
Abstract— Renewable energy sources (RESs) perform a crucial 

role in addressing energy crisis in remote rural areas where it is 

uneconomical to expand electrical distribution systems. RESs, like 

solar power, are able to power microgrids, which might be one way 

to address this problem. In order to guarantee that the system 

meets the essential performance requirements while reducing the 

overall cost, the microgrid must be sized optimally. This study 

proposed an approach of optimal sizing of an islanded microgrid 

at Manpura Island, Bangladesh, consisting of several 

configurations including photovoltaic (PV) systems, diesel 

generator (DG), and three distinct battery technologies, LA, Li-

ion, and Ni-Fe are intended to meet the island’s load demand. Grey 

wolf optimization (GWO) is used to reduce the LCC and COE by 

taking operational constraints into account. Further, indicators of 

the LPSP assess the reliability and effectiveness of the island 

microgrid system. The results demonstrate that the GWO 

outperforms both the genetic algorithm (GA) and particle swarm 

optimization (PSO) method in term of optimal systems 

performance with LPSP of 0%, LCC of $202748 and COE of 

0.3048$/KWh. 

Index Terms—Optimal sizing, Island microgrid, life cycle cost, 

grey wolf optimization, Manpura Island, Bangladesh.  
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I. INTRODUCTION

ANGLADESH has had a significant increase in its power

requirements over the past decade as a result of rapid 

economic growth, improved living conditions, and major 

population growth. It was expected that by 2019, the population 

would number 165 million [1]. However, around 83% of the 

nation's population can connect to the electrical grid [2]. In rural 

areas, especially, the remaining population still needs greater 

access to electricity. Renewable energy sources (RESs) were 

especially pivotal in isolated rural areas whereas the extension 

of power grids was impracticable and uneconomical to solve 

these crises [3]. A practical solution to this problem involves 

the advancement of microgrids that utilize sustainable energy  

sources including wind, solar, and battery banks. Microgrids 

may be grid-connected to the conventional utility grid or run as 

autonomous power grids dependent on local sources.  

Regardless of the specific configuration of microgrids, they 

have effectively reduced CO2 emissions and energy costs. 

Nevertheless, the fluctuation and irregularity of RESs like wind 

turbine (WT) and photovoltaic (PV) units have contributed to 

the use of storage banks that are important in microgrids [4]. 

Evaluating all feasible configurations might be time-consuming 

for complicated challenges in today's modern world. 

Achieving the required performance standards while reducing 

the overall cost of the microgrid system necessitates the optimal 

system size [5]. Microgrid optimal sizing aims at achieving the 

required levels of resilience, cost-effectiveness, and reliability 

via the greatest feasible mix of component size and number [6]. 

Isolated microgrids lack a main grid; hence, in order to provide 

a steady power supply, optimum sizing is very important [7]. 

The best sizing of microgrid systems has been the subject of 

many studies have used different techno-economic analyses, 

traditional techniques, software available for purchase, and 

optimization algorithms. Classical methods have many 

drawbacks, including inflexibility, difficulty finding a global 

optimum, and difficulty adjusting to changing conditions. The 

ability of commercial software programs to manage multiple 

goals is limited, and they lack sophisticated optimization 

features. Techniques for optimization algorithms provide a 

rapidly converging globally optimum solution, therefore 

overcoming the drawbacks of classical methods and 

commercial software. Algorithms result in more efficient 

solution to complex problems [8, 9]. 
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The literature is filled with discussions regarding the optimal 

configuration of microgrid systems. For instance, the moth-

flame optimization algorithm (MFOA) was employed by 

Bandopadhyay, J., et al. [10] to size a grid-connected microgrid 

system that included a PV, WT, and BESS. The primary 

objective of the research was to lower the price of electrical 

energy. Geleta, D.K., et al. [11] used the artificial bee colony 

(ABC) technique to calculate the ideal microgrid sizing for PV, 

WT, and BESS. The objective function takes into account the 

total annual cost. Utilizing the firefly optimization method 

(FOA), Sanajaoba, S., et al. [12] were able to determine the 

optimal microgrid size, which included WT, PV, and BESS. 

The study's objective is to reduce energy costs. A Harris Hawks 

Optimization (HHO) method was used by Çetinbaş, İ., et al. 

