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ABSTRACT

In this paper, two optimal sizing and sitting techniques are proposed for an Electric Vehicle
Charging Station (EVCS) on a Distribution System in Elshorouk City, Cairo, Egypt. An
improved metaheuristic, named Archimedes Optimization Algorithm (AOA) and Particle
Swarm Optimization (PSO) are proposed; to determine the optimal alocations for EVCS
considering the objectives of minimizing real power loss, minimizing cost, and maintaning the
required voltage profile. In this work, the photovoltaic (PV) is used as a renewable source as a
main feeder for the charge stations (CSs). The 46-bus distribution system in Elshorouk City,
Cairo, Egypt is testing network as a conducts simulation tests. The results highlight the need of
the EVCS sizing and sitting to improve the performance. The optimization technique (AOA)
results is compared to the results of the other optimization technique algorithm (PSO). It shows
its effectiveness (fast speed, short time and accuracy) and above all gave better power losses
and costs as required.

KEYWORDS?: Electric Vehicle Charging Station (EVCS), optimal sizing and sitting of EVCS, particle
swarm optimization (PSO) and Archimedes optimization algorithm (AOA)
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1. INTRODUCTION

Today, the world's demand for fossil fuels is increasing in both the transport and power
generation sectors, also to greenhouse gas emissions and environmental pollution [1].
According to studies presented in [2], production will rise by 54% in the transport industry by
2035, which will increase prices and air pollution by significant demand. Therefore, many
nations are seeking to replace green vehicles instead of internal combustion cars [3]. Electric
vehicles (EVs) have shown additional benefits compared with their fossil fuel vehicle
counterparts. They produce fewer emissions even when considering their whole process of
energy production, independently of their energy source [4]. EV is an up-and-coming solution
for the problem of transportation and pollution [5]. The first technology introduced will take
place via vehicle-to-grid in 1977 [6]. This promising framework had been first used by the
provision of a revenue and expenditure model for regulatory and auxiliary services [7].
Penetrations of electrical vehicles (EVs) in the grid face challenges including thermal limit
breaches in certain sensitive network buses of transmission lines because of overload or voltage
drop and demand uncertainty [8, 9]. The most popular vehicles in the parking mode are almost
95 % of the day, according to previous studies. Consequently, it can be used this capacity for
frequency and voltage regulation through V2G [10]. Vehicle participation in V2G generates
money for owners of cars. It can also use to minimize network challenges by using EV and
PHEV charging station capabilities [11, 12]. Vehicles will refill batteries at these stations and
sell excess stored energy to grid and profit from it. In this situation, it is possible to handle the
charging and discharging of vehicles using various approaches, such as adjusting energy tariffs
at different time slots.
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Literature review many researchers have investigated the design and operation of EV CSs and
PV renewable source on the distribution systems and little researcher used the AOA. In [13]
the authors used the AOA to chose the optimum sizing and siting of EVCS, they used photo
voltaic (PV) renewable source as a main feeder for the CSs, used the power losses objective,
the used IEEE 33-bus distribution system for testing, and compare between the results by using
AOA, CS and PSO. The authors in [14] studied a new optimal allocation and sizing for an
Electric Vehicle Charging Station (EVCS) by using Balanced Mayfly Algorithm (BMA) and
used Voltage Profile Improvement Index (VPII), Reactive Power Loss Reduction

Index (QLRI), Real Power Loss Reduction Index (PLRI), and the preliminary development cost
to get the minimum value of the installation cost. The (BMA) applied to 30-bus distribution
system in Allahabad, India and its results were compared with GAIPSO and basic MA. The
authors in [15] used the AOA to choose the optimum location and capacity of DG and use the
power losses as an objective and compared between the results using AOA, IGA and PSO.

In [16] the authors presented an optimization approach to optimally size multiple DGs and
SOPs placements via AOA and NR from the planning and operational viewpoints. Case studies
conducted on the real distribution networks, including the 59-node distribution network in Cairo
and the 135-node distribution network in Brazil, to step on the effectiveness of SOPs insertion
in enhancing DGs penetration.

