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ABSTRACT

In order to achieve global optimal solutions, this paper proposes a new hybrid sperm swarm
optimization and gravitational search algorithm (HSSOGSA), which is based on the idea of
balancing the exploration and exploitation capabilities by combining sperm swarm optimization
(SSO), which has a fast convergence rate, and a gravitational search algorithm (GSA), which
can efficiently explore a search domain. Here, the suggested algorithm is utilized to assess how
interconnected micro-grids (IMGs) should operate economically, including optimization
energy management for charging the system of electric vehicles (EVs), where the optimal
charging system for the EV is applied in one micro-grid of interconnected micro-grids. Each
micro-grid (MG) consists of various distributed generation (DG) units, including solar
photovoltaic (PV), wind turbine (WT), and micro-turbine (MT). The primary objective
function of each micro-grid seeks to minimize the cost of total power generation while taking
into account the power exchange between IMGs and utility with a focus particular emphasis on
technical constraints. The suggested HSSOGSA algorithm is compared with another
optimization technique based on sperm swarm optimization (SSO) and war strategy
optimization (WSQ) algorithms to demonstrate its effectiveness. Results obtained from the
HSSOGSA algorithm demonstrate how to manage energy transfer between each MG and the
utility. It has small electricity consumption for a variety of daily loads Including the loads for
charging EVs as well as small the price of overall electricity output, small utility costs, raising
micro turbine (MT) efficiency and smart regulation of EVs charging throughout the day.

KEYWORDS: Electric vehicles, Energy management, Smart grid, Interconnected micro-grids
(IMGs), Hybrid sperm swarm optimization and gravitational search algorithm (HSSOGSA).
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1. INTRODUCTION

The task of moving our energy systems away from fossil fuels and toward renewable energy
sources is becoming more challenging as a result of rising energy usage. To meet this increased
demand and attempt to eliminate existing fossil fuels, new renewable energy sources with low
carbon emissions are required. Traditional power grids (PGs), which are powered by fuels,
generate 64.5% of the world's electricity. These PGs emit more carbon, with the generation and
transportation sectors emitting nearly 40% and 24% of carbon, respectively [1]. The energy
information administration (EI1A) predicts that the average household electric bill will rise by
2.3% next year [2]. A smart grid, which satisfies electrical infrastructure and intelligent
information networks, is the name of the power grid of the future [3], [4]. In order to efficiently
offer sustainable, affordable, and secure power supplies, a smart grid is an electricity network
that can intelligently integrate the behaviors of all users connected to it (generators, consumers,
and those who do both) [5]. A combination of distributed resources for energy generation along
with loads, all of which placed in small-scale areas with low voltage amounts is called micro-
grid. Actually, separate operation or cooperative performance of these grids may be possible,
considering the type of their connection to the main grid [6], [7], [8], [9], [10].

Micro-grids provide an optimal solution to utilize distributed energy resources in electricity
networks. Micro-grids are an electric distribution network involving loads and various sources
(controllable loads, renewable energy resources, dispatch able energy resources, and energy
sources) that can be operated in a controlled and coordinated manner. Also, MGs can operate
in both grid-connected and isolated modes [11]. The MG is operated in two modes: grid-
connected and isolated types [12]. In grid-connected mode, the MG remains connected to the
main grid either totally or partially, and imports or exports power from or to the main grid. In
case of any disturbance in the main grid, the MG switches over to stand-alone mode while still
feeding power to the priority loads. The penetration of MGs has increased recently because it
is more economical and environment friendly than conventional centralized fossil fuel power
plants [13], [14].

There are numerous definitions of energy management in the literature. According to the
definitions provided in [15, 16, 17, 18, 19, 20], energy management can be defined as a set of
strategies and procedures that can adjust and optimize energy use. These functions improve
energy efficiency and manage the available energy sources. It involves monitoring, managing,
and reducing the amount of electricity used in a structure, a neighborhood, etc. Energy
management should be able to reduce the risk of loss of production excess and optimize costs.
Several optimization techniques were addressed in the literature to be used in the energy
management problem of micro-grids. Game theory, gradient-based optimization algorithms,
nonlinear programming, Monte Carlo, Quadratic Programming, GA, Interior Point Method,
Multi-agent Algorithm, Bee Colony, Simulated Annealing, Particle Swarm (PS)...etc. were all
analytic and heuristic optimization methods that were reviewed in [21].