[13] to calculate the sizes of microgrids that included PV, WT,

DG, and BESS, and lowering the cost of electricity was the

investigation's goal. The grasshopper optimization algorithm

(GOA) was utilized by Jasim, A.M., et al. [14] to determine the

best configuration for a microgrid that included a WT, PV, 

biogasifier, DG, and BESS. The primary objective is to reduce 

the annual net cost in its entirety. The optimal size for the 

microgrid system, which comprised pump storage units, biogas, 

PV, and superconducting magnetic energy storage (SMES), 

was determined by Agaije, T.F., et al. [15] using the whale 

optimization approach. The investigation's goal was to 

minimize capital costs. Salp Swarm Algorithm (SSA) was used 

by Kumar, P.P., et al. [16] to calculate the optimal size of a 

microgrid system comprising a PV, biomass generator (BMG), 

and BESS. Reducing the levelized cost of energy and the yearly 

levelized cost was the study's main goal. El Boujdaini, L., et al. 

[16] used Particle Swarm Optimization (PSO) to calculate the

ideal PV, WT, and BESS microgrid system configuration size.

Lowering energy costs is the primary objective. Lazaar, N.F., et

al. [17] optimized a battery, PV, and hydrogen energy storage

system configuration using the genetic algorithm (GA). The

study's objective was to lower the net present cost.

TABLE I 

DIFFERENT METHOD USED TO OFF-GRID MICROGRID IN BANGLADESH 

In comparison to prior research and the present study, several 

off-grid microgrid systems were designed specifically for 

Bangladesh and were used to assess the performance of various 

power systems in different places are presented in Table I. Most 

of the studies have limitations in ignoring the life cycle cost 

(LCC). Adding LCC during computation time improves the 

analysis of the planning and operation of microgrid systems [9]. 

The microgrid system's LCC comprises capital, replacement, 

resale, and operation and maintenance costs [11]. Nevertheless, 

the error in planning is essential due to the need for more 

consideration for the microgrid component lifetime and uptime 

[12]. In addition, the microgrid sizing problem is solved in 

this study through the use of a recent metaheuristic optimization 

method, the grey wolf optimization algorithm (GWO). It is of  

crucial significance in the case study area to select a sustainable 

microgrid structure that is appropriate for Manpura Island. The 

microgrid is composed   of PV, DG, and BESS. The following 

are the study's contributions: 

• The main contribution consists of identifying an

optimal configuration that reduces life cycle costs

(LCC) and cost of energy (COE), meets demand, and

maintains a loss of power supply probability (LPSP).

• Determine whether energy-storage technologies—

Ref. Sources used in microgrid Optimization Technique Objective Function Study area 

[17] PV, WT, BESS, Biogas 
Genetic Algorithm (GA) & International 

Data encryption algorithm 
 Cost of energy (COE), Life 

cycle emission (LCE) 
St. Martin’s Island 

[18] PV, PHS, DG GA & HOMER 
Net present cost (NPC), COE, 

CO2 emissions Sitakunda 

[19] 
 WT, PV, biomass, DG 

GA & HOMER 
NPC, Levelized cost of energy 

(LCOE) 
Bhola 

[20] WT, PV, DG, BESS HOMER NPC, COE, CO2 emissions Cox’s Bazar 

[21] PV, Tidal, DG, BESS HOMER NPC, COE, CO2 emissions Patuakhali 

[22] WT, PV, BESS, DG HOMER NPC, COE, LCE Rajshahi 

[23] WT, PV, BESS, Biogas, DG HOMER  NPC, COE, CO2 emissions Satkhira 

[24] PV, Biomass, DG, BESS HOMER NPC, COE, CO2 emissions Panchagarhh 

[25] WT, PV, DG, BESS 
Mixed-integer linear programming (MILP) 

& HOMER 
NPC, COE, CO2 emissions Hatiya Island 

This Study  PV, DG, BESS GA, PSO & GWO LCC, COE Manpura Island 
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photovoltaic (PV), diesel generator (DG), and 

batteries - particularly lead acid (LA), lithium-ion (Li-

ion), and nickel-iron (Ni-Fe) - are the most cost-

effective and environmentally friendly. 

• Implementation of GWO serves as a novel AI

technique aimed at improving the size of island

microgrids. The obtained outcomes are evaluated

about accuracy and convergence, and compared to the

findings of GA and PSO.

The organization of the following sections is: The case study 

area is described in depth in Section II. In Section III, the 

methodology is explained in detail. Section IV provides 

illustrations of the results and discussions. Section V presents 

the conclusion. 

