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Spider Monkey Optimization Based Optimal Sizing of Battery Energy Storage for
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Abstract: The ever-increasing need for power in today's environment calls for a secure and effective energy supply network. Distributed renewable options such as Diesel
Generator (DG), wind turbine (WT) and photovoltaic (PV) solar energy may be integrated inside a micro grid (MG) to supply electricity to customers in a sensible manner. In
order to provide a more efficient and affordable source of electricity, the battery storage device is built into the micro grid. This article identifies the cost-based approach to
calculate the optimum size of the Battery energy storage (BES) for MG operations. Some constraints, i.e., the power output of the Distributed Generators (DGs), the power
and energy capacity of BES, the charging/discharge performance of BES, the working reserve and the fulfilment of the load requirement, should also be considered. In this
article the Spider Monkey (SM) algorithm is a modern evolutionary technology that is used to build correction policies and to execute less costly dispatch. Four different
cases have been studied. The results are compared with recently developed Fire Fly (FF) algorithm to corroborate the effectiveness of the proposed algorithm. The results
show that the proposed algorithm has low power loss and the operating cost of the proposed SM technique is 0.0129% less than existing FF algorithm based micro-grid
system. Here, IEEE 33 bus system performed to prove the effectiveness of the proposed SM algorithm over the FF algorithm.
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1 INTRODUCTION

In recent years, the world has witnessed an exponential
growth in its population, culminating in increased demand
for electricity; all of that are the major operating forces
behind carbon pollution and global warming. However,
people are now steadfastly reliant on the usage of fossil
fuels, which, by the way, already play a substantial role in
the energy supply of the electricity production and
transport network. Furthermore, the continuing and
unavoidable loss of fossil fuel supplies in recent years has
placed considerable strain on authorities and RES
(Renewable Energy Sources) producers must take
responsibility to replenish energy through renewable
energy [1]. The manufacturing sector contributes to green
energy development by reducing greenhouse gases from
fossil fuels. Renewable energy is one of the alternative
energy sources that has grown in importance and
relevance. Renewable energy may be utilized again
without depletion, and it is eco-friendly, helps to conserve
the environment, and reduces health concerns. As a result,
renewable energy sources are critical for sustaining human
existence while simultaneously reducing carbon dioxide
emissions and combating climate change [2-5].

Different renewable energy sources can be used to
create hybrid energy systems, such as solar, wind, tidal,
and fuel cells. Several studies have been published on the
efficiency of hybrid systems that integrate power input
from different distributed renewable energy resources by
overcoming existing distribution system drawbacks. One
of the main benefits of a hybrid power system is its ability
to continue to deliver an uninterrupted supply of power to
the load at any time, even if one of the energy sources, such
as solar energy, is unable to produce electricity and supply
it to the load. As a result, guaranteeing a steady supply to
the distribution system will ensure the overall
sustainability of the power system. Micro grids havealso
arisen as a forum for combining Distributed Energy
Resources (DER), such as DGs, WTs, micro turbines
(MTs), fuel cells (FCs), PVs and Battery energy storage
systems (BESSs) through a more organized and functional

grid. Depending on the load requirements and market price
of electricity, micro grids can operate in insulated or grid-
connected modes [6], having the capacity to address the
problems of efficiency, sustainability and demand response
of the current power network.

Heuristic optimization approaches have received a lot
of attention in recent years due to their higher performance
in dealing with big and complicated optimization issues
compared to quantitative optimization methodologies. A
heuristic optimization strategy can take many forms. GM
algorithm (GA) [7] and additional methods, including
optimization of ant colony (ACO) [7], firefly (FA) [11],
Artificial Plant Optimization Algorithm (APOA) [12-16],
were several of the earliest strategies. In order to maximize
the scale of the hybrid wind turbine, PV and the BESS
system, Vrettos and Papathanassiou [17] have been using
GA. The multi-target position in this research reduces the
costs of generation and maximizes renewable energy
deployment. GA has been used by Chen et al. [18] to
evaluate the best battery capacity size by optimising the
non-linear functional capital cost model. Presented bat
algorithm based ideal sizing of battery storage for MG
operation, which shows the reduction in total costs is due
to the battery energy's ability to store and redispatch excess
RES power. Firefly algorithms are approximation solution
methods for an optimization process that use the 'educated
guess' random elements function in their search process
and attempt to improve the efficiency of the solutions at
hand by iterations, a randomly generated collection of
feasible solutions, by exploring and leveraging the solution
space. Although these algorithms do not guarantee
maximum efficiency, they are evaluated to have a fair and
acceptable solution. Some drawbacks of FF algorithms
include their sensitivity to control parameters. Due to its
high computational complexity, the convergence speed is
slow.

