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Abstract. Minimise dependency of energy from depleted non-renewable had pushed the usage of electric
vehicle (EV). However, the presence of charging station (CS) may cause another impact such as higher
power loss, especially involving uncoordinated CS. The impact becomes vital when the numbers of CS to
charge the EV increased dramatically. From research, CS at residential usually operated during off-peak
load. Furthermore, the variation of the charging pattern that difficult to perceive had added severe condition.
Thus, the exploration of the mitigation method is necessary to avoid the stress at the existing distribution
network. This paper suggests a coordinated method based on the power loss forecast throughout the
charging time. The method will prioritise the buses based on power loss impact on the network, which later
to determine the suitable numbers of CS operation. The approach considers customer satisfaction to charge
the EV at a specific duration fully. Thus, to present the effectiveness of the approach, the analysis
conducted using a suitable distribution system with residential block. The results show a positive outcome
in enhancing distribution power loss without interrupt customer satisfaction. The method is suitable to deal
with many CS that operates simultaneously during off-peak load.

1 Introduction

From numerous visions by every country throughout the
globe, EV expected to become significant for future
modern transportation. Although EV offers a short
driving range and the stress of significantly delayed time
to recharge compared to the conventional vehicle, EV
also provides the long-term solution to environment
issue [1]. From the environmental view, EV capable of
decreasing needs on the fossil fuel transport division,
with reducing carbon dioxide and heat emission [2].
Furthermore, from the forecast, EV global usage
expected to grow from more than one million in 2017 to
eleven million by 2025 and stay raised more than thirty
million by 2030, with about one-third of the global
transportation moving to electric by 2040 [2-3].
However, the spread of EV usage may create another
problem, especially during charging of EV battery [4-6].
The impact becomes critical while involving large-scale
penetration of EVs, which can harm the power quality,
reliability, and stability of the grid, especially without
adequate mitigation [3-8].

There are two common approaches for EV
charging coordination which are decentralised and
centralised [7-13]. Decentralised approaches usually do
not require robust communication infrastructure for data
exchange between customer and aggregator compared to
the centralised approach. For example, the centralised
approached require data from customers such as battery
SOC, plug-in and plug-out time to forecast the load
demand. Other than that, centralise approach manage to
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achieve comprehensive performance due to global
coordination compared to decentralised. Although the
centralised involve higher infrastructure investment, the
outcome is valuable for a long term vision. Various
researchers propose the centralised method in
coordinating EV based on scenarios and objective
function. For instance, many types of research strived at
enhancing the power quality of the grid by executing
various approaches and strategies, such as adopting
demand-side management and installing additional
reactive devices at an optimal location in the network [5,
6]. Next, research at [7] shows that by coordinating the
EV charging may reduce the cost by shifting the EV
charging loads and also able to accommodate more CS
operation in the network. Other than that, the better
coordination between generation and EV charging also
produce optimal power flow in the distribution system
[8]. Also, research at [9] validated dynamic charging
based on a two-stage hierarchical decision-making
process which able to manage thousands of CS in real-
time. Jian L et al. [11] proposed a valley filling strategy
scheme to coordinate CS operation. The scheme
introduces capacity margin index and priority index
which used to select the target time state on which the
grid has sufficient excess power for EV charging and to
ascertain the charging priority of EVs, respectively.
Therefore, this research proposes the proper
method for coordinating CS operation in centralise
environment with the assistance of meta-heuristic
techniques. The research concentrate on lowering total
power losses with high customer satisfaction during off-
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peak load. The proposed method will look at the best
time to charge the EV battery depending on distribution
system condition and battery sizing. Since there are two
objective function involve, multi-objective which is
weight summation approached will be adopted.
Additionally, the profile of load and CS will apply useful
data from earlier research. Hence, in the means of
optimising the charging strategies, precise parameters
such as the variation of loads and battery state of charge
(SOC) are considered. This paper arranged into five
sections. The first section explains the significance of
charging strategies and popular research focus while
Section 2 defines in detail the significant parameters
modelling such as distribution system network, EV
battery, CS characteristic, load profile and objective
function. Next, section 3 pointed on the methodology in
determining the optimal charging sequence based on the
bus priority with the assistance of metaheuristic method.
In section 4, focus on outcomes and the discussion on
the results while the research conclusion in Section 5.

2 Problem Formulation

These sections will concentrate on modelling the
distribution system by considering CS locations. Next, to
concentration on the relevant formula to determine
battery SOC based on open-circuit voltage theory and its
efficiency. Moreover, the typical load profile and CS
pattern design also presented. Then, the formula of the
multi-objective functions, which are power loss and
customer satisfaction, will be detailed out.