II. CASE STUDY: MANPURA ISLAND, BANGLADESH 

Manpura Island is located in Bangladesh's northern Bay of 

Bengal, specifically at the Meghna River mouth. It is divided 

into Manpura Upazila and Bhola District. The island spans 373 

km2 and has a population of approximately 1,25,000. The 

coordinates of Manpura are 22.2369°N 90.9542°E. A satellite 

picture of the site is shown in Fig. 1, source of Google Maps. 

Fig. 1.  The map shows the location of the study area.. (Source: Google Maps). 

The connected load for Manpura Island consists of twenty-four 

residences, four shops, a mosque, a madrasa, and a power plant 

office. A television, two fans, and three lights are present in 

each house, along with a wall outlet. Every shop is set up with 

both a light and a fan. There are six lamps, six fans, and a 

computer installed in the madrasa. There are four lamps, four 

fans, and a pump within the mosque. There is a computer, a 

lamp, a charging station, and a fan within the workspace. Two 

distinct seasons are indicated by the expected load: winter, 

which covers from November to February, and summer, which 

covers from March to October. Fig. 2 shows a daily load curve 

for two seasons based on the primary data that was supplied. 

The curve illustrates the daily total capacity consumed per hour. 

During the winter, people do not use fans due to the cold 

weather. Because of this, demand is consistently very low after 

midnight. In both seasons, peak consumed power occurred at 9 

p.m. on the 21st hour, with values of 9580 W during the summer

and 5380 W during the winter. The locality's total daily

consumption is 140060 W for summer and 74600 W for winter

[27].

Fig. 2.  Daily load profile. 

III. METHODOLOGY

In the process of determining the optimal size for a microgrid, 

accurate mathematical representations of its components are 

vital. The study presented a microgrid that combines backup 

diesel generation and a BESS with a PV energy source. Fig. 3 

displays the microgrid's schematic diagram under investigation, 

and the ensuing subsections provide in-depth explanation of 

each component model. As shown in Fig. 4, the proposed 

microgrid employs an operational energy management strategy 

(EMS). When PV is unable to fulfill load needs, the energy 

management strategy uses batteries; when the BESS runs low, 

50% of the nominal power of the DG system is used. PV is the 

primary energy source for the EMS. 

A. PV Power Generation

The mathematical expression for photovoltaics power output 

(PPV) is as follows [28]: 

𝑃𝑃𝑉(𝑡) =  𝑃𝑉 𝑟𝑎𝑡𝑒𝑑  × (
𝐺𝑡

𝐺𝑟𝑒𝑓
) × [ 1 + 𝐾𝑇 × (𝑇𝑐 − 𝑇𝑟𝑒𝑓)]     (1)

The equation provided calculates the cell temperature (𝑇𝑐):

𝑇𝑐 =  𝑇𝑎𝑚𝑏(𝑡) + (0.0256 × 𝐺(𝑡)) (2) 

Energy generation of a PV panel (EPV) is as follows: 

 𝐸𝑃𝑉(𝑡) =  𝑁𝑃𝑉  ×  𝑃𝑃𝑉(𝑡)  × ∆𝑡     (3) 

B. Battery Energy Storage System (BESS)

The mathematical expression presented in reference [28] is 

employed to calculate the store energy in the battery bank (EBatt) 

at a given hour t. 

𝐸𝐵𝑎𝑡𝑡(𝑡) = (1 − 𝜎) × 𝐸𝐵𝑎𝑡𝑡(𝑡 − 1) + (𝐸𝐺(𝑡) −
𝐸𝐿(𝑡)

𝜂𝐶𝑜𝑛𝑣
) ×

       𝜂𝐶𝐶  × 𝜂𝑟𝑏𝑎𝑡𝑡                                                 (4)

The following equations are utilized in the generation of 

electrical energy (EG): 

𝐸𝐺(𝑡) = [𝐸𝐷𝐶(𝑡)] ×  𝜂𝐶𝑜𝑛𝑣  (5) 

𝐸𝐷𝐶(𝑡) =  𝐸𝑃𝑉(𝑡) (6) 

When renewable energy sources (RESs) fail to generate enough 

electrical power to meet demand, the battery energy system 
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supplies the necessary capacity, which is calculated as follows: 

 𝐸𝐵𝑎𝑡𝑡(𝑡) = (1 − 𝜎) × 𝐸𝐵𝑎𝑡𝑡(𝑡 − 1) +
(

𝐸𝐿(𝑡)