Various EV-PV charger architectures were tested and analyses in [17]. In this review, the
charger of EV-PV presented with two optimal designs. The authors in [18] designed of smart
charging station implemented in which the charging of the PHEVs controlled to minimize the
effect of charging during the peak load period on the grid. The PHEVs paid in that scheme via
the PV of grid-connected system and/or the utility a special controller developed to allow
effective energy transfer, while at the same time reducing the conversion stage between source
and load [19]. The system consists of modules designed to enhance flexibility and encourage
development. In an unregulated charging method, the integration of PV and EVs were studied
[20].
In [21], the authors presented an optimum configuration, with regard to renewable energy and
diesel generation, for an Electric Vehicle Charge Station (EVCS). The goal was the lifecycle
cost is reducing, while considering environmental pollution. The authors in [22] presented the
option of charging EV on site using an optimized storage power system PV. A comparison
between these profiles and between these profiles presented to minimize the reliance on grids
and to optimize the use of PV power to charge the electricity directly. Authors in [23] presented
the proposed rapid delivery network linked EV-CS model. By reducing harmonic current, the
proposed model improves the power efficiency. In order to minimize the effect of fast charging
on the grid, a PV power system developed with a strategy focused on optimum power flow EV-
CS. In [24] a genetic algorithm used by optimizing benefit determined by its net current value
to maximize the installation and activity of EV fast charging. In order to increase the
profitability of the stations and decrease the high grid energy requirements, wind, photovoltaic,
storage systems connected to EV-CS.
The main contributions of this work shown as follows:

1. Discuss the impact of EV-CSs on electric feeder losses by feeding the PV.

2. Detects the optimal allocation of CSs for loss reduction subjected to system constraints.
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3. The PSO and AOA techniques used to detect the optimal placement for the CSs.
4. The proposed algorithm applied to a Distribution System in Elshorouk City, Cairo,
Egypt, to determine optimum size and location of EV-CS.

5. The results analyzed and compared.
This paper is organized; section two presents the mathematical formulation of the problem. The
definition and description of the PSO, and AOA methods introduce in section three. Section
four introduces numerical applications and case studies. The results and discussion introduce
in section five, whereas section six concludes the paper.

2. PROBLEM FORMULATION

The problem formulates as an optimization for general CSs sizing and sitting considering practical
features of CS, the operation, and load restrictions at different rates of the load.

The general proposed methodology for the problem is getting as shown Fig 1 and next steps:
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Fig. 1 Flow Chart of general proposed
methodology
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The optimization problem formulates with a non-differentiable objective function. This paper proposes
a solution algorithm depends on PSO and AOA techniques and aims to detect the allocation of CSs. The
algorithm can detect the global optimal solution for sitting and sizing of the CSs.

2.1. Objective Function

2.1.1. Minimum Power Losses

The aim of this article is to find the best locations and size of charge station by decreasing the system
losses. The problem of optimization is conceived as one purpose function. The calculation of the power
loss in the line section connecting buses i and i + 1 before integrating any charging station can be
formulated as shown in equation (1) [13]:

.. PZ+Q?
Pross(i.i + 1) = R; (1) @

where;
R; The section line resistance, 2
P, Active power of the i*" bus, W
Q; Reactive power of the i*" bus, VAR
V, Voltage of the ith bus, V
The total network losses are calculated as equation (2):
n

Prioss(ii+1) = ) IR, @

where, n is the total line section in the system.
Network losses can be formulated due to the addition of CSs as equation (3) [13]:

Plrposs(i.i+1) = z IFR; (3)

where, I is the current total line sectlon including the current charging station.
The PV losses to the charge station are represented in equation (4):
n

144 2
P rross = Z(Ics - Ipv) R; (4)

l:
where, I, is photovoltaic current delivered to the CS or the utility.
The proposed objective function can be expressed as equation (5):
n

. 2
Min. Pry s = Z(Ii + 15— Ipv) R; (5)
i=1
2.1.2. Minimum Cost
Calculate the cost charging by using equation (6)
h=24

Cost = Z RTP, x EN2* (6)
h=1
where RTP= Real Time Pricing [25] and E = Energy = P xh

2.2.System Constraints
The maximum and minimum voltage limites at each busbar that is, + 5% of the nominal value
is clear in equation (7).
095pu <V; < 1.05pu (7)
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Line Loading Constraints: maximum and minimum apparent power limites of each line in
equation (8).
Sij min < Sij < Sij max (8)

Equation (9), the Capacity Constraints: maximum and minimum limits of each EV-CS
capacity.
CCSymin < CCSy < CCSk max 9)

Active Power Balance Constraints: the total generated active power must equal the demand
active power plus the losses shown in equation (10).
Pi+1 = P — Plossi — Pri+1 (10)

Reactive Power Balance Constraints: the total generated reactive power must equal to the
demand reactive power plus the losses shown in equation (11).

Qi+1 = Qi — Quossi — Quis1 (11)

The equation (10) and equation (11) can be modelled through the following mathematical
relations [13].