2.1. Distribution System Modelling

The distribution system demonstrated based on typical
load variation and CS operation. In the direction of
viewing the real-world application, IEEE 23kV 10-bus
radial distribution system applied for this research with
added two 415 V low voltage residential block that has
19 buses each as per represented in Figure 1. Employing
the research emphasis on bulk CS operation, every
residential block buses will be placed one unit CS which
designed to charge one EV only as per illustrated in
Figure 2. Then, the line data for residential block is
presented at Table 1.
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Fig. 1. IEEE 10-bus radial distribution system with two
residential blocks.
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Fig. 2. 415V 19-bus residential block with CS.

Table 1. Line data for residential block network

@ Tt w 2} = =
10 10 a 0.0000 0.0654
11 a b 0.0415 0.0145
12 a p 0.0424 0.0189
13 a s 0.0444 0.0198
14 b c 0.0369 0.0165
15 b 0 0.0520 0.0232
16 c d 0.0524 0.0234
17 c n 0.0005 0.0002
18 d e 0.2002 0.0199
19 d m 1.7340 0.1729
20 e f 0.2607 0.0260
21 f g 1.3605 0.1357
22 f k 0.1400 0.0140
23 f 1 0.7763 0.0774
24 g h 0.5977 0.0596
25 g i 0.1423 0.0496
26 | ¢ ] 0.0837 | 0.0292
27 | p q 03123 | 00311
28 q r 0.0163 0.0062

2.2 Battery and CS Modelling

Typically, EV comprises a battery to store energy that
will be wuseful for driving for a certain distance
depending on battery size. Plenty of battery sizes
designed based on customer distance specification and
necessity. Besides, CS being design based on different
output depends on customer request such as low
charging current if the customer has sufficient time (4-7
hours) to charge fully and slightly higher current if the
customer needs faster charging (2-3 hours). However,
relating to this research, the output current of CS has
fixed value by seeing that CS cannot deviate the output
current. There are two types of battery size used as per
Table 2, where both sizes require different time duration
to charge fully. For instance, types 1 and types 2 battery
that has sizes of 50kWh and 80kWh require 4.5 hours
and 7 hours to charge, respectively fully. However, the
time duration calculated based on initial battery SOC of
15% to meet 95% SOC. Moreover, charging requires
reactive power since the CS itself is designed based on
the existence of the electronic circuit. Additionally, the
battery efficiency used is 92% considering practical EV
battery application.

Table 2. EV battery data specification.

. CS Level 2 (9.6kW)
Description Type 1 Type 2
EV Battery (kWh) 50 80
SOC Initial (%) 15 15
SOC final (%) 90 90
Current (A) 40 40
Real Power (P) 8928 8928
Reactive Power (Q) 1785.6 1785.6
Duration (h) 4.5 7

Lithium batteries represent a regular battery model
employed for the analysis. The SOC plug-in and plug-
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out battery value depend on customer inquiry while the
current produced by CS to the EV battery is the same by
considering output current at all CSs are fixed. General
equation to identify SOC at the current state is using
battery open-circuit voltage [14] as shown in equation

(1).

Vocy = 3.135 — 0.685(— In(SOC)**7® — 1.342.50C +
1.734€%4650¢-) (1)

SOC(Atysy,1) = SOC(Atysy) + (§I(Atk, i) -
100)

2.3 Load Profile

There are normal load, and EV load involves in this
research. Both loads are consuming on usual daily
customer variation pattern. Other than that, CS operation
will follow EV customer behaviour to charge while load
consumption from CS depends on battery sizing as well
as component efficiency. Figure 3 design based on time
which every increment number represent 15 minutes
different with the first time started at 8 pm. Next, Figure
3 also shows the load profile for the normal load without
EV and with EV for daily consumption. Besides that, the
power loss difference calculated based on power loss
during system without EV and with EV also recorded in
Figure 3. The CS operation modelled to operate off-peak
load between 8 pm until 7am where most of the CS-
based on level 2 types operated.

0.3

°
®

Power Lass (MW)
£ o
2
s
A& Power Loss (MW}

o
%

.........

I!\
g
B

Fig. 3. Power loss with EV, without EV and different between
20:00 to 07:00.
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2.4 Objective Function

The main parameter involve in this research are power
loss and customer satisfaction. The calculation of
apparent power loss is based on sum of apparent power
losses that produce from all lines for as per equation (2)
while total power loss equation can be compute using
equation (3) with consider time duration of 4.

Stoss—k = 21 Vi,ljij,l + Vj,ljji,l (2)

Ploss = Z?:l real (gloss—k) (3)
where:

S10ss - Apparent power losses
Pyyss - Real power losses

Vi, - Local voltage at " line

Vi1 - Remote voltage at /" line

I;j; - Current flow from local to remote " line

lj;; - Current flow from remote to local at " line
N - Total number of lines

Next, formula to calculate customer satisfaction is
based on ability of CS to fully charge all battery within
8pm until 7am. Equation (4) shows the fundamental
formula to calculate customer satisfaction (Custgq; )
where m represent number of battery that need to be
charged. Moreover, SOCp,;; and SOC,,, are represent
battery SOC at initial before charging start and SOC
request by customer to end the charging, respectively.
Then, SOCfipq; represent final value of SOC at 7am. The
foremost rationale for choosing 7 am as a cut-off for
measuring customer satisfaction is due to most of the
customer starts to drive EV in the daylight to travel to
the office.