In [22], The operational costs of a micro-grid energy management problem were reduced while
taking into account the start-up and shut-down durations of the DGs, a hybrid GA and interior
point algorithm were employed. Numerous approaches were used in the literature [23, 24] to
solve the economic dispatch optimization problem. For instance, [23] employed the particle
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swarm optimization (PSO) algorithm in the grid-connected mode of the MG, and [24]
considered the economic dispatch problem as a multi-objective optimization problem without
taking into account sold and bought power. In [25] it is suggested to use a heuristic algorithm
for stand-alone MG energy management to prevent wasting the available renewable potential
at each time interval.

The effectiveness of the smart energy management system (EMS) was investigated in [26] with
the aim of minimizing operation costs and applying small-scale energy resources (SSERS) in
the best way possible. In [27] described the load demand management of connected MGs as a
power dispatch optimization problem. In [28] outlined an effective particle swarm optimization
(PSO) based technique for managing the energy and operations of a micro-grid that included
various distributed generation units and energy storage devices. Developed a modified version
of global basic Porcellio Scaber algorithm (PSA) was more effective than a variety of other
meta-heuristic methods in determining the best economic dispatch for multiple micro-grids that
incorporate different types of distributed generators [29].

Electric vehicles were developed in the early days of the industrial revolution. Over the past
few decades, interest in electric vehicles has grown significantly. In the USA, the first attempt
at an electric vehicle for using on roads was made in 1834 [30]. In an effort to replace the
complex and polluting internal combustion engines, more efforts were required to develop
improved storage and management systems and more efficient motors. Pure electric vehicles
adopt a number of advantages, including [31]: Simpler and reliable infrastructure, less and
cheaper maintenance, up to 10 times lower transportation cost, full power available at the entire
RPM range and taxes reduction through subsidies.

Finally, the main contribution of this paper can be summarized as follows: A new optimization
algorithm called “hybrid sperm swarm optimization and gravitational search algorithm
(HSSOGSA)” is presented for the management of energy exchanged between the utility and
each MG ,the effectiveness of the proposed HSSOGSA optimization algorithm is confirmed by
comparing it with two other powerful algorithms “SSO, and WSO ,the optimal daily charging
schemes for EV are selected in order to achieve the lowest possible cost and It can lower the
electricity consumption for a variety of daily loads including the demands for charging EVs is
reduced ,while also lowering as well as the price of overall electricity output, small utility costs,
raising micro turbine (MT) efficiency.

2. MICROGRID ARCHITECTURE

A micro-grid is a portion of the electrical system that views generating and related loads as a
subsystem and can function both in connection with and independently from the utility. It can
be connected to the utility or another MG, and it has the ability to both provide and absorb
power. The first micro-grid in this study consists of WT, MT, and storage batteries (SB). The
second micro-grid consists of PV, MT, and SB. Each MG may purchase from and sell to
another, as well as the utility. The structure of the system is indicated in figure 1.
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2.1. Demand Load Model

The load model for each MG is constant and illustrated in Figure 2, these load curves are almost
the same for different countries. The MGL1 reaches a peak value at 7H and varies slowly between
7 and 18 H and MG2 load reaches peak values between 17 and 20 H. [32].
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Figure 2. Daily load curve for two MGs.

2.2. Power Generation Model

In Figure.3 and Figure.4, respectively, show the amount of electricity produced by WT in MG1
and PV in MG2 throughout the day is depicted. Both WT and PV have a maximum generation
capacity of 100 kW.
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Figure 3. WT Power Generation.
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Three algorithm strategies are employed to optimize the power output of, MT, SB, and optimize
demand power of EV which are selected as the decision variables for the energy management

problem. However, Table 1 makes these restrictions clearer. If,

SB =—

P.. >0 ,SBisindischarging

mod, P,z <0 ,SB is in charging mode. Then, equality (1) can be applied in calculating the
value of the power output from the utility.