The rest of the document is structured as follows. The
mathematical modeling of the MG components are
explained in Section 2. The formulation of the problem,
objective function and equal and unequal constraints of the
proposed MG model and the proposed Spider Monkey
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algorithm based optimal sizing of MG is briefly presented
in Section 4. Section 5 addresses the outcomes of the
proposed and existing techniques and the conclusion is
eventually provided in Section 6.

2 MATHEMATICAL MODELING OF HYBRID MG SYSTEM

In this work, the renewable energy such as Wind
energy, solar photovoltaic (PV) are considered as primary
energy sources. Battery energy storage and diesel
generator are secondary sources of power for the micro
grid where renewable resources cannot satisfy the
necessary requirement for power. The AC bus bar is
connected to the power sources, and the load is integrated
with the opposite side of the AC bus bar. The presented
hybrid microgrid system is depicted in Fig. 1. The
traditional generator acts as a secondary source of energy
and increases the device efficiency by smoothing the
production of electricity from alternative energy sources.
The mathematical modelling of a Wind Turbine (WT), a
Diesel Generator (DG), a photovoltaic system, and a
battery storage unit is evaluated further below.

2.1 Wind Turbine Model

The wind turbine performance model calculates the
output as a feature of the hourly speed of wind [13].
Following is the equation that defines the relationship
between speed and production strength. The wind turbine's
power (Pw) at time ¢ is calculated as below:

0 Wy Swy, OT W — W, ,
P, ={P M T e <w < , 1
W (t) - Ww,max X Wc,i S W S We ( )
P Wep — Wc,i < <
W,max Wie SW S Wc,p

where, Py max - maximum power output of wind turbine,
kW; wy, - speed of wind turbine at hour h, m/s; w; - rated
wind speed, m/s; w.; - cut in wind speed, m/s; wc, - cut out
wind speed, m/s.

2.2 Solar PV Model

Solar photovoltaic systems generate energy depending
on the amount of solar irradiation and the temperature in
the atmosphere at any given time. The power of the PV is
provided by [20].

V4
P Vpower,out = va Z'

2
-[1 + Kiemp {(Tam +(0.0256 % Z)) = Trog }}

where, P,y - rated PV power, kW; Z - solar radiation, W/m?;
Zyef - solar radiation of standard temperature; Tymp, - ambient
temperature of the solar panel; Tt - standard temperature.

2.3 Diesel Generator
A minimum of two generators have been included

here. The expense of the generator is measured in terms of
power supply The diesel generator's fuel consumption, F,

I/h, is determined by the output power and is specified by
the following equation:

F, =ppxF +qpx By 3

where, P; - rated power, Ppg - output power of the diesel
generator, the consumption curve coefficients are pp and
gp, which are 0.08145 1/kWh and 0.246 1/kWh,
respectively.

2.4 Battery Model

Micro grids have been equipped with battery energy
storage systems in order to avoid power discrepancy
between demand and supply. The lithium-ion battery has
been included in this paper. Due to its high energy capacity,
long life cycle, and efficiency, this battery is typically used
to store solar and wind energy. [12].