R; 2
Piy1 =P — Possi — PLiv1 = B — ﬁ(ﬂz + (Qi + Yi|Vi2|2) ) = Prit1 (12)
i

Xi

Qi+1 = Q; — Quossi — Qri+1 = Qi — W(Piz +(Q; + Yi1|Vi2|2)2) - Yillvizl - Yi2|Vi2+1| — Qi+ (13)

2 2 Rlz + Xlz 2 2
Vil = |v; |+W(Pi +Q7) — 2(R;P; + X;Qy) (14)
L
Where,
Vinin» Vmax ~ are the minimum and maximum bus voltages,
CCSy is the capacity of the k" PV charging station,
CCSy min is the minimum capacity of the k" PV charging station,

CCSy max is the maximum capacity of the k" PV charging station,

Sij is the apparent power in the line connecting between bus i and bus j,
Sij_min is the minimum apparent power of the line ij,

Sij max is the maximum apparent power of the line ij,

P, Q; are the real and reactive power flow out of the i** bus,

P iiq1,Qriy1 arethe load real and reactive power at bus i + 1,

R; , X; are the section line resistance and reactance respectively.

3. OPTIMIZATION TECHNIQUE

3.1. Particle Swarm Optimization (PSO) algorithm
To determine EV-CS location and sizing, PSO algorithm [13] is applied to optimize the

constrained objective function in equation (15) for the case study. The number of variables in
the optimization problem is 2.Thus, each particle of swarm searches for optimal result in 2-
dimensional search space and it can be represented the particle as:

Particle; = (L¢s, Pcs) (15)

Where, L.sis the EV-CS location and P is the EV-CS size. The flowchart of optimization
technique using PSO is shown in Fig. 2.
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3.2.  Archimedes Optimization Algorithm (AOA)

The Algorithm of Archimedes Optimization (AOA) is a population-based algorithm. In the
suggested solution, the submerged objects are the citizens of the population. AOA also begins
the search process with the initial population of objects (candidate solutions) with random
volumes, densities and accelerations, as other population-based metaheuristic algorithms. Each
object is initialized at this stage by its random fluid location. AOA functions in iterations after
assessing the fitness of the original population before it satisfies the termination criterion. AOA
changes the density and volume of every object at every iteration. Object acceleration is
modified depending on the state of its collision with some other adjacent object. The updated
density, volume, acceleration determines the new position of an object. Following is the detailed
mathematical expression of AOA steps [13].

3.2.1. Algorithmic steps
The AOA algorithm is provided in the mathematical formulation. In theory, AOA is a global
optimization algorithm, which involves both discovery and operating processes. Algorithm 2
presents the pseudo-code of the proposed algorithm; including population initialization,
population evaluation, and updating parameters. Mathematically, steps of the proposed AOA
are detailed in Ref. [13.]

The flowchart of optimization technique using AOA is shown in Fig. 3.
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Define the objective function
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Fig. 2 Flowchart of PSO technique Fig. 3 Flowchart of AOA technique
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4. CASE STUDY

4.1. System data

To study the impact of EVs integration on distribution system in Egypt, the distribution system
in a District #8 of Shorouk City (ShC-D8) is selected for investigation. ShC distribution
network is supplied by Four 66/22 kV, 25 MVA transformers substation. Further distribution
of the supply is done from the 22-kV switchgear. The distribution system has both high voltage
and low voltage customers via 17 distributers. The distributer (MDE3) located at District#8 is
the subject of this study as a second test system. ShC-D8 shown in Fig. 4 [25]. There are 45
load points supplying various kinds of customers. The 0.4 kV low voltage customers are
supplied via a 45 transformers point each of 22/0.415 kV, 500kVVA transformers and the 22 kV
customers are supplied directly. All feeder conductors are 3*240 mm2AL. XLPE cables.
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T43| T44 I T45| ,: (:J Fdr 1 '(n-/lnl * T2 I >
T42 bl 4 | I Lt
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Fig. 4 ShC-D8 Distribution Test Systems [25].

4.2. Load Profiles and Cost Data

For all kind of customers, here two major classifications are made for deciding the load curve,
residential and non-residential (government/institutions and commercial) customers. Fig.5
shows the daily load curve for residential and non-residential customers [25]. For real system
in Egypt, Egyptian daily load is considered [25] which are given in Fig.6 to achieve more
realistic results for this system.

The cost of electricity also varies over time during a day and is also dependent on the season.
To study economic benefit of EV penetration in distribution system, time varying cost data is
assumed. This data is extracted ON LINE from Nord Pool website [25] and gives the variation
of cost over one particular day as shown in Fig.7. The energy cost can be calculated by the
cumulative multiplication of the cost variation (in Fig.7) and energy variation curve
corresponding to the calculated cost required (such as operation, and charging energy curves).
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The EVs load dependent on the number of customers, the penetration level, and the charging

strategy for uncoordinated or coordinated charging.