Table 1. The max and min power produced by each of SB, MT and EV in both MGs

Item SB (kW) MT (kW) EV Demand (kW)
Min Max Min Max Min Max
MGl & -80 100 0 100 0 300
MG2
Rty = ( Fotal load + Pev )_( Py + Ry + Bur + PSB) (1)
2.3. Cost Model
a. MT Cost Function [33]
t=24 t=24 t=24 t=24
(2)

z Ft,MT = CMT Fur Z Pt,MT AT +ZOMLMT + Z SCt,MT
t=1 t=1 t=1

where:

F

t,MT
CMT
F

MT
R
AT

OM

t,MT

S(;;MT

Total operation cost of MT

Cost of natural gas (fuel cost of MT )= 0.36 $/m?
Fuel Consumption rate = 0.0009 m* /Wh

Real power output from the MT (W)

Energy management time step = 1 hour
t=24

Operation and maintenance cost of MT ($) = K. Z B our AT

t=1
Where K. is taken as 0.000006 $/Wh
The start-up cost of MT ($)
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b. Utility Cost Function

t=24 t=24
Z I:t,utility - Cutility Z R,utility (3)
t=1 t=1
where:

F Total utility cost function
t,MT

C ... cost of the energy utility unit ($/Wh)
utility

P utility unit's actual power output

t,utility

2.4. Objective Function

The major objective of the system is to reduce the cost of overall power generation from each
MG while accounting for power exchange across IMGs and utilities. Consequently, the primary
goal of the optimization problem (Min(OF)) in each MG is equal to:

t—24
Min(OF) = Z(Ft,utility + K ur ) (4)
=1

3. REVIEW OF THE HSSOGSA AIGORITHM

The proposed algorithm HSSOGSA)’’ is the combination of ‘gravitational search algorithm
(GSA)’’ and ‘‘sperm swarm optimization “. In this section, we give a brief description of both
standard SSO and GSA algorithms in which we discuss their metaphor, structure, and
mathematical modeling.

3.1 Standard sperm swarm optimization (SSO)

SSO is a swarm-based approach which is proposed by [34, 35, 36, 37]. The SSO was inspired
by the attitude of swarm of sperm while fertilizing the Ovum (egg). It utilizes a set of candidate
solutions (sperms), which swim in a multidimensional search space domain to discover an
optimal solution. Simultaneously, the swarms look at the best solution (best sperm) in their
tracks. In another sense, sperms consider the best value which has obtained so far (global best
solution) as well as, their own best solution (sperm best solution). Each sperm in SSO should
modify its location by taking into account its current velocity, current location, distance to Xspest,

and distance to Xsgbest. EQ. (5) can be used to represent the mathematical representation of SSO:
V,(t) = D.log,,(pH _rand,)Vi+log,,(pH _rand,).log,,(Temp _rand,).(X . (t) — X;(t)) + (5)

log,,(pH _rand;).log,,(Temp _ randz).(xsgbesti (t) — X;(1)

where:
Vi The velocity of sperm i at iteration t
D The factor of velocity damping, which will be varied between 0 and 1

Temp_Randl, The temperature metrics of the visited location, which will be varied
Temp_Rand2  between 35.1 and 38.5

pH_Randl, The pH metrics of the visited location, which will be varied between 7 and
pH_Rand2, 14

and

pH_Rand3

Xi current location of sperm i at iteration t
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Xsbest personal best location of sperm i at iteration t
Xsgbest global best location of the swarm

The solution of current best can be calculated by Eq. (6):
Xi (1) = X; (1) +Vi(0) (6)

4. Standard gravitational search algorithm (GSA)

Newton's theory served as the foundation for the GSA [38]. The theory of GSA is “every
object in the cosmos attracts every other object with a force that is directly proportional to the
product of their masses and inversely proportional to the square of their distance, according to
this hypothesis” [39]. There are a number of agents in the search space of GSA whose masses
are proportional to the value of their fitness functions. All masses use gravity to attract one
another during the creation process, with a heavier mass having a stronger force of attraction.
The mathematical equation of GSA can be represented as follows: The algorithm starts the
process by allocating N agents at random to the search path's domain. The gravitational forces
from agent’s j and i at time t can be calculated as follows for all iterations.

