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ABSTRACT

Electric vehicle technology presents new opportunities to the transportation sector and car
manufacturers worldwide. However, this development is becoming a concern to utility operators when
a large number of electric vehicles are charged simultaneously, which overloading might occur,
especially during peak hours. This condition can affect the stability of the grid. Since electric vehicles
are considered as an additional load to the power grid, a suitable charging coordination must be
presented in order to optimize grid operation. This study implemented an electric vehicle charging
schedule on an IEEE 33-bus residential network using evolutionary programming for optimization.
Some constraints, such as power and voltage limits of the grid were taken into consideration to ensure
the efficacy of the proposed optimal charging strategy. Simulation results showed the comparison
between uncoordinated and coordinated charging schemes in terms of daily load curve and EV
operating costs. Three case studies were analysed for coordinated charging based on different charging
periods. Electric vehicle charging rate is varied in order to determine the minimum operational costs.

Keywords: charging coordination, cost minimization, electric vehicle, evolutionary programming

INTRODUCTION

Electric vehicles (EV) can be considered as one of the evolving technologies in recent years.
EVs invention is an alternative to achieve environmental conservation by reducing carbon
emission. Compared to the conventional internal combustion engine (ICE) transportation [1],
EVs are expected to be accepted and popular among vehicle users in the near future. High EV
penetration comes with the risk of degrading the reliability and distribution performance of the
power grid [2]. Simultaneous charging of EVs, especially at residential nodes, will impose a
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serious impact on peak demand and increase power transmission loss [3]. Thus, it may increase
the operational costs, in terms of replacing new equipment and maintenance [4]. This study
aimed to coordinate EV charging using EP optimization technique. The algorithm considered
24-hour electricity price data, and varied EV users’ charging rate and time in order to achieve
the minimum operational cost. This method also maintained grid operation within the normal
voltage and power limit, especially during peak hours. The uncoordinated and coordinated
charging results of three case studies were compared and discussed.

SYSTEM MODELING

An analysis was performed on a residential distribution system by considering a 24-hour load
profile and energy market pricing. A distribution system of 415 V IEEE 33-bus, as shown in
Figure 1 is used as the test network in this study. In this study, EV charging is assumed to occur
at home and not at the charging station. EV users are assumed to be using their EV as their
daily transport that they can use for a short distance, such as go to work, send their kids to
school or go to shopping malls for groceries. After returning home from their respective
activities, users can directly charge their EV overnight. A typical residential daily load curve
is used to model the domestic load variations within 24 hours. This curve was based on real
data captured from a distribution transformer [4]. Domestic EV chargers are assumed to be
rated at 4 kW per hour. Battery capacity is important to determine reasonable charging profiles
for all EVs. In this study, all EVs were assumed to have a maximum battery storage capacity
of 16 kWh, with state of charge (SOC) from 0 percent to 100 percent [5]. Therefore, 4 hours
would be needed for all EVs to be completely charged. Cost minimization is considered based
on hourly electricity prices of the open market.

132435
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Figure 1. Distribution Network System

METHODOLOGY

The minimum cost function is shown in Equation (1), where the cost function is the summation
of charging hour price. Fev :fev ¢« is formulated in Equation (2), whereby EV charging load, fv
v is multiplied by the EV charging rate. The charging rate is optimised in the algorithm to
choose when the car would need to charge at a full rate and when it would need to charge at a
lower rate. Flowchart of the optimization technique based on the EP algorithm is shown in
Figure 2.

chr = Eg:?[&w_r * Pﬁcgr_i]Frmr = ZE:id[Peu_r * Pﬂcgr.i]Frmr = Eg:?[&w_r * P‘J":'Cgr_l-]
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Figure 2. Optimization Process Flowchart

RESULTS AND DISCUSSION

Impacts of EV charging were presented for both uncoordinated and coordinated charging
schemes. In the coordinated charging scheme, the optimal charging rate of EVs to achieve
minimal cost is evaluated by comparing three case studies of different EV charging periods, as
shown in Table 1. The coordinated charging scheme using EP algorithm was expected to
distribute EVs charging over the designated charging period, while achieving the objective of
minimum operation cost. The stability and safety of the grid was ensured by following the
operational constraints set in the algorithm. Result for case no. 3 is given in Figure 3 showing
that the coordinated charging led the load from EVs charging to be shifted from peak hours to
off-peak hours. Data of optimal charging rates and total costs are summarised in Table 2 for
both uncoordinated and coordinated schemes.
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Table 1. EV Charging Schemes and Case Studies

Case no. ‘ Charging scheme/time

Uncoordinated charging
‘ 5:00 pm - 9:00 pm (4 hours)

Coordinated charging
1 5:00 pm - 2:00 am (9 hours)
5:00 pm - 3:00 am (10 hours)
3 5:00 pm - 5:00 am (12 hours)

Table 2. Summary Results including EV Charging Hours, Energy, Charging Rate, and Total Cost

Uncoordinated charging Coordinated charging
Casel Case2

time | Energy | Cost Rate | Energy Cost Rate | Energy Cost | Rate | Energy Cost | Rate

(h) | (kwh) | (5) (kwh) | (5) (fwh) ] (kwh) (8]

1 154034 |5082 |07 |167.234 5519 (03 |127634 |4212 |03
2 127.18 2435 |09 | 1404228 3719 |08 |16683  |4504 |03
3 137007 |2741 |1 |s4226  |1885 |08
4 13365 |2272 |1
5 2085 [13714 |04
17 |32557 |279%9]1

18 | 32557 [19.209]1

19 [205 |13451)1

W |2077 |1267 |1

2

n u01  [17287]05 | 239555 1724802 |160355 | 11546 0.2
23 229046 9853 |09 |179545 772 |1 | 205946 |85 |03
24 198737 [8546 |1 | 159137 6843 |07 [931%7  |4005 07
Totalcost | 73.329 44,204 43.788 38.454
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Figure 3. Daily Load Curve with Coordinated Charging (Case 3)
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This paper proposes the EV charging coordination for an IEEE 33-bus residential distribution
system to minimise the operational costs using EP algorithm. The simulation results are
presented and compared with the uncoordinated and coordinated charging schemes. The
charging rates of EVs were optimised throughout the programming process. The EP method is
proven to be practical and shows good convergence properties. The proposed algorithm has
also successfully achieved the objective of minimising the operational costs of EV without
violating network conditions. Future studies may consider larger aspects of variation in other
parameters, such as battery capacity, EV penetrations, and pricing scheme.
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