Wind Turbine A
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C _ Load

i
-
» =

Solar PV [ |
DC-AC
- r,
== = f'"'i
Bi-directional converter
Figure 1 General schematic of hybrid micro grid

In Fig. 2, we study the costs associated with energy
storage for various discharge energies and discharge
ranges. As a feature of battery capacity and DOD, the
charge and discharge expense of the battery is given in Eq.
(4). Battery energy TCPD is the feature of the capital
expense of the battery and the total operating expense of
the battery existence. The ideal size of the battery would
reduce the average expense of the micro grid. The cost
feature of the battery storage throughout the
charging/discharging case has been modeled as

In terms of battery capacity, state of charge (SOC) that
signifies the condition of the battery is expressed below.

Dbatt (t) = 1_SOCbatt (t) 4)

SOCyy (£ +1) = SOCyy (1) -

5
By <At ©

ch
Epait X Moant

where, nﬁgn efficiency of battery charging and
discharging, A¢ - time interval (1 hour), and Uﬁ:n is battery

efficiency.
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3 PROBLEM FORMULATION
3.1 Objective Function

The proposed algorithm is used to find an optimum
sizing of BESS in a routine economic scheduling of the
MG system. Hence, the total expense of the BESS is
considered as a crucial element while estimating its
capacity. In this proposed research work the objective
function is developed to minimize the operating cost (OC)
of the system which is further divided in two fundamental
factors, such as daily scheduling cost (SCD) and Total Cost
Per Day (TCPD). Optimal BESS aimed to reduce these
factors in order to reduce the regular operating costs of the
micro-grid and BESS average expense per day. The
schedule expenses for the day comprise the amount of the
expense of DGs supplying electricity to satisfy the demand
of load. The battery TCPD is the feature of capital expense
of the battery and the total operating expense of the battery
existence. The ideal size of the battery would reduce the
average expense of the micro grid. The description of the
objective function is depicted in the Eq. (6) and the
fundamental factors are given in Eq. (10) and Eq. (11).

NT
Min F(x) = Y"f, + TCPDggg + OM (6)
t=1

where, OMpg - distributed generator's fixed operation and
maintenance cost.

SCD = MmZ{ZF (P (1 ))J+cbatt 7

t=1\_j=1

OMp =(OMyc +OMygr + OMp +OM,  +OM,, ) x ®

xNT

TCPD (Total Cost Per Day) of battery is expressed in
the following equation.

LT
q IR(1+ IR
TCPDyggs = ———c ( LT) FCyps + MCpys (9)
365 | (1+1R)" -1
f; =Cost .y, + Costpg,, + Costypg, + Costpy , +

grid,z y y B (10)
+Costyr, +SUCpg, +SDCpg,

where,
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Cost of diesel generator can be expressed as Eq. (12)

Costpg , = ZZ[aj%zen( +bjf:gen( )+CJ} (12)

t=1i=1

The hourly cost of fuel usage may be calculated by,

Costyye = Pret- Costpg, (13)

where, a;bjc; - cost coefficients of the j-th generators, Pl
- fuel price.

SDCpg, = Shutryg xmax (0,Upg,,1.~Upg, ) (14)
SUCpg, = Starty xmax (0,Upg, ~Upg, 1 ) (15)

where, SUCp, - DG's start-up cost, SDCpg, - DG's shut-
down cost, Up, - status (on or off) of diesel generator at

time ¢.
The cost of energy supplied by solar PV depends on
the initial cost and the power production as specified.

T
Cost,, ,=| D P

pv,out(#
t=1

()]XICPVXCRF (16)

The cost of energy supplied by WT depends on the
initial cost and the power production as specified, which is
expressed as Eq. (17).

Costyr. , = [Z W ou(s J ICyy *CRF (16)

where, Py, out(t) ~ output power of the wind turbine, kW;

ICyr - wind turbine's initial cost, and CRF - capital
recovery factor.

crr= 7). (17)
(1+r) -1

The cost of energy supplied by battery storage system
depends on the initial cost and the power production as
specified.

Ciis * Fpps X At

Egpg <1 (DBES (f))x Mies

CostBEs, (=

(18)

where, Dggg(¢) depth of discharge, Pses - producible
power of battery energy storage, Af - time interval duration,
and 7ggg - efficiency of BES.