M i (D * My; (1)

d _ d d

Fo (1) =G(t) RI ) + (X5 @) — X ) (7)
where:

Mj The agent j active gravitational mass

Mopi The agent i passive gravitational mass

G(t) The gravitational constant at time

£ a small constant

Rij The Euclidean distance between two agent i and agent j
G(t) can be calculated as follows:

G(t) =G, *e(—a*iter / max_iter) (8)
where:

Go The initial value

a The descending coefficient

iter The current iteration

max_iter The maximum number of iterations

Eqg. (9) can be used to get the total force acting on agent I in dimension d of the problem space.
N
F(t) => rand; F{ (1) (9)
=1
J=i
where rand; is a random number in the range of (0, 1).

The acceleration of all agents should be determined as in Eg. (6), based on the low of motion,
each agent's acceleration is proportional to the inverse of its mass and the result force.

acd (t) = :\:/'Id—gg (10)

where Mi is the inertia mass of agent i; t is a specific time.
The position and velocity of agents can be calculated as follows:
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Vel®(t +1) = rand, *Vel® (t) + ac’ (t) (11)
X+ =X (t)+Vel’ (t+2) (12)
Where, rand; is a random number in the range of (0,1).

The initialization of all masses with a random value is the first phase in the GSA operation.
Each mass is taken into account as a candidate solution. Following the initialization phase, Eq.
(11) is used to determine the velocities for each mass. Egs. (8) through (10) are used to compute

the gravitational constant, total forces, and accelerations, respectively. After then, Eq. (12) can
be used to determine the positions of masses (8).

5. The hybrid sperm swarm optimization and gravitational search algorithm
(HSSOGSA)
HSSOGSA, a new hybrid optimization technique that combines the "gravitational search

algorithm™ with "sperm swarm optimization™. Several hybridization methods for meta-heuristic
approaches have been proposed in [40]. Due to the functionality of both systems being
combined, the suggested hybrid algorithm is low-level. Additionally, it is co-evolving since we
utilize both methodologies concurrently rather than sequentially are utilized. Given that two
different methodologies are used to produce the end outcome; it is seen as heterogeneous. The
fundamental goal of HSSOGSA is to combine social thinking (Xsgoest) in SSO with the local
search capabilities (aci(t)) of GSA. To combine these strategies, Eq. (13) is suggested as
follows.

Vi(t+1) = D*rand,(pH)*V,(t) + rand () * ac; (t) + rand, (pH) * rand, (temp) * (X e — X; (1)) (13)
where:

D The factor of velocity damping, which will be varied between 0 and 1

Vi(t) The velocity of agent i

rand1(pH), The pH metrics of the visited location, which will be varied between 7 and

and rand2(pH) 14

rand () Random value between 0 and 1

randl(temp)  The temperature metric of the visited location, which will be varied between

35.1and 38.5
aci (t) The acceleration of agent i at iteration t
Xsgbest global best location of the swarm (best solution so far).

The following equation is used to update the sperm positions after each iteration

X, (t+D)=X,(t)+V,(t+1) (14)
HSSOGSA technique starts by randomly initializing each agent, where each agent is viewed
as a candidate solution. Then, using Egs. (7) through (9), the gravitational force,
gravitational constant, and consequent forces among agents are determined. Hence, the
accelerations of sperms are determined by Eq. (10). In each iteration, the Xsgbest Should be
updated. After calculating the aci(t) and updating the Xsgpest, the Vi(t) of all agents can be
calculated using Eq. (13). At the end, the locations of agents are defined as in Eq. (14). The
process of updating locations and velocities will be terminated by meeting an end criterion.
Following is a full procedure of hybrid sperm swarm optimization and gravitational search
algorithm (HSSOGSA) process [41]:

Algorithm Hybrid sperm swarm optimization and gravitational search algorithm
(HSSOGSA)

Begin

Step 1 Initialize the candidate objects Xi (i=1, 2, ..., N).

Step 2 while (the end criterion is not reached) do
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Step 3 For all objects, evaluate the fitness
Calculate best, worst, Mi, M.
Calculate forces Fij by Eq. (7).
Calculate gravitational constant by Eq. (8).
Calculate resultant forces by Eq. (9).
Update acceleration by Eq. (10).

Step 4 apply SSO.
By using Eq. (13), update velocities.
By using Eq. (14), update positions

Step 5 Return the best search agent.