4.3.1. Penetration level

Table 1 shows the peak load, number of customers and total EVs load in each bus with different
penetration level 10%, 20%, 50% and 100%
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Table 1 peak load and EVs load at all buss

Bus Peak Customers Penetration Level | Total | Penetration Level
Load (%) EVs (%)
No. | LP No. 10[20]50]100] P [10]20] 50 [ 100
kw N N kw KW

1 3084 120 12 24 60 120 360 36 72 180 360
2 3598 140 14 28 70 140 420 42 84 210 420
3 359.8 140 14 28 70 140 420 42 84 210 420
4 3341 130 13 26 65 130 390 39 78 195 390
5 3341 130 13 26 65 130 390 39 78 195 390
6 308.4 120 12 24 60 120 360 36 72 180 360
7 257 100 10 20 50 100 300 30 60 150 300
8 3341 130 13 26 65 130 390 39 78 195 390
9 3084 120 12 24 60 120 360 36 72 180 360
10 205.6 80 8 16 40 80 240 24 48 120 240
11 257 100 10 20 50 100 300 30 60 150 300
12 3084 120 12 24 60 120 360 36 72 180 360
13 205.6 80 8 16 40 80 240 24 48 120 240
14  205.6 80 8 16 40 80 240 24 48 120 240
15 3084 120 12 24 60 120 360 36 72 180 360
16 231.3 90 9 18 45 90 270 27 54 135 270
17 205.6 80 8 16 40 80 240 24 48 120 240
18 257 100 10 20 50 100 300 30 60 150 300

19 2827 110 11 22 55 110 330 33 66 165 330
20 3084 120 12 24 60 120 360 36 72 180 360
21 3341 130 13 26 65 130 3% 39 78 195 390

22 257 100 10 20 50 100 300 30 60 150 300
23 282.7 110 11 22 55 110 330 33 66 165 330
24 257 100 10 20 50 100 300 30 60 150 300
25 3341 130 13 26 65 130 3% 39 78 195 390
26 257 100 10 20 50 100 300 30 60 150 300

27 308.4 120 12 24 60 120 360 36 72 180 360
28 308.4 120 12 24 60 120 360 36 72 180 360
29 308.4 120 12 24 60 120 360 36 72 180 360
30 3341 130 13 26 65 130 390 39 78 195 390
31 3084 120 12 24 60 120 360 36 72 180 360
32 3084 120 12 24 60 120 360 36 72 180 360
33 3084 120 12 24 60 120 360 36 72 180 360
34 3084 120 12 24 60 120 360 36 72 180 360
35 3084 120 12 24 60 120 360 36 72 180 360
36 334.1 130 13 26 65 130 39 39 78 195 390
37 3084 120 12 24 60 120 360 36 72 180 360
38 3084 120 12 24 60 120 360 36 72 180 360
39 3341 130 13 26 65 130 390 39 78 195 390
40 308.4 120 12 24 60 120 360 36 72 180 360
41 205.6 80 8 16 40 80 240 24 48 120 240
42 3341 130 13 26 65 130 390 39 78 195 390
43 3084 120 12 24 60 120 360 36 72 180 360
44 3084 120 12 24 60 120 360 36 72 180 360
45 3084 120 12 24 60 120 360 36 72 180 360

The numbers of vehicles that are considered in the test system depend on what scenario is being
studied. There can be many cases ranging from 10% penetration to a 100% penetration. In Fig.8
shows the EVs load for different penetrations of EVs and compares between this penetration
levels in all buses of system.
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Fig. 8 EV Load for Different Penetration Level

4.3.2. EV Load for Uncoordinated Charging

In the uncoordinated charging scheme, the batteries of the EVs either start charging
immediately when arrived at home and plugged in (usually during peak hours), or after user
adjustable fixed start delay.[25]. In Fig. 9 shown the EVs load uncoordinated charging at
penetration level from 20% to 100%.

Fig. 10 and Fig. 11 show the EVs load uncoordinated charging at bus 8 and bus 15 as for
example for penetration level 20% and 100%, respectively.

200 -

EV Load{kw]
EV Load
3

L L . L . ° . . N . . . N
2 4 8 B 10 12 14 1 W 20 2 2 2 4 8 8B W 12 14 16 18 20 2 24 2 4 6 8 10 12 14 16 18 20 2 24
Time {Hours) Time(Hours) Time(Hours)

Fig. 9 EVs Load Uncoordinated Fig. 10 EVs Load Fig. 11 EVs Load
For all penetration levels Uncoordinated For bus8 and  Uncoordinated For bus 8 and
15 at penetration level 20% 15 at penetration level 100%

4.3.3. EV Load for Coordinating charging

EVs integration into distribution system can be improved when EVs charging at off-peak period
this called coordinated charging; as shown in Fig.12, the EVs load uncoordinated charging at
penetration level from 20% to 100%.