Load demand balance

The load demand at any instant might be balanced by
the energy generation by DG, PV, and WT sources as well
as the power in BES. The energy balance equation of the
prescribed system is represented as follows:

Fo6:Upg, + B

ipy .t + Bwt,t +PBES,t +Pgrid,t =
t=1,...NT

PDemand,t (19)

1578

Technical Gazette 30, 5(2023), 1576-1584



Jayashree S, Malarvizhi K: Spider Monkey Optimization Based Optimal Sizing of Battery Energy Storage for Micro-Grid

where, Upg, - variables that indicate the on/off status of
diesel generator.

3.2 Constraints
3.2.1 Renewable and Non-Renewable Power Constraints

The constraints of the generating system considered in
this research works such as DG, PV, WT and BES are
written in the following equations.

Fovmin < Bovy < Fovmax t=1..,NT (20)
Pyrmin < Pvrs < Pyt max t=1..,NT 21)
FoGmin < Focs < PoG.max t=1,.,NT (22)
3.2.2 BES Constraints

P, < Paps, SPHS, t=1..NT (23)

where Fygg, - rated power capacity of BESS, MW, at time
t, PEE“S’, - minimum rated power capacity, at time ¢ and

P ggs,, - maximum power rating for BESS at time ¢.

Discharging mode:
CBES,HI = max {(CBES,t - AR BES,tT1discharge ), CBES,min }

(24)
t=1,...NT
PBES,t SPBES,[ SPBES,t t:1,...,NT
Charging
Cis,e1 = Min{(Cygs , — AtFgEs , Mgischarge )» CBES min | 25)

t=1,...,NT

Bapsy < Pagsy < Bgs;  t=1,...,NT

where,

Fags,, = min{Fygg max (Cpgs s — CEs min Maischarge / AL} (26)
t=1,...,.NT

Paps,, = min{Bgg min (Cpes s — CEs max )/ Mdischarge A}

(27)
t=1,...,NT

3.2.3 Grid Constraint

The utility's power supply should always be within its
minimum and maximum limits and is provided through:

P,

grid,min S Pgrid,t S = 1, ey NT (28)

grid,max

3.2.4 Operating Reserve Constraint

The MG system is normally equipped with BESS for
storing and retrieving the energy to satisfy the demand
whenever the energy generation couldn't meet out the
demands. In this research article the battery energy storage

(BES) is taken into concern, which is normally fed to the
MG system within 10 min as follows:

FeeminUrcs + BurUnmry + Faridmax + FoesUses; 2

(29)
0Rf+PDemand,t t=1..,NT

where OR, is normally 10 min.

4  OPTIMIZATION APPROACHES FOR OPTIMAL SIZING
OF MG

The aim of this paper is to identify the most cost-
effective BES size. Here, the Spider Monkey (SM)
algorithm is presented to measure the optimal size of the
battery and schedule the generators in the DGs in an
economical manner.

This could be achieved through proper scheduling of
power delivery with the various energy sources connected
in the MG system. Whenever, the load demand is higher
than the renewable power generation, the suggested
approach must supply electricity from DG or stored energy
from battery. The proposed algorithm scans the DOD of
battery and converts the same into the cost factor. In
general, the DOD of battery is large, while the battery is
providing electricity and it is low when the battery is
charging. At first the charging discharging status of the
battery is predicted by the algorithm and corresponding
SOC voltage is measured for each hour. The use of
multiple RESs increases device performance and rising
energy storage demands relative to a standard RES. The
superiority of SM algorithm is proved by comparing the
performance with another intelligent approach named FF
algorithm.

4.1 Proposed Spider Monkey (SM) Optimization Approach

Spider Monkey (SM) algorithm is one of the promising
intelligent algorithms which is framed from the foraging
behavior of the spider monkey. In this algorithm the main
groups of spider monkeys are split into sub groups with
minimum of 3 participants and each subgroup is led by a
female monkey to search the food. By proper
aggressiveness and territorial behavior, they communicate
their intensions, and availability of food with the other
group members. The algorithmic steps of the SM algorithm
are presented below:

Step 1: Initialization

In this stage the dimension of problem and the size of
particles in a solution space are initialized (30). Whereas
SMminj and SMinax; are the minimum maximum bounds of
the optimal search location and U(0, 1) is a randomly
generated number between [0-1].

