeeto be would enable the car to be charged in the mosthmpti
improved before V2G strategies can be financiaipdficial manner.
to car owners.

The in-car monitor would hopefully have a few laaga

M. DEVELOPING A USER INTERFACE FOR options as well as larger font options for peoplthwisual
CUSTOMERS impairments, with the interface being audible ifeded to

ensure that it is accessible to a wide variety edgbe. After

Based on the information yielded from consumer eysy the System has been in place for a while, prephafging
running costs and convenience of charging are ivepprtant Schemes could possibly be implemented for users wit
factors in the decision to own an electric vehidius an régular charging pattern which would result in adictable
intuitive charging interface is necessary for colimg how 108d demand. There is also the opportunity for the
the electric vehicle will be charged. The monitarigerface development of a phone/tablet application whichidaet as
will have to be convenient and simple for the costoto use @n in-home interface for the charging station amdnoonitor,
as well as give them full control over how theirr ga conveniently allowing the customer to check on rthear
charged, especially in regards to charging costtfie to be from inside their house.
possible, the car owner will need to be suppliethvihe
following information via the interface: For V2G and V2H capability, it is essential thag ttar's

power supply is bidirectional in nature. That ibge tcar's

R inbuilt inverter which is used convert the battpower to AC

. g?rﬁiiﬁf)r?rﬁr?ﬁeogwde gaettei:‘yit’s at peak load current to power the motor should also be able up_plly

o power from the battery to the home or grid. It isoa

whether it has the ability to charge the camportant that it matches the voltage and synchemithe

battery) resulting signal to line phase [28]. The in-car itmmwould
* Whether the grid/home can receive power froive able to communicate with the inverter as the N2®
the battery capabilities are to be used at the customer's atiear to

« Pricing (how the charging price will changeensure sufficient battery reserves in the eventéieneeds to

depending on the impact of the grid -> pricin§® driven for an emergency.
curve should be similar to the shape of the

expected load profile) [27] IV.  MODELLING THE ENERGY MANAGEMENT
» Car's electricity consumption by hour, day and OF ELECTRIC VEHM'SFEESG%?DNNECTED TO THE

week (tracking when the car is actually being

charged
ged) For the purposes of this paper, only the activify o

*  Average charging time/cost for car residential cars and at home charging will be aersid for

* V2G/VZH charging statistics _ energy management. Several factors need to bedeoadi
* Further information which may benefit customefor modelling driver behaviour. These include driyi

includes: distance, driving and plug-in time, time of day ¢@mgestion

e Comparison of the car's energy consumption tegually occurs at specific times during the dayy of the
other cars week, and battery SOC. Micro simulation softwarehsas

« Bill forecast for the car MATSim [29] can be used to provide data represgntin

. Budget target (to help manage costs) individual cars plugging in to charge.

e Advice on saving costs on charging and battery

power Spatial modelling can also be incorporated if it is

predicted that certain suburbs would have a greater
For the monitor to provide advice on saving battemqgercentage of electric vehicles [5, 7]. This infatian is then

power, it would need to have GPS functionality.SThiould combined with existing data for the charging pesilof EVs

enable the monitor to keep a log of the car owneriging (charging time, load while charging) to yield arpagximate

patterns and habits, and then suggest changesitadtiving model of vehicles connected to the grid.

such as providing more efficient driving routes.

The effects of different charging schemes can then
The interface would also allow the customer to tnpu simulated using this model through software such as

range of information which would optimise the chagy MATLAB [23]. For proper comparison, the system'sido
scheme for their car. This information would insudesired profile without EV charging and the system's loadfite
charging time (i.e. what tariff they wish to chargm), with dumb charging could both be used as baselioes
whether they want to opt-in for V2H/V2G chargingpected determine the effectiveness of different chargitigtegies at
departure time (to ensure their car is chargednie) and flattening the load profile. The load profile datauld come
expected driving time/distance before charging mg@ihis from existing information from power companies tasere
information, as well as the predicted load on tbevgr grid accurate results. It's expected that different orgi would



have different load profiles due to factors suchcastomer
demographics, geography and weather.