Fig. 13 and Fig. 14 show the EVs load uncoordinated charging at bus 8 and bus 15 as for
example at penetration level 20% and 100%, respectively.
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Fig.12 EVs Load
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Fig.13 EVs Load

Uncoordinated for bus 8 and
15 at penetration level 20%

@ 16 18 20 2 24

4 6 8

1 12 14 16 18 20 2 24

Time(Hours)

Fig.14 EVs Load
Uncoordinated for bus 8 and
15 at penetration level 100%

The following data of PV system in Table 2 is including the type of PV modules, the power ,
size of modules, and the cost from ENFSOLAR website (cost taken at 26/6/2022) [26]. The
power is depended on the big size of EVCS in Table 2.

Table 2 Type of PV modules, price of items and the size of PV module

2 |5 £ |BE|EE| S |85|55 82 w8 Z |BESE
= = b4 tEeE|l=E| 2 2| z28 | ad = o g = &
& - < | - = 4 & 2 |-

5= 25 7692 6.850 14926 150 100

m +—

S 2 g5 100 56 g9 104 25 7692 S 6850 14926 150 100

S8 2 6154 5480 11941 150 80
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5. SIMULATION RESULTS

5.1.  Optimal Location

Table 3 shows the best location of EVCS by using PSO technique and minimum losses; will
notice the best locations are 13, 29 and 44.

Table 3 Best Location of EVCS using PSO technique

hour Loc._1 Size 1 Loc. 2 Size 2 Loc._3 Size 3

1 13.4029 0.93128 28.2124 1.52524  41.959 0.514491
2 113971 11616 29.9712 0.567688 44.4174 1.10017
3 11.719 0.609857 24.9337 1.41869 43.5205 0.618489
4 128795 112863 26.8454 1.34976 42.1246 0.656521
5 11.798  1.64571 22.8252 1.38608 43.9744 0.728664
6 125323 1.12041 315764 1.20568 42.0279 0.727613
7 119781 141265 30.1402 1.58865 43.9982 1.26998
8 12.59 1.88067 30.6607 1.82338 42.7549 1.61212
9 12,6215 1.7493 31.2649 2.28172 41.8117 1.50704
10 13.0892 1.87574 28.8289 1.99652 41.0742 2.26245
11 134215 1.96419 29.9923 196652 45.7828 1.53989
12 12933 186714 26.1961 1.77888 43.8808 1.91474
13 11.8158 1.81564 28.0837 2.61519 41.0813 1.58299
14 142622 241533 29.3787 197073 39.9961 1.98847
15 12186 1.96766 29.4972 253953 41.5618 2.51669
16 11.6161 155295 285111 1.98598 45.4108 1.68984
17 115517 24635 31.4705 2.69859 42.8603 1.59692
18 12.3934 2.35805 30.7768 1.74423 42.3034 2.68883
19 131924 2.07722 26.2251 1.85293 44.3405 2.04131
20 11.4028 2.63247 28.6785 1.81129 44.4433 1.17862
21 12969 272013 29.4618 2.1368 40.7396 2.29825
22 11.3425 1.64642 29.4308 2.02837 43.6604 2.76822
23 9.76074 252209 28.4183 2.31101 42.2633 1.00207

24 122301 15194 27.8291 1.76547 425328 1.60189
5.2.  Optimal sizing

In this section, the optimal sizing of EVCS is determined using PSO and AOA techniques, with
different penetration EVs level 10%, 20%, 50%, and 100%, considering two objectives, which
are minimum cost and minimum power losses, and using two strategies for coordinated
charging and uncoordinated charging.

Table 4 shows the comparison between PSO technique and AOA technique to determine the
optimal sizing of CS using the objective minimum cost.

In case coordinated charging and different penetration levels as shown Fig. 15, the cost by using
AOA technique less than using PSO technique.
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For example, the penetration level 10%: the cost using PS is 32890 EP/year , and using AOA
technique is 32888 EP/year.

In case uncoordinated charging and different penetration levels as shown in Fig. 16, the cost
by using AOA technique less than using PSO technique.

For example, the penetration level 10%: the cost using PSO technique is 33674 EP/year, and
using AOA technique is 33673 EP/year.

Table 4 Optimal EVCS Sizing for Cost Minimization

PSO AOA
Coordinated Coordinated
10% 20% 50% 100% 10% 20% 50% 100%
sizel 2.1924  2.1258 2.2603 2.3996 sizel 1.8622 1.9796 2.1843 2.0171
size2 2.4512  2.0093 2.193 2.4719 size2 2.0261 2.1989 22121 2.1961
size3 1.8001 1.6664 1.7845 1.965 size3 1.9621 1.6906 1.9555 1.825
min. cost 32890 33706 36157 40245 min. cost 32888 33705 36155 40242
Uncoordinated | Uncoordinated

10% 20% 50% 100% 10% 20% 50% 100%

sizel 2.1435 2.2901 25 24791 sizel 19574 1.936 2.4901 25

size2 2.1167  1.8911 2.3497 1.7526 size2 2.1655 2.055 2.4898 2.5

size3 2.0167 1.7328 1.5295 24717 size3 1.8444 2.0538 2.4479 25

min. cost 33674 35276 40087 48120 min. cost 33673 35274 40084 48115

Table 5 shows the comparison between PSO and AOA techniques to determine the optimal
sizing of CS using the objective minimum power losses.