SM (30)

maxj

SMyy = SM 0y +U (0.1)x(SM i )

Step 2: Local Leader Phase
In this stage the position of each particle is modernized

according to the best position of leader or group members
(31). The best position is hereby decided by the fitness

Tehnicki viesnik 30, 5(2023), 1576-1584
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values of the particles. Whereas, the LL;; is the local best
position in the group.

SM iy = SMy; +U (0,1)x(LLy; —SM;; )+

newij

€2))
+U (=1,1)x(SM,; - SM ;)

Step 3: Global Leader Phase

In this step, the position of the particles is updated
based on the overall best position of all groups which is
termed as global best position. The below equations are
used to update position of particles conferring to the global
best solution Eq. (32). Whereas, the GLy; is the global best
position in the group. In this step the probability evaluated
from the Eq. (33) is used to update the position of particles.

SM iy = My +U (0.1)x(GLy — SM;; ) +

(32)
+U (=1,1)x(SM,; - SM ;)
Prob,., = 0.9x— TS (33)

max _ fitness

Step 4: Global Leader (GL) Learning

The particle with the maximum fitness value in the
complete solution space replaces the global leader at this
stage. If the position of the GL is not updated, the global
limit count is increased by one.

Step 5: Local Leader (LL) Learning

Similarly to step 4, the particle with the highest fitness
value in each group takes over as local leader. If the
position of the LL is not modernized, the local limitation
count is increased by one.

Step 6: Local Leader Decision

The modification of particle positions as well as local
leader position will extend until the threshold value known
as local leader limit reached. If the desired position is not
reached, the particles are updated through random
initialization (30) or through the knowledge of local and
global leader information based on perturbation value (34).

SM oy = SM +U(0,1)><(GL,g- —SM,.j)+

newij

+U(0,1)X(SM,j —Lij) 69

Step 7: Global Leader Decision Phase

The modification of particle positions as well as global
leader position is decided with the threshold value known
as global leader limit reached. If it is not reached, then the
particles are split in to small groups up to the maximum
group number is reached (34). The flow chart of the
proposed spider monkey algorithm based on optimal sizing
of micro grid.

4.2 SMA Implementation Steps for Optimal BESS Size of
MG

SM algorithm optimal size of BESS and the output
power of energy sources in order to minimize total MG
operation costs are as the following,

Step 1: At the starting, describe all the input data,
including operation costs, power output by WT, DG, PV,
grid and BESS injected or absorbed power limits, BESS
size, power loss, cost data of start-up and shut-down for
DG, electrical load demand, and so on.

Step 2: Initialize the particles number (V) in spider
monkeys (SM) and initialize maximum numbers of
iterations (ifermax) using Eq. (30)

Step 3:Set constraint which is mentioned in Eq. (20)
to (29).

Step 4: Choose the best particle from a random sample
of n spider monkeys by evaluating their fitness using the
objective function using Eq. (6).

Step 5: Make iteration k= 1

Step 6: Update the position of each particle using Eq.
(30) to (32).

Step 7: Assess the output power restrictions of DG,
BESS, WT, PV, and grid. Also, verify that each particle's
new location meets all the constraints in Eq. (20) to (29).

Step 8: If the restrictions limitations are met, go to the
next step; else, return to step 6 and repeat stages 6-8.

Step 9: Assess the fitness function value for each
updated particle and calculate its minimum value.

Step 10: Make the location of the search particle to the
lowest fitness function as SMin.

Step 11: Increase the number of iterations (iter) by
one, so iter, k=k+ 1.

Step 12: Evaluate the stopping criterion for
convergence. The iterative procedure should be stopped if
the maximum number of iterations has been obtained and
saving the SMpuin objective function value should be
performed; otherwise, repeat steps 6-12.

The suggested approach measures the optimum size of
the battery. The optimum size of the battery has been
determined for the specified approaches to mitigate the
expense of arranging the power supplies to the total cost of
the micro grid.