End

6. SIMULATION RESULTS AND DISCUSSION

This section evaluates how well the suggested IMGs can distribute power among MG loads. In
figure 1's structure, the utility and two IMGs networks are depicted. Each MG's power
generation system is composed of one renewable energy source and a storage battery. The
system'’s primary objective is to minimize the cost of overall power generation while taking into
account the power exchange between IMGs and utility. For every optimization task, 30
independent runs are performed, where HSSOGSA, SSO, and GSA parameters setup can be
explained as follows in Table 2:

Table 2. The parameters used for SSO, WSO and HSSOGSA.

SSO WSO HSSOGSA
Iteration Number 200 | Iteration Number | 200 | Iteration Number 200
Population-Size 50 | Soldier size 50 | Population size 50
Inertia 1 R 0.1 | Gravitational constant (Go) |1
Correction Factor 15

The purchased and selling price between two MGs equal to the selling price to the utility and
is constant throughout the day (Cutility.sen = CMG = 0.000075 $/kW), but the purchased price
from the utility is variable as shown in Table 3 [42].

Table 3. The buying and selling costs from the utility and MGs

Item Profile Purchasing Cost ($/kW)
1 Utility purchase price [10.,8.5,9,12,9,12.5,24.5,27,28,17,16, 16,
( Cusility) 16,14,9,8,9,9.5,7.5,7.5,7.5,7.5,7.5,7.5]*10°
5 Selling pri(cce fron; the utility 0.000075
utility.sell
3 purchase and sale prices
between two MGs (Cwi) 0.000075

The energy management system will also be applied to the system with power sharing between
IMGs and utility, through two different cases, the first of them does not have the EVs charging
system as an additional load on the system's actual loads, and the other after adding the EVs
charging system to MG1 as an additional load other than its actual loads.

Case Studyl (Management of the IMGs Energy system without adding EVs according to Table3)

When power sharing between IMGs, is applied to the system in Fig.1 without an electric vehicle
charging system. In addition, power-sharing takes place through the utility. If the energy
generated by each MG during the day is either insufficient for or exceeds the demand load., it
is traded with IMGs and utility through sales or purchases in accordance with the cost values
shown in Table 3. The optimization techniques SSO, WSO, and HSSOGSA employed in this
study can be seen as convergent in Fig.5 and 6. The objective function mentioned above gives
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the minimum values of 334.0568 $, 327.0196 $, and 292.4735 $, for SSO, WSO, and
HSSOGSA in MGL1 respectively, while gives 421.2769%, 420.8316 $, and 394.0025 $ for SSO
WSO, and HSSOGSA in MG2 respectively. Tables 4,5 and 6 illustrate the precise set of each
MG, sharing between IMGs, and utility optimal power outputs.

Table 4. Case study 1. SSO optimized power outputs of each MG, sharing line and utility in kW
MG1 - SSO MG2 - SSO

HR. MT BS Share Utilityy MT BS Share Utility
1|24 206 -431 -380| 208 140 431 0.0
21112 652 00 -284| 22 742 0.0 -0.4
31601 -294 -152 -655| 745 -11.7 15.2 0.0
41935 187 -22.2 -50.7| 420 158 222 0.0
5(74 53 00 673]| 95 -10.7 0.0 89.2
6 (300 -30.7 00 160.0| 49 -24 0.0 97.5
71135 288 33.0 248 | 845 11.0 -33.0 0.0
8642 95 00 353|527 -46.9 0.0 42.2
91962 263 00 568 | 645 94 0.0 17.2

10569 -480 00 1811|323 284 00 234
11({358 86 00 436 | 77 -21.4 00 1203
12443 275 00 82 48 127 00 1051
13| 16.0 -150 00 749|154 176 00 82.4
141776 194 -13.0 0.0 | 246 -529 13.0 921
15| 36.0 -44.1 155 746 | 598 36.2 -155 0.0

16| 385 190 00 204 | 3.0 139 0.0 64.5
17| 288 237 00 355|137 -320 0.0 1191
18| 50 -415 00 2261|632 279 00 83.7
191348 94 -42 00 | 722 -598 42 1326
20| 626 134 -220 00 | 524 464 220 592
211241 35 -589 -347| 799 193 589 0.0

22| 316 10.7 -1043 0.0 6.3 -66.0 1043 913
23| 21 -286 94 572|870 304 -94 0.0

241152 273 15 00 | 832 178 -15 -136

Table 5. Case study 1. WSO optimized power outputs of each MG, sharing line and utility in kW