𝜂𝐶𝑜𝑛𝑣
− 𝐸𝐺(𝑡))

𝜂𝑟𝑏𝑎𝑡𝑡
  (7)  

C. Diesel Generator (DG)

The quantity required to meet demand determines the hourly 

fuel consumption of DG, which is governed by the linear rule 

and is calculated as follows [28]: 

𝐹𝐷𝐺(𝑡) = (𝑎𝐷𝐺 ×  𝑃𝐷𝐺,𝑔𝑒𝑛(𝑡) +  𝑏𝐷𝐺 × 𝑃𝐷𝐺,𝑟𝑎𝑡)𝑙/ℎ  (8)

        To calculate the TAFCIL for the DG, use the equation that 

follows: 

     𝑇𝐴𝐹𝐶𝐼𝐿 =  ∑ 𝐹𝐷𝐺(𝑡)8760
𝑡=1   (9) 

D. CO2 emission

The anticipated CO2 emissions are calculated based on the 

following is the expected fuel usage per hour [28]: 

𝐶𝑂2 =  𝑆𝐸𝐶𝑂2
(𝑘𝑔/𝑙) × 𝐹𝐷𝐺(𝑡)(

𝑙

ℎ
)  (10) 

To calculate the total annual CO2 emissions from the DG, apply 

the following equation: 

𝑇𝐴𝐶𝑂2
=  ∑ 𝐶𝑂2

8760
𝑡=1                               (11)

Fig. 3.  Proposed Microgrid 

Fig. 4. Energy management strategy (EMS) of the proposed microgrid 

Consumers

Bidirectional 
Converter

DG
PV

BESS
DC Bus AC Bus
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E. Bi-Directional Converter with a Charge Controller

During electrical energy conversion, the BDC-CC acts as both 

a rectifier and an inverter. Inverter mode converts DC back into 

AC while rectifier mode converts AC into DC. The battery bank 

benefits from the charge controller's efficient prevention of 

overcharging or discharging. The BDC-CC power rating (PBD-

CC) is determined using the following equation [3]: 

𝑃BDC−CC = 𝐸𝑇,𝑚𝑎𝑥  × 1.1                             (12)

The converter's multiplication factor of 1.1 indicates that is 

capable of accommodating an extra 10% of its full capacity. 

F. Economic Analysis

The life cycle cost of the total system is calculated by 

combining the ICC, EREC, 𝑃𝑉,𝑂&𝑀 costs, 𝑃𝑉,𝑅𝐸𝑃  costs, and

𝑃𝑉,𝐹𝑈𝐸𝐿 prices [29].

LCC =  ICC + EREC + PV,O&M + PV,REP + PV,FUEL     (13)

To find the microgrid component’s ICC, use the following 

formula: 

 𝐼𝐶𝐶 = [ (𝑁𝑃𝑉  ×  𝐶𝑃𝑉,𝑐𝑎𝑝) + (𝑁𝐵𝐴𝑇𝑇  ×  𝐶𝐵𝐴𝑇𝑇,𝑐𝑎𝑝) +

       (𝐶𝐵𝐷𝐶−𝐶𝐶,𝑐𝑎𝑝) + (𝐶𝐷𝐺,𝑐𝑎𝑝)]                (14)

To calculate microgrid component EREC costs, the subsequent 

equation is applied: 

𝐸𝑅𝐸𝐶 =  (𝑁𝑃𝑉  ×  𝐶𝑃𝑉,𝑒𝑟𝑒𝑐) +  (𝑁𝐵𝐴𝑇𝑇  ×  𝐶𝐵𝐴𝑇𝑇,𝑒𝑟𝑒𝑐) ×

 ∑
(1+𝑥)𝑏𝑁𝑐−1

(1+𝑦)𝑏𝑁𝑐
) + (𝐶𝐵𝐷𝐶−𝐶𝐶,𝑒𝑟𝑒𝑐  ×  ∑

(1+𝑥)𝑏𝑁𝑐−1

(1+𝑦)𝑏𝑁𝑐
)

𝑁𝑟
𝑏=1 )

𝑁𝑟
𝑏=1 +

 (𝐶𝐷𝐺,𝑒𝑟𝑒𝑐  × ∑
(1+𝑥)𝑏𝑁𝑐−1

(1+𝑦)𝑏𝑁𝑐
)