In case coordinated charging and different penetration levels as shown Fig. 17, the power losses
using AOA technique less than using PSO technique.

For example, the penetration level 10%: the power losses using PSO = 0.3612 MW, and using
AOA =0.3516 MW.

In case uncoordinated charging and different penetration levels as shown Fig. 18, the power
losses using AOA technique less than using PSO technique.

For example, the penetration level 10%: the power losses using PSO = 0.3775 MW, and using
AOA =0.3668 MW.

Table 5 Optimal EVCS Sizing for Power Losses Minimization

PSO AOA
Coordinated Coordinated
10% 20% 50% 100% 10% 20% 50% 100%

sizel 1.9058 1.8061 2.1054 2.4556 sizel 1.9244 1.8982 2.1343 2.1779
size2 2.0217 1.6963 1.7062 2.4515 size2 1.8147 2.0225 1.9974 2.2718
size3 15662 1.9209 1.7491 1.9513 size3 1.2911 1.4604 15087 1.9128
Min.losses  0.3612 0.3648 0.3818 0.4305 min.losses 0.3516 0.3540 0.3673 0.4099
Uncoordinated | Uncoordinated

10% 20% 50%  100% 10% 20% 50%  100%

sizel 2.058 1.6957 2.3271 2.4894 sizel 1.9533 2.0602 2.3125 2.3816
size2 2.0052 1.9358 2.3024 2.3347 size2 1.989 20962 2.2764 2.3546
size3 1.4323 1.8894 1.8764 2.0088 size3 1523 15474 18832 1.8344
Min.losses  0.3775 0.4011 0.5008 0.7631 min.losses 0.3668 0.3881 0.4809 0.7316
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40245 40242 48120 48115
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3289032888 33706 33705 40087 40084

35276 35274

33674 33673

10% 20% 50% 100% 0% 0% — oo
EPSO 32890 33706 36157 40245 =rso 32674 35276 20087 5120
DAOA 323888 33705 36155 40242 TAOA 33673 3572 0081 oo
Fig. 15 The total energy cost at coordinated Fig. 16 The total energy cost at uncoordinated
charging charging
0.4305 0.4099 07631
0361203515  03648p35s  Coort03673 07316
0.5008 4809
0.37750.3668 0.40110.3881
10% 20% 50% 100% 10% oo e oo
m|PSO 0.3612 0.3648 0.3818 0.4305 BPsO 03775 04011 05008 07691
HAOA 0.3516 0.354 0.3673 0.4099 T AOA 03668 oaa81 o805 Soa1e
Fig. 17 The total power losses at coordinated Fig. 18 The total power losses at uncoordinated
charging charging

Fig. 19 shows the cost using PSO technique in cases coordinated and uncoordinated charging
with different penetration levels, when controlled in number of EV.

For example, at penetration level, 20% the cost in coordinated charging is 33706 EP/year and
the cost in uncoordinated charging is 35276 EP/year. The reduction of cost 1570 EP/year is
4.45%.

In Fig. 20 shows the cost by using AOA technique in cases coordinated and uncoordinated
charging with different penetration levels, when controlled in number of EV.

For example, at penetration level 20%, the cost in coordinated charging is 33705 EP/year and
the cost in uncoordinated charging is 35274 EP/year. The reduction of cost 1569 EP/year is
4.44%.
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Fig. 19 The total energy cost at different charging  Fig. 20 The total energy cost at different charging
strategy using PSO technique strategy using AOA technique

Fig. 21 shows the power losses using PSO technique in cases coordinated and uncoordinated
charging with different penetration levels, when controlled in number of EV.

For example, at penetration level 20% the power losses in coordinated charging is 0.3648 MW
and in uncoordinated charging is 0.4011 MW.

In Fig. 22 shows the power losses using AOA technique in cases coordinated and uncoordinated
charging with different penetration levels, when controlled in number of EV.

For example, at penetration level 20% the power losses in coordinated charging is 0.354 MW
and in uncoordinated charging is 0.3881 MW.

0.7316

0.7631

0.4809

0.4099

0.5008 0.3668 03881 3673
04305 03516 0354

0361203775 0364827011 0.3818

I

10% 20% 50% 100% 10% 20% 50% 100%
M coordinated 0.3612 0.3648 0.3818 0.4305 B coordinated 0.3516 0.354 0.3673 0.4099
E Uncoordinated 0.3775 0.4011 0.5008 0.7631 Euncoordinated 0.3668 0.3881 0.4809 0.7316

Fig.22 The total power losses at different

Fig. 21 The total power losses at different . - X
charging strategy using AOA technique

charging strategy using PSO technique

5.2.1. Uncoordinated Charging

Fig. 23, 24, and 25 show the voltage profile in bus 18, 33, and 46 are cases of uncoordinated
charging with different penetration level, respectively.