HR MG1 - WSO MG2 - WSO

. | MT BS Share Utility| MT BS Share Utility
1|155 217 -131 -822 | 259 389 131 0.0
21187 178 00 114 | 262 424 00 7.4
31418 430 -549 -799 | 305 -74 549 00
41512 -623 00 504 | 194 34 00 573
51209 113 00 478 | 186 7.0 00 623
6498 310 00 785 | 48 -64 00 1016
7169 65 234 632|802 57 -234 00
81320 217 00 363|977 -59.0 0.0 9.4
91303 -229 294 1426 | 589 616 -294 0.0
101 29.0 124 0.0 1485| 122 -584 0.0 1303
11| 624 -462 00 718 | 65 590 00 411
121752 18 00 30 | 494 -28 00 760
13| 617 176 -33 00 | 73.0 -46.0 33 852
14| 480 326 00 34 |514 127 00 126
15| 456 -379 00 743 | 357 314 00 133
16| 31.3 448 00 19 | 224 -386 00 976
17| 77 -59.2 0.0 1396 | 551 268 00 188
18| 664 58 0.0 1174 | 257 216 0.0 1276
19| 40.1 314 -316 00 | 266 -553 316 1464
201220 10 00 310 (779 31 00 990
21| 168 117 -81.8 -126 | 380 381 818 0.0
22| 119 -33.6 -404 00 | 70.6 -20.7 404 457
23364 440 -404 00 | 288 7.1 404 317
24| 451 -472 00 46.1 | 242 304 00 314
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Table 6. Case study 1. HSSOGSA optimized power outputs of each MG, sharing line and utility in kW

HR MG1 - HSSOGSA MG2 - HSSOGSA
| MT BS Share Utility| MT BS Share Utility
1|60 11.1 -193 -558 | 16.1 425 19.3 0.0
21245 92 00 143 | 553 158 0.0 4.9
31235 32 -309 -458 | 11.8 352 309 0.0
4174 72 00 247 |838 -324 0.0 28.6
51242 432 00 127 | 46 280 0. 55.4
6237 11 00 1344 | 243 -430 00 1186
7198 69 552 281 | 717 460 -552 0.0
8140 -493 236 101.7| 827 -11.1 -236 0.0
9775 13 0.0 1006 | 544 54 0.0 31.3
10| 46.2 331 00 1107 | 145 -471 0.0 116.6
11| 15 196 00 669 | 503 543 0.0 2.0
12| 66.8 -248 00 380 | 142 -646 00 1730
13| 749 285 -275 0.0 148 535 275 197
14| 39 -63.8 00 1439|518 -694 0.0 94.3
15| 776 17.0 -126 0.0 164 333 126 181
16| 1.7 445 00 318 | 290 0.6 0.0 51.7
171623 -540 00 797 | 41 202 0.0 76.4
18| 450 218 00 1229 | 78 229 0.0 1442
19| 49.0 355 -445 00 | 350 -416 445 1114
20| 231 -471 00 780 | 551 79 0.0 117.0
211257 13 -930 00 | 332 53 930 265
221359 135 -265 -84.8 | 784 311 265 0.0
23280 128 -08 0.0 133 -33.0 08 127.0
24| 73 178 00 189 | 359 216 0.0 28.5
460
Ss0
420 ] .
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& 360 -
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Figure 5. Case study 1. Optimization cost of SSO,WSO and HSSOGSA for MG1
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Figure 6. Case study 1. Optimization cost of SSO,WSO and HSSOGSA for MG2

Figures 7 and 8 show the total power generation and demand load for MGs 1 and 2 throughout
the day, respectively. It is evident that there are a few hours of the day when more power
capacity is produced than there is overall demand. In this instance, the sale is made to the other
MG, or to utility and sold electricity will have a negative value. It can also be used in charging
the BS system and the capacity designated for charging the battery will have a negative value.
On the other side, when the capacity generated power is less than the entire load hence, the
power is bought from the other MG or the utility. In the present occasion, the utility power

purchase value is positive.
250 T T T
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150
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(=3
o
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0 5 10 15 20 25

Time(Hour of day)
Figure 7. Case study 1. HSSOGSA Output Power and demand load of MG1
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Figure 8. Case study 1. HSSOGSA Output Power and demand load of MG2