V. DEVELOPING A CONTROL STRATEGY FOR

GRID-INTEGRATED EVS

The main objective of the charging control stratégyo
minimise costs for both the customer and power idev
Thus the scheme should encourage car owners tgelodf
peak where charging costs will be decreased. Custmill
be given the option to select the time they wishirtiear to
start charging, this decision will be based on rteximum
rate they're willing to pay for charging their cdas
mentioned previously they will be given an hourlsicing
guide). They will also have the option to opt-im f@hicle to
home/grid charging during peak (if the chargingeithey
selected was not during peak hours).

The pricing scheme would likely be based on antiexjs
tariff of the energy supplier. For this paper, Ergopricing
tariffs will be used as a basis. During peak houte
charging price would be close to the highest tasffd
conversely during the time when the load on thd griat its
lowest the charging price would be closer to theelst tariff.
Depending on people’s preference for particularrging
times, it is expected for this pricing scheme targde on a
monthly, weekly or even daily basis to discourage t
creation of secondary peaks.

During peak time the car will provide power to theuse
to reduce some of the peak load if permitted byctreowner
and not already charging. With vehicle to home gimay, it is
ideal that a certain percentage of charge remainshée
battery in the event that the vehicle needs to $edun an
emergency. As the recommended charge remainingnen
vehicle is 20% for battery life [15], a minimum S@E30%
should be sufficient for emergency trips. Sincesiassumed
that the house already has smart grid infrastrecimirplace,
the in-car monitor and power supply would also bée ao
detect if there is an increase in load from thesko{such as a
washing machine turning on) and compensate for Itas
increase.

Otherwise, if the grid allows for charging of a mamer’s
vehicle before their desired charging time, thewitircharge
at half load until fully charged or until the desir charging
time is reached from which point it will continue ¢harge at
full power.

Figure 1 below shows a breakdown of the chargima.pl
In the figure, "X" represents the maximum systemd|ahat
will allow for charging (which would be 90-95% did peak
load), and "Y" represents the minimum SOC of théena
(~30% to allow for emergency trips).

Another charging option which could be explored enor
the future is using refurbished EV batteries as extra
charging source for the car. These batteries cbeldharged

Once the car is plugged in to charge, the monitii wfrom the house during the day via the grid or thade’s own

check if it is the desired charging time. If so,will then
check if the load on the power grid is less thaeain value
(i.e. 95% of peak load) and commence charging i$ iess
than this value.

solar panels, if present. In the afternoon/niglet ¢ar could
then be charged mostly from the extra batterieshowit
impacting on peak load.
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Figure 1 - Simplified Diagram of Charging Schemelfwlividual Car



VI. CONCLUSIONS AND RECOMMENDATIONS

10
As one can see, there is still a lot of researdbetdone in{n{
the field of electric vehicle integration and, vehgimulated
research have seen encouraging results, more redt w
testing needs to be done to confirm these outcorfike. [12]
possibilities for V2G and V2H technologies in peutar are
looking very promising. [13]
In order to fully realise the benefits of the giidegration [14]
of EVSs, it is highly recommended that a flexible charging
scheme is implemented with the option for ownerpriwvide
power from their car to their house or back inte ¢nid. This [15]
ensures benefits for both the power company and the
customers, the customers are able to save mone)hamd[ 6]
more control over their charging habits while thewpr
company experiences less strain on the power grid.
[17]

Further research into improving the grid-integatiof ;g
EVs involves investigating the practicality of E\dtteries as
storage for renewable energy sources, consideratprs
other than system load and customer preferences
scheduling the charging of vehicles, and explorithg
benefits of other smart charging technologies. s paper
serves more as a guide for developing an efficarirging
system for EVs, this would hopefully encourage the
development of a prototype charging module to ¢este of
use for customers as consumer involvement is éakémthe
success of electric vehicle integration into theagrgrid.

in
[19]

[21]
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