5 SIMULATION RESULTS AND DISCUSSIONS

The proposed test method has been evaluated on the
regular IEEE 33 bus network as shown in Fig. 2.

Figure 2 Single-line diagram of the IEEE 33-bus distribution system with DG
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The network consists of 3.715 MW of actual power
and 2.3 MVar. Wind power generation is connected in the
buses 6 and 28, solar power generation is connected in the
buses 3 and 29, MT is connected in the buses 13 and 5 and
FC is connected in the buses 4 and 9. BESS, MT and FC
are linked to busses 9 and 13, 4 and 5 and busses 30 and 8
respectively. This paper proves the feasibility of the
suggested FFA approach by evaluating three major cases
with and without batteries, initial costs and power system
constraints. The specifications of the test systems are
defined as follows. The test system is developed using the
MATLAB R2016b Software. The proposed SM algorithm
was examined under four test conditions as follows:

Case-A: Operating Cost without Battery.

Case-B: Minimizing Operating Cost with 6 MW
Battery.

Case-C: Minimizing Operating Cost with 12 MW
Battery.

Case-D: Minimizing Operating Cost with 18 MW
Battery.

In these four cases, the feasible system parameters
such as MG load profile, Electricity price and power from
bulk network, battery storage power, Power loss,
Operating cost, solar power and wind power are analyzed
in a MG system under consideration, and the comparison
also made between the proposed SM algorithm and FF
approach. The detailed description of four cases is
presented in this section.

Case-A: Operating Cost without Battery

In this case only the PV, WT and DG are connected in
the MG system without BESS. The daily highest possible
power generation in proposed MG system is presented in
Fig. 3. The Electricity price taken from bulk network is
shown in Fig. 4 also the Electricity taken from bulk
network is shown in Fig. 5.

Wind power generation - Ppin = 90 KW, Pp.x = 650
kW.

Solar power generation - Ppin = 0, Pmax = 800 KW.

Diesel generator power generation - Prin = 800 KW,
Prax =2000 KW.

Micro Grid Load Profile
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Figure 3 Micro grid load profile

The comparative data analysis of operating cost and
using SM and FF algorithm is shown in Fig. 7. In Case A,
the total micro grid operation cost and power loss of SM
algorithm are found to be 24480.62 $ and 7687 kW. The
FF algorithm operation cost and power loss are 24981.83 $

and 8096.98 kW. From the results, the total operation cost
of SM algorithm and power losses is lesser in the proposed
SM algorithm compared to FF algorithm.
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Figure 7 Convergence characteristic of SM, FF algorithm for case A
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Case-B: Minimizing Operating Cost with 6 MW Battery

The variance of the parameters described above has
been evaluated when the system is exposed to a state of 6
MW battery. In previous case battery is not installed in MG
whereas in this case 6 MW Li-ion battery has been installed.
Wind power generation is connected in the buses 6 and 28,
solar power generation is connected in the buses 3 and 29,
DG is connected in the buses 13 and 5. Fig. 9 shows the
diesel generator output power of proposed SM algorithm
and existing FF algorithm. Fig. 10 demonstrates how the
suggested SM algorithm properly computes and reduces
power loss and operational costs. The proposed SM
algorithm total micro grid operation cost and power loss
are found to be 24981 $ and 7714 kW. The depth of
discharge, or the amount of actual and reactive power that
may be drawn from the BES, is another element that
influences its longevity. Fig. 8 shows the battery storage
power during the course of the project.