20

25

Case Study?2 (Management of the IMGs Energy system with adding EVs according to Table3)
Case study 2 use the system in figure 1 to implement power sharing across IMGs and power-
the utility in the presence of an electric vehicle charging system in MG1. Generally, If the
energy generated by each MG during the day is either insufficient for or exceeds the demand
load., it is traded with IMGs and utility through sales or purchases in accordance with the cost
values shown in Table 3. The SSO, WSO, and HSSOGSA optimization techniques employed
in this study can be seen as convergent in Fig.9 and 10. The objective function mentioned above
gives the minimum values of 347.4707 $, 340.0377 $, and 326.4195 $, for SSO, WSO, and
HSSOGSA in MGL1 respectively, while gives 432.3173 $, 428.7181 $, and 413.1033 $ for SSO
WSO, and HSSOGSA in MG2 respectively. Tables 7,8 and 9 illustrate the precise set of each

MG, sharing between IMGs, and utility optimal power outputs.

Table 7. Case study 2. SSO optimized power outputs of each MG, sharing line and utility in kW

Y MG1 - SSO MG2 - SSO
“"'MT BS EV Share Utility) MT BS Share Utility
1[151 64 65 -553 -178| 91 135 553 00
2|80 273 442 141 429 |445 456 -141 00
30180 105 163 00 -622|600 279 00 -9.9
4549 462 234 -384 00 |380 -93 384 129
5|542 27 76 00 362|219 194 00 46.7
6632 -71.7 100 00 177.8|407 -41.1 00 100.4
70382 647 00 00 -30|644 08 00 -27
8322 -430 00 35 972|463 52 -35 00
920 00 100 00 1874|343 206 00 36.2
10| 87 382 00 00 1431[923 238 00 156
11]851 -21.7 00 00 247|729 268 00 69
121200 26 100 00 675|122 -69.0 00 179.4
13/186 139 54 00 489 [236 127 00 792
14/808 19 00 13 00 |516 270 -13 -05
15/67.6 111 100 00 133 [110 10 00 685
16|72.1 271 100 00 430 [279 157 00 37.8
17/201 352 00 00 327|775 185 00 47
18/106 262 00 00 2052|126 -31.8 00 1941
19/395 263 100 -158 00 |128 175 158 103.1
20| 9.9 -483 115 00 1039(80 13 00 927
021|415 214 431 858 00 | 43 187 858 492
22(140 244 364 -640 00 |785 -50.2 640 437
23| 45 06 305 00 666 |71 410 00 599
24| 440 -425 150 00 574|759 -130 00 23.0
109
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Table 8. Case study 2. WSO optimized power outputs of each MG, sharing line and utility in kW

y MG1 - WSO MG2 - WSO
“"MT BS EV Share Utility) MT BS Share Utility
1108 73 20 0.0 -7411]659 401 00 -28.0
2 |577 320 159 -25.7 0.0 |314 153 257 3.6
3|72 477 426 -595 -29 | 0.0 185 595 0.0
4|82 32 440 107 676|806 10. -107 0.0
5|8L7 -51.2 281 00 775|928 -67.5 00 628
6 [50.8 119 52 321 696 [845 476 -32.1 0.0
71653 431 00 -84 00 [342 170 84 2.9
8106 -169 00 00 963|571 -102 00 11
9319 170 10.0 00 140479 37 0.0 79.6
10| 19.0 -715 0.0 0.0 2425|56.1 3.7 0.0 24.2
11/90.7 224 0.0 -252 0.0 (384 22 252 409
12| 98 385 100 00 417 | 7.7 -141 0.0 129.1
131|106 -12.8 100 0.0 88.2 |525 11.0 0.0 51.9
14| 04 204 0.0 29 603 (769 28 -29 0.0
15/709 399 01 00 b5L1|140 -121 00 785
16/293 184 100 00 402 |41 261 00 512
17/299 109 00 00 47.2 [582 -160 00 585
18/103 118 00 00 1675(469 88 00 1192
19|475 460 100 00 485 [240 -332 00 1585
20|146 354 398 00 438 |24 00 00 1776
211576 183 17.1 -109.2 -15.6 |12.2 36,5 109.2 0.0
22|815 133 151 -936 -215|570 -146 936 0.0
23| 79 106 00 00 216 (250 171 00 6509
241188 -25 0.5 0.0 282 |655 -26.2 0.0 46.7