Y121 SOCinai=SOCinis—(100-S0Cfina1)
Y, S0Creq

Custgyy =1 —

“)
Considering there are two parameters which are
power loss and customer satisfaction, multi-objective
function with weight summation approach will be
adopted to get a better solution. For the first fitness, ratio
parameter of power loss with the current value as per
equation (5) while customer satisfaction using equation
(6) set as second fitness. Both finesses used to form
summation fitness equation (7). Lastly, weight parameter
ky and k, will set to 0.5 for this research to show
significant of both parameters.

k
Zi:l Ploss—i

ity = 5
f 1 Z§=1Ploss—i—existing ( )
fit, = Custgy: (6)

3 Methodology

The process for coordinating CS operation presented in
this section. The metaheuristic method, which is Particle
Swarm Optimization (PSO) used as assistance to find
optimal coordination. The PSO method prefers due to
the ability to finding the optimum solution for complex
power system problem [15-16]. The flowchart in Figure
4 describes the PSO procedure in finding the optimal
coordination of CS operation. The particle x; represents
the number of CS that optimally operate at each time slot
(between 1 to 44). The chosen depend on two parameters
which are power loss and customer satisfaction that
represent fitness value. Next, iteration is set at 100 to
make sure the result is converged with the best solution.
The detailed flowchart in finding the fitness shown in
Figure 5. Fitness calculation based on the sum of & time
slot. The reason to simulate 44-time slots is to make sure
customer satisfaction is to stay higher.

Moreover, bus priority is based on power loss that
contributes from individual EV to the system for the
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entire 44-time slots as per Figure 6. Based on Figure 6,
the influence for each EV to total power loss is different
for every time slots. Thus, this will assist the meta-
heuristic to determine the most suitable combination of
CS operation that offers less total power loss to the

system.

Initial random number of CS (x;) for all 44 times

Bus priority list H Fitness calculal]on (¥1) J

1

Calculate new position for x;, Ppest—iand Gpese—;
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iteration = iteration+1
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Fig. 4. Flowchart procedure for PSO
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Fig. 5. Flowchart in finding the fitness
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Fig. 6. EV charging impact between 8pm to 7am.

4 Result and Discussion

The case in this research design is based on the situation
where 38 units of CS operated during off-peak in low
voltage 415 V buses with two battery sizes that having
different time for a full charge. The analysis based on
eleven hours which represent 44-time slots (between 8
pm until 7 am), where 15 minutes is equivalent to each
time slot. The battery SOC;y;, for all EV is set at 15%
while S0C,., is set at 90%. Customer satisfaction
measures the ability of CS to charge all the EV battery
within 8 pm until 7 am. Based on the existing
distribution system without EV and with EV, total power
losses recorded for eleven hours is 1.437641 MW and
1.864708 MW, respectively. Since all battery manages to
full charge before 7 am, makes customer satisfaction
become 100%.

Next, after adopting the proposed method for
coordinating the CS operation, the result is promising
which the power loss registered at 1.798322 MW, which
declines of 0.066387 MW. Based on coordinated EV,
customer satisfaction shows 100%, which all batteries
are achieving 90% SOC. From the simulation based on
PSO converge value, the CS operation being distributed
almost all the time slots as per Figure 7. From the
analysis, the starting of CS operation simultaneously by
all customer cause higher power loss to the network;
however, with the proper coordination of CS operation,
less power loss can be achieved.
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Fig. 7. Power loss without EV, with EV, with EV using PSO
and different between 20:00 to 07:00,

From Figure 7, the system is less stress during first
five hours with the controlled numbers of CS operation
in the system, the placement of CS operation after 1 am
had cause increment of power losses compared to the
existing system, but as overall power losses for eleven
hours, the power loss is enhanced. The impact of
propose method is significant since consider for daily
operation which will offer less stress to network.
Furthermore, customer satisfaction still shows a
comparable result which reveals the suggested method
will not impose problem to customers.
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5 Conclusion

A proposed methodology for the coordinated CS
operation during off-peak load in the distribution system
has been presented in this paper. The metaheuristic
technique used with a focus on scheduling numbers of
CS that operate optimally for every 15 minutes. Other
than that, the priority bus also introduces to show a
better time for every bus to operate based on low power
loss. From the final arrangements, the enhancement 3.5%
of power loss without interrupt customer satisfaction
after optimal simulation with PSO assistance shows the
proposed method is worth.
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