From these figures, when the penetration levels are increased, the voltage profile decreases.
From example, in figure 24 shows the voltage profile at bus 33 uncoordinated charging with
penetration level 10%, 20%, 50%, and 100% in the worst case hour 18:00. In case penetration
level 10%, the voltage is 0.99813 p.u, in penetration level 20%, the voltage is 0.9979 p.u, in
penetration level 50% the voltage is 0.9974 p.u, and in penetration level 100% the voltage is
0.9965 p.u.
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Voltage Profile 24 hour at Bus 18 uncoordinated 10005 — Voltage Profile 24 hour at Bus 33 uncoordinated
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1.002 Voltage Profile 24 hour at Bus 46 uncoordinated
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Fig. 23 Voltage profile at bus 18  Fig. 24 Voltage profile at bus 33  Fig. 25 Voltage profile at bus 46
Uncoordinated charging Uncoordinated charging Uncoordinated charging

5.2.2. Coordinated Charging

Fig. 26, 27, and 28 show the voltage profile in bus 18, 33, and 46 are cases of coordinated
charging with different penetration level, respectively.

From these figures, when the penetration levels are increased the voltage profile decreases.
From example, in Fig. 27 shows the voltage profile at bus 33 coordinated charging with
penetration level 10%, 20%, 50%, and 100% in the worst case hour 9:00. In case penetration
level 10% the voltage is 0.9987 p.u, in penetration level 20%, the voltage is 0.9985 p.u, in
penetration level 50% the voltage is 0.9983 p.u, and in penetration level 100% the voltage is
0.9979 p.u.

Voltage Profile 24 hour at Bus 18 coordinated 10005 Voltage Profile 24 hour at Bus 33 coordinated

L= n L L L " L L L L LT n " L L " L . L Py ™| n L " " L L " L L
2 4 & 8 10 12 14 18 18 W 2 2 4 6 8 10 12 14 % 18 20 2 M 2 4 8 8 10 12 14 1 18 20 2 2
Time Time Time

Fig. 26 Voltage profile at bus 18 Fig. 27 Voltage profile at bus 33  Fig. 28 Voltage profile at bus 46
coordinated charging coordinated charging coordinated charging

The coordinated charging strategy gives the best result for voltage profile compared with
uncoordinated charging strategy. For example, at hour 18:00, Fig. 27 the voltage profile at bus
33 with coordinated charging, in penetration level 100%, the voltage is 0.9981p.u which is
better than the voltage profile in Fig. 24 at the same bus and same penetration level the voltage
is 0.9965p.u.

5.2.3. Comparison results between PSO and AOA techniques

In this section, the comparison results between PSO and AOA using two strategies charging
coordinated and uncoordinated, and two case of penetration level:

Case 1: 20% Penetration level of EVs; This means that 20% of the total consumers use an
electric vehicle.

Case 2: 100 % Penetration level of EVs; this means that 100% of the total consumers use an
electric vehicle, at three buss 18, 33, and 46.
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At bus 18:

Fig. 29 shows the voltage profile at base case (before sizing the EVCS), when determine the
sizing of EVCS and using two optimization technique PSO and AOA techniques, The voltage
profile at AOA technique is better than voltage profile at base case and PSO technique. For
example, the worst case at hour 18:00, in AOA technique the voltage is 0.9848 p.u, in PSO the
voltage is 0.9842 p.u, and in base case the voltage is 0.9774p.u. Fig. 30 shows the voltage
profile at penetration level 20%, the strategies charging coordinated and uncoordinated, the
results of AOA technique is better than the resulte of PSO technique, where the result in worst
case at hour 21:00 for coordinated charging, the AOA technique voltage is 0.9963 p.u and the
PSO technique voltage is 0.9959 p.u. And for uncoordinated charging, the AOA technique
voltage is 0.995 p.u and the PSO technique voltage is 0.993p.u. Fig.31 shows the voltage profile
at penetration level 100%, the strategies charging coordinated and uncoordinated the results of
AOA technique are better than the results of PSO, where the result in worst case at hour 9:00
for coordinated charging, the AOA technique voltage is 0.9948 p.u and the PSO technique
voltage is 0.9944 p.u. And in worst case at hour 18:00 for uncoordinated charging, the AOA
technique voltage is 0.99 p.u and the PSO technique voltage is 0.98 p.u.

Voltage Profile 24 hour at bus 18 won Voltage Profile 24 hour at Bus 18 (penetration level 20%)

cou Valtage Profile 24 hour at Bus 18 {level penetration 100%)

12 12 12
Time Time Time.