𝑁𝑟
𝑏=1 )   (15) 

The following formula is used to determine the microgrid 

components' present value of their yearly operation and 

maintenance costs: 

𝑃𝑉,𝑂&𝑀 =  [ (𝑁𝑃𝑉  ×  𝐶𝑃𝑉,𝑂&𝑀) + (𝑁𝐵𝐴𝑇𝑇  ×  𝐶𝐵𝐴𝑇𝑇,𝑂&𝑀) +

 (𝐶𝐵𝐷𝐶−𝐶𝐶,𝑂&𝑀) + (𝐶𝐷𝐺,𝑂&𝑀)] × ∑
(1+𝑥)𝑖−1

(1+𝑦)𝑖
𝑁
𝑖=1 ]        (16) 

𝑦 =  
𝐼𝑛𝑜𝑚−𝑥

1+𝑥
 (17) 

The following formula is used to determine the present value of 

yearly replacement costs for microgrid components: 

𝑃𝑉,𝑅𝐸𝑃 =  (𝑁𝐵𝐴𝑇𝑇  ×  𝐶𝐵𝐴𝑇𝑇,𝑅𝐸𝑃) × ∑
(1+𝑥)𝑏𝑁𝑐−1

(1+𝑦)𝑏𝑁𝑐
)

𝑁𝑟
𝑏=1 +

 (𝐶𝐷𝐺,𝑅𝐸𝑃  × ∑
(1+𝑥)𝑏𝑁𝑐−1

(1+𝑦)𝑏𝑁𝑐
)

𝑁𝑟
𝑏=1 )   (18) 

𝑁𝑟 = 𝑖𝑛𝑡 (
𝑁−𝑁𝐶

𝑁𝐶
)   (19) 

The present value of the yearly fuel price for the microgrid 

component is shown in the following equation. 

𝑃𝑉,𝐹𝑈𝐸𝐿 =  𝑇𝐴𝐹𝐶𝐼𝐿𝐷𝐺 ×  ∑
(1+𝑥)𝑖−1

(1+𝑦)𝑖
𝑁
𝑖=1  (20) 

G. Optimization techniques

The study addressed technical and economic constraints when 

optimizing the sizing of island microgrids with different 

configurations using the grey wolf optimization (GWO) 

algorithm. GWO is known for its simplicity, flexibility, and 

efficiency. The study entails determining the cost of energy 

(COE) and life cycle cost (LCC) of an objective function. 

Particle swarm optimization (PSO) and genetic algorithms 

(GA) are used to verify the proposed approach. 

1) Grey Wolf Optimization (GWO)

GWO is an intelligent optimization technique that mimics the 

hunting and leadership styles of grey wolves in natural form. 

User-friendly, the GWO algorithm is distinguished by its 

simplicity in theory, high search accuracy, efficiency in search, 

and simplicity of study. Alphas, betas, deltas, and omegas are 

the four groups into which the wolves are divided in the GWO 

algorithm. The strength of these groupings is ascertained by 

the use of a fitness function. The pack leaders and highest-

ranking members are the alpha wolves. The second most 

dominant wolves are beta wolves. It helps the dominating 

wolves and keeps the wolf pack organized and orderly. Below 

the beta wolves, the delta wolves are distinguished by their 

ferocity but absence of leadership traits. At the bottom of the 

hierarchy are produced less strong omega wolves [29]. Fig. 5 

shows the GWO flowchart applied to the proposed microgrid 

system. 

2) Genetic Algorithm (GA)

GA are evolutionary techniques based on computational 

optimization. Three fundamental GA operators are Mutation, 

Crossover, and Selection. Working together, these operators 

evolve the population to raise mean fitness. While mutation and 

crossover promote genetic variety, selection ensures that better 

population members are procreated. Because GA is iterative, 

the next generations pick up knowledge from the ones before 

them. The approach promotes the replication of fitter 

individuals, hence disseminating "excellent DNA" or superior 

solutions. The method converges to the best or almost best 

solution through this natural selection process. GAs can 

converge to global optimal solutions with appropriate algorithm 

settings. Because GAs is flexible and able to investigate a wide 

range of solutions, they help address challenging optimization 

problems in many fields. Depending on the encoding method, 

the chromosomes—parameters of the different solutions—are 

kept in a binary integer or real value data structure. A fitness 

function particular to the problem measures the chromosomal 

solution [31]. 