Table 9. Case study 2. HSSOGSA optimized power outputs of each MG, sharing line and utility in kW

MG1 - HSSOGSA

MG2 - HSSOGSA

Hr-"T Bs EV Share Utilityl MT BS Share Utility
11870 44 296 574 -625|163 42 574 00
2979 146 416 -204 -25 208 258 204 00
3223 185 419 00 -489|307 483 00 -11
41219 116 378 00 436 |246 -652 00 1207
5(194 208 52 360 00 |827 479 -360 -65
6417 08 100 00 1285|810 175 00 16
7455 65 00 00 480|185 -401 00 841
8 210 -47.7 00 595 571|794 281 595 0.0
9281 201 100 181 1231|895 197 -181 0.0
10/764 297 00 00 839 |446 564 00 959
11|226 246 00 00 900 [426 565 00 75
12|453 44 47 00 349 [156 -132 00 1203
13133 03 100 00 724 [245 210 00 699
14|405 245 00 00 191 |567 -222 00 422
15/789 509 100 00 639 |247 226 00 332
16/10.9 444 100 00 327 (229 -659 00 1244
17| 53 -314 0.0 0.0 1141|108 251 0.0 74.8
18| 65 346 00 00 1485[32 85 00 1632
190|286 -420 07 00 542 |20 28 00 1445
20132 171 367 00 604 |287 88 00 1425
21|449 168 157 -1120 00 |156 49 1120 255
22[111 -350 361 -20 00 |746 10 20 585
23245 130 00 00 25 |[722 175 00 183
24| 49 308 00 00 83 |398 -349 00 811
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Figure 9. Case study 2. Optimization cost of SSO,WSO and HSSOGSA for MG1
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Figure 10. Case study 2. Optimization cost of SSO,WSO and HSSOGSA for MG2

Figure 11 shows the total power generation, demand load, and EV charging system for MG 1
throughout the day also, Figure 12 shows the total power generation and demand load, in MG2
at all hours of the day. Taking into account some technical constraints of the EV charging
process in MG1, where the total power capacity used to charge EV throughout the day does not
exceed 300 kilo watts which represents a value of 0.01% of the MG 1 total load. In addition to
that, if the load on the MG1 exceeds 92% of its maximum value, the charging value for EV is
zero. Also note that, the charging value does not exceed 10 kilo watts at times when MG 1 load
exceeds 70 percent. It is clear from the results that, there are a few hours of the day when more
power capacity is produced than there is overall demand. In this instance, the sale is made to
the other MG, or to utility and sold electricity will have a negative value. It can also be used in
charging the battery storage system and the capacity designated for charging the battery will
have a negative value. On the other side, when the capacity generated power is less than the
entire load hence, the power is bought from the other MG or the utility. In the present occasion,
the utility power purchase value is positive.
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Figure 11. Case study 2. HSSOGSA Output Power,demand load,and EV load of MG1
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Figure 12. Case study 2. HSSOGSA Output Power and demand load of MG2

7. CONCLUSIONS

In this study, the economic operation of IMGs has been studied as an optimization problem.
The HSSOGSA algorithm has been employed to determine each MG's optimal operation at the
lowest cost based on an economic analysis of the power exchange between the MGs and the
utility. A process of energy exchange between IMGs and the utility has been conducted in order
to achieve a balance between the produced energy and the total load of each MG. This process
involved buying and selling operations that has been controlled by prices referenced in the
studied backward cases. Results indicate that power sharing between each MG and its neighbors
as well as between each MG and the utility can be controlled. Additionally, it has been noted

25
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that power-sharing between IMGs can lower than the overall operating costs of the future
distribution network where, in the absence of power sharing between IMGs, and the energy
sources in one of the two MGs are unable to feed all of its loads. Then the rest of the load is
covered only by purchasing energy from the utility. While in the case of power sharing between
the two MGs, the buying and selling price between them is less than the utility price, this leads
to save in the total cost even if the electric EV charging system uses as additional load in MG1.
This is illustrated by case study 2 using the HSSOGSA. algorithm as the total daily savings in
the two MGs is 17.4912 $ therefore, the annual savings has been interested which can be reaches
6384.288 $.
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