Fig. 29 Voltage profile at bus 18 Fig. 30 Voltage profile at bus 18 Fig. 31 Voltage profile at bus 18
Before the sizing of EVCS with 20% penetration EVs with 100% penetration EVs

At bus 33:

Fig. 32 shows the voltage profile at base case (before sizing the EVCS), when determine the
the sizing of EVCS and using two optimization technique PSO and AOA techniques. The
voltage profile at AOA technique is better than voltage profile at base case and PSO. For
example, the worst case at hour 18:00, in AOA technique the voltage is 0.989p.u, in PSO the
voltage is 0.988p.u, and in base case the voltage is 0.982 p.u. Fig. 33 shows the voltage profile
at penetration level 20%, the strategies charging coordinated and uncoordinated, the results of
AOA technique are better than the resulte of PSO technique, where the result in worst case at
hour 18:00 for coordinated charging, the AOA technique voltage is 0.9983 p.u and the PSO
technique voltage is 0.9982 p.u. And for uncoordinated charging, the AOA technique voltage
15 0.9982 p.u and the PSO voltage is 0.9979p.u. Fig. 34 shows the voltage profile at penetration
level 100%, the strategies charging coordinated and uncoordinated the results of AOA
technique are better than the results of PSO, where the result in worst case at hour 9:00 for
coordinated charging, the AOA technique voltage is 0.9978 p.u and the PSO technique voltage
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is 0.998 p.u. And in worst case at hour 18:00 for uncoordinated charging, the AOA technique
voltage is 0.9966 p u and the PSO voltage is 0.9965 p.u.

Voltage Profile 24 hour at bus 33 Voltage Profilo 24 hour at Bus 33 (lovel ponetration 20%)

1.0006 Voltage Profile 24 hour at Bus 33 (level penetration 100%)

1.0005

V(p)
A -
V(pa)

2 4 & 8 10 12 14 W 18 W 2
Time.

Fig. 32 Voltage profile at bus 33  Fig. 33 Voltage profile at bus 33  Fig. 34 Voltage profile at bus 33
Before the sizing of EVCS with 20% penetration level of with 100% penetration level of
EVs EVs

At bus 46:

Fig. 35 shows the voltage profile at base case (before sizing the EVCS), when determine the
the sizing of EVCS using two optimization technique PSO and AOA techniques. The voltage
profile at AOA technique is better than voltage profile at base case and PSO technique. For
example, the worst case at hour 21:00, in AOA technique the voltage is 0.991 p.u, in PSO the
voltage is 0.99 p.u, and in base case the voltage is 0.985p.u. Fig. 36 shows the voltage profile
at penetration level 20%, the strategies charging coordinated and uncoordinated the results of
AOA technique are better than the results of PSO, where the result in worst case at hour 21:00
for coordinated charging, the AOA technique voltage is 0.9983p.u and the PSO voltage is
0.9981p.u. And for uncoordinated charging, the AOA technique voltage is 0.9982 p.u and the
PSO technique voltage is 0.9978 p.u. Fig. 37 shows the voltage profile at penetration level
100%, the strategies charging coordinated and uncoordinated results of AOA technique are
better than the resulte of PSO, where the result in worst case at hour 21:00 for coordinated
charging, the AOA technique voltage is 0.9983p.u and the PSO technique voltage is 0.9982 p.u.
And in worst case at hour 21:00 for uncoordinated charging, the AOA technique voltage is
0.9966 p.u and the PSO technlque voltage is 0.9967 p.u.

Voltage Profile 24 hour at bus 4 Voltage Profile 24 hour at Bus 46 (lavel penciration 20%) Voltage Profile 24 hour at Bus 46 (level penstration 100%)

——
——P50
——

Time Time Time

Fig. 35 Voltage profile atbus 46~ Fig. 36 Voltage profile at bus46  Fig. 37 Voltage profile at bus 46
Before the sizing of EVCS with 20% penetration level of with 100% penetration level of
EVs EVs

1. SUMMARY AND CONCLUSIONS

This paper introduces a study and analysis on EVCS optimal allocations problem. The problem
has been solved using to heuristic techniques AOA and PSO. The objective functions have been
minimizing power losses and minimizing costs. In this work the handle EVVCS locations and
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capacities for optimal configuration as well as keeping the voltage profile within a preset
voltage levels as demanded. The optimal configuration schemes ensure the system operates in
an optimal state in the sense of at acheving the objective functions and maintaining voltage
profile. Comparing the results of AOA with PSO techniques in this paper have been done. AOA
technique has faster convergence speed, shorter running time and more accurate results
compared to PSO technique. The results show that the AOA has better performance than PSO
technique in solving the EVCS configuration problem.
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