3) Particle Swarm Optimization (PSO)

The PSO algorithm is a stochastic optimization method that is 

based on the concept of swarm intelligence. Individual PSO 

particles make up this "swarm," and the algorithm explores and 

takes advantage of a search space by using their combined 

activity. Every swarm particle moves through the search space 

with a particular velocity and direction. PSO is special in that 

way particles move. The primary factors influencing them are 

the most well-established location of the particle and the overall 

most well-established location of the swarm. Within the search 

area, these positions stand for viable solutions. Particles move 

constantly assessing and changing their places in line with the 

quality of these known solutions. A particle that improves its 

position during exploration helps the swarm as well as itself. As 

particles exchange information to guide the swarm collectively 

towards areas of the search space that are more likely to hold 

better solutions, this cooperative behavior defines PSO. PSO 

mimics, essentially, the social behavior of particles in a swarm, 

where the group's general movement is informed and 

influenced by the findings of individual particles, helping to 

optimize a particular problem [31]. 
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Fig. 5. GWO flowchart of the proposed microgrid. 

 

H. Problem Formulation 

LCC, COE, and constraints related to PV, battery, and DG are 

taken into account when formulating the function's purpose. 

The following factors in more detail now: 

 

1) Objective Function 

 

Life Cycle Cost (LCC): 

Minimize the system’s LCC while satisfying the requirement of 

LPSP. Three factors affect the LCC: the number of PV panels 

(𝑁𝑃𝑉), batteries ( 𝑁𝐵𝐴𝑇𝑇) and diesel generator (𝑁𝐷𝐺). 

    𝑚𝑖𝑛 𝐿𝐶𝐶(𝑁𝑃𝑉 , 𝑁𝐵𝐴𝑇𝑇 , 𝑁𝐷𝐺) = ∑ (𝐿𝐶𝐶)𝐶
𝑚𝑖𝑛
𝐶=𝑃𝑉,𝐵𝐴𝑇𝑇,𝐷𝐺     (21) 

 
Cost of Energy (COE): 

An essential factor in evaluating the economic analysis of the 

microgrid is the cost of energy (COE). Then, to find it, the 

following equation is used: 

                          𝐶𝑂𝐸 = (
𝐿𝐶𝐶

∑ 𝐸𝐿(𝑡)8760
𝑡=1

) × 𝐶𝑅𝐹                      (22) 

 

2) Constraints 

 

Upper and Lower bounds:  

The study's upper bound is the largest amount possible after 

limiting the use of the remaining sources, which include 

diesel, solar, and batteries, while its lower bound is zero. 

                               0 ≤ 𝑁𝑃𝑉 ≤ 𝑁𝑃𝑉𝑚𝑎𝑥                               (23) 

                            0 ≤ 𝑁𝐵𝐴𝑇𝑇 ≤ 𝑁𝐵𝐴𝑇𝑇𝑚𝑎𝑥                          (24) 

                              0 ≤ 𝑁𝐷𝐺 ≤ 𝑁𝐷𝐺𝑚𝑎𝑥                               (25) 

 

Battery Energy Storage limits:  

The following limitation will determine how much energy the 

battery bank can store or release [33]: 

                         𝐸𝐵𝐴𝑇𝑇𝑚𝑖𝑛 ≤ 𝐸𝐵𝐴𝑇𝑇(𝑡) ≤ 𝐸𝐵𝐴𝑇𝑇𝑚𝑎𝑥             (26) 

     𝐸𝐵𝐴𝑇𝑇𝑚𝑎𝑥 = (
𝑁𝐵𝐴𝑇𝑇 × 𝑉𝐵𝐴𝑇𝑇× 𝑆𝐵𝐴𝑇𝑇

1000
) × 𝑆𝑂𝐶𝑚𝑎𝑥−𝑏𝑎𝑡      (27) 

     𝐸𝐵𝐴𝑇𝑇𝑚𝑖𝑛 = (
𝑁𝐵𝐴𝑇𝑇 × 𝑉𝐵𝐴𝑇𝑇× 𝑆𝐵𝐴𝑇𝑇

1000
) × 𝑆𝑂𝐶𝑚𝑖𝑛−𝑏𝑎𝑡       (28) 

                               𝑆𝑂𝐶𝑚𝑖𝑛−𝑏𝑎𝑡 = 1 − 𝐷𝑂𝐷                      (29) 