Stored energy in BESS
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w
o
o
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Figure 8 Storage power in battery
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Figure 9 Diesel generator output power comparison
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Figure 10 Convergence characteristic of SM, FF algorithm for case B

Case-C: Minimizing Operating Cost with 12 MW Battery

From the simulation, the optimal control parameters
from the SM and FF optimization have been obtained when
battery size is at 12 MW. As in the previous case the wind
power generation, solar power generation and DG power
generation are connected to the same number of buses. The
reduced operating cost and power loss of BES was due to
the self-organization characteristics of the SM algorithm
compared to the FF algorithm. Fig. 11 shows the load
demand by SM algorithm. Fig. 12 shows the storage power
in battery by SM algorithm. Besides that, in terms of SOC,
when battery capacity is increased from 6 MW to 12 MW,
the operating cost is reduced by 6.20% by FF algorithm and
when battery capacity is increased from 6 MW to 12 MW,
the operating cost is reduced by 7.74% by SM algorithm.
This reduction is due to the high efficiency and fast charge
and discharge characteristics of Li-ion battery.
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Figure 13 Diesel generator output power comparison
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Fig. 13 shows the DG output power by proposed SM
algorithm. The results of the convergence criteria using SM
are as shown in Fig. 14, which shows that the optimal
parameters have been obtained. The total operating cost of
SM algorithm has 23049.48 $/KW. This indicates that the
operating cost of SM algorithm is more convenient when
compared to the FF algorithm.

K103
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Figure 14 Convergence characteristic of SM, FF algorithm for case C

Case-D: Minimizing Operating Cost with 18 MW Battery

In this case, the illustrations describe the Micro Grid
load, Electricity price taken from bulk network, PV Power
and Wind power, diesel generator real Power of the system.
Figs. 15 and 16 demonstrate the simulation effects of the
SM algorithm with18 MW battery. As in the previous case
the wind power generation, solar power generation and
diesel generator power generations are connected to the
same number of buses.
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Figure 15 Diesel generator real power generation SM algorithm

From Fig. 17, the proposed SM algorithm minimises
operating costs by optimizing battery system size more
than FF algorithm. From the results of the iteration curve
comparison of SM and FF for determining the minimum
value of the objective function. According to Tab. 1, SM
achieved a superior objective value during the 0-100
iterations to FF during maximum iterations. SM takes a
shorter amount of time to conduct the optimization process
when compared with FF when comparing the number of
iterations and duration of the optimization process. Thus,
when it comes to providing a minimum value for the

objective function, both SM and FF are more appropriate
in terms of their efficiency for providing minimal value for
the objective function. In this work, SM is a better solution
than FF for solving the problem.
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Figure 16 Storage power in battery SM algorithm
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Figure 17 Convergence characteristic of SM, FF algorithm for case D

Table 1 Studied cases summary

SM algorithm FF algorithm

Case Batteq Operating Operating

Capacity | Pps/ KW cost / Pioss | KW cost /

$/KW $/KW
A | Without | 566707 | 24853.18 | 8096.98 | 25847.40

battery
B 6 MW 8147.83 24480.62 | 7714.64 | 24981.83
C 12MW | 1272548 | 23049.48 | 12436.00 | 23185.28
D 18 MW 12844.67 | 24341.01 16474.58 | 24656.46
Case 3 is optimum results in both algorithms

In order to reduce battery operational costs, SM is
capable of regulating battery DOD to a low level. The
operational cost with a battery size of 6 MW, 12 MW and
18 MW was compared to FF algorithm; from the results
case 3 (12 MW) provides optimum results in both
algorithms. Based on Tab. 1, SM has a lower cost per hour
than FF and WOA algorithms, thereby minimizing both the
cost of operating the microgrid and the power loss of the
MG while satisfying the load demand. This method has the
advantage of charging the battery when DOD values are
high, preventing a battery depletion during critical hours.

6 CONCLUSION

This work proposes a detailed BES optimum sizing
approach for multi-objective function in micro grid
applications. To solve the multi-objective issues and
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battery sizing issues the Spider Monkey (SM) algorithm is
proposed. In this research, four different cases have been
considered and evaluated on the standard IEEE 33 bus
network. According to the proposed algorithm, the optimal
BES size (12 MW battery) and maximum depth of
discharge can be determined that minimize the total
operation costs and power loss of microgrids. Compared
with existing Fire Fly (FF) algorithm, the proposed SM
algorithm performs better in terms of minimization of total
operation costs and power loss with faster convergence
speed. The effect of changing load levels would be added
in future development.
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