                      𝑆𝑂𝐶𝑚𝑎𝑥−𝑏𝑎𝑡 =  𝑆𝑂𝐶𝑚𝑖𝑛−𝑏𝑎𝑡 + 𝐷𝑂𝐷            (30) 

 

Diesel Generator Limit: 

According to the study, DG operating requires a minimum 

load equal to 50% of its rated capacity. Therefore, once the 

DG satisfies the requirements provided below [27], it will 

operate in a simulated environment: 

                                       
𝐸𝐿(𝑡)

𝜂𝑐𝑜𝑛𝑣
 ≥  𝑃𝐷𝐺,𝑟𝑎𝑡 × ∆𝑡                     (31) 

 

Power Reliability Index: 

Energy reliability index indicates its dependable capacity to 

supply the reliable power supply in specific circumstances. The 

microgrid power reliability index involves calculating the 

LPSP, which represents the possibility of power supply failure. 

The computation [32] is derived using the hourly energy 

consumption and loss of power supply (LPS). 

𝐿𝑃𝑆(𝑡) =  
𝐸𝐿(𝑡)

𝜂𝑐𝑜𝑛𝑣
−  𝐸𝐺(𝑡) − [(1 − 𝜎) × 𝐸𝐵𝐴𝑇𝑇(𝑡 − 1) −

                   𝐸𝐵𝑎𝑡𝑡−𝑚𝑖𝑛] × 𝜂𝑟𝑏𝑎𝑡𝑡                                            (32) 

                             𝐿𝑃𝑆𝑃 =
∑ 𝐿𝑃𝑆(𝑡)𝑇

𝑡=1

∑ 𝐸𝐿(𝑡)𝑇
𝑡=1

                                  (33) 

IV. RESULTS AND DISCUSSION 

The research incorporates the optimal sizing of the microgrid 

system using MATLAB, taking GA, PSO, and GWO 

PV data Battery data
Diesel generator 

data
Converter data

Kutubdia island 

meteorological 

data

Load data

Optimal sizing by GWO

Calculate LPSP 

LPSP ≈ 0

No

Print optimal size of 

minimum LCC and 

COE

End
Size satisfy 

the system 

constraints?

Yes

Initialize the GWO input parameters: search agents, 

maximum iteration

Initialize the random positions propulsion matrix of 

search agent

Calculate the fitness function value for each agents

Calculate the optimum value of fitness function

Set alpha score as best optimum value, Beta score as 

second best optimum value and Delta as third best 

optimum value

EMS

Set the iteration=1

Update the alpha score, beta score, and delta 

score

Calculate the alpha score, beta score, and delta score
Yes

No
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algorithms into consideration. PV, DG, and BESS constitute the 

microgrid system. Manpura Island in Bangladesh serves as the 

case study area. It is situated at 22.2369°N and 90.9542°E. At 

first, input data were gathered, such as load demand, solar 

irradiation, and ambient temperature. The historical data was 

collected by NASA. The hourly capacity requirement of the 

island microgrid fluctuates, ranging from 2 to 10 kW. Fig. 6 

depicts the typical year's annual load demand. The annual 

ambient temperature and solar irradiance are depicted in Fig. 7-

8. The components of the island microgrid are susceptible to the 

impact of disasters. Components with an appropriate rated 

capacity are required to prevent equipment failure outages and 

guarantee the reliability of the system. Table II presents the 

economic and technical specifications of the system. 

TABLE II 

MICROGRID COMPONENT ECONOMIC AND TECHNICAL SPECIFICATIONS 

 

  
Fig. 6. Annual load demand                                                                                         Fig. 7. Annual ambient temperature. 

 

  

Parameters Value Parameters  Value 

Project lifetime  25 years Nominal voltage (VBAT) [40] 12.8V 

Nominal interest rate [33]  8% Round trip efficiency (ηrbat) 92% 

Inflation rate [33] 3%                           Lifespan                                      800 cycles @70% DOD 

Rated power of PV Panel [34] 0.25kWp               Self-discharge rate (%/day) (σ) 0.20% 

Lifetime of PV Panel  25 years Capital cost (CC) $3,317  

Capital cost of PV Panel  $250.00  Annual O&M cost No maintenance 

AO&M cost of PV Panel  $6.25  Operating temperature −20 °C to +50 °C 

DG (Company: Hyundai, Model No:  DHY8600SE-T) [38] 12 KVA Cycle life  
3000 cycles 

@70% DOD 

C&R of DG  $2058  
Battery (Type: Nickel Iron, Company: Iron Edison, 

Model no: TN 1000 [41] 
 

Diesel Price [14] $0.97  Nominal capacity (SBAT) 1000Ah 

Battery (Type: Lead Acid, Company: Trojan, Model no: 

SSIG 06 490 [39] 

 
Nominal voltage (VBAT) 1.2V 

Nominal capacity (SBAT)  490Ah Round trip efficiency (ηrbat) 80% 

Nominal voltage (VBAT)  6V                             Lifespan                                       30 years @70% DOD 

Round trip efficiency (ηrbat)  85% Self-discharge rate (%/day) (σ) 1.00% 

Lifespan  3 years @70% 
DOD 

Capital cost (CC) $1057  

Self-discharge rate (%/day) (σ)  0.30% Annual O&M cost 2% of CC 

Capital cost (CC) $410  Cycle life  11000 cycles 

@70% DOD 

Annual O&M cost 2.5% of CC Rated power of BDC-CC 10kW 

Cycle life  
800 cycles 

@70% DOD 
Lifetime of converter [28]         10 years 

                           Operating temperature                                       -20°C to +45 °C Capital cost of converter [28]         $1080  

Battery (Type: Lithium Iron Phosphate, Company: Victron, 

Model no: LFP-12.8/200-a [39] 
 

AO&M cost of converter [28]  2.5% of CC 

Nominal capacity (SBAT) 300Ah Erection cost of converter [28] $129.6 

Erection cost of PV [28] $25.6 
Erection cost of battery [28] 3% of CC of 

battery 
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TABLE III 
OPTIMIZATION RESULTS OBTAINED VIA GA, PSO AND GWO METHODS 

A. Optimal Size of different configuration and methods

The optimal size for the three configurations produced by the 

three methods is shown in Table II. Every solution has an LPSP 

value of 0%. Based on the findings, the PV/LA/DG 

combination has been identified as the most efficient option for 

the case study, as assessed by the use of the GWO technique. 

This combination results in a system with a minimum life cycle 

cost (LCC) of $202748 and a  COE of 0.3048 $/KWh. As well 

as the annual energy production from PV and DG, Fig. 9 shows 

how the LA battery bank is charged and discharged in response 

to load demand. Fig. 10 depicts the comparison between the 

proposed approach and other methodologies in evaluating the 

variability of LCC and COE. The proposed methodology has 

the lowest LCC and COE compared to GA and PSO methods. 

The PSO approach demonstrates a 4.5% increase, while the GA 

method exhibits a 7% rise. 

Fig. 8. Annual solar irradiance. 

B. Optimal Size of different configuration and methods

The optimal size for the three configurations produced by the 

three methods is shown in Table II. Every solution has an LPSP 

value of 0%. Based on the findings, the PV/LA/DG 

Configuration Quantity and Cost GA PSO GWO 

PV/LA/DG 

NPV 292 285  292 

NBATT 145 120 114 

TAFCIL 0 235 197 

TACO2 (kgs) 0 564 474 

COE ($/kWh) 0.3237 0.3194  0.3048 

LCC ($) 220106 212520 202748 

PV/Li-ion/DG 

NPV 690 647 654 

NB 47 50 45 

TAFCIL 50 1904 1313 

TACO2 (kgs) 121 4570 3150 

COE ($/kWh) 0.8920 0.8631 0.8512 

LCC ($) 593574 574295 566430 

PV/Ni-Fe/DG 

NPV 361  375  292 

NB 106  99 114 

TAFCIL 3.25  115 198 

TACO2 (kgs) 7.8  277 474 

COE ($/kWh) 0.4785  0.4717 0.4552 

LCC ($) 318410 313906  302811 
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combination has been identified as the most efficient option for 

the case study, as assessed by the use of the GWO technique. 

This combination results in a system with a minimum life cycle 

cost (LCC) of $202748 and a cost of energy (COE) of 0.3048 

$/KWh. As well as the annual energy production from PV and 

DG, Fig. 9 shows how the LA battery bank is charged and 

discharged in response to load demand. Fig. 10 depicts the 

comparison between the proposed approach and other 

methodologies in evaluating the variability of LCC and COE. 

The proposed methodology has the lowest LCC and COE 

compared to GA and PSO methods. The PSO approach 

demonstrates a 4.5% increase, while the GA method exhibits a 

7% rise. 

 
Fig. 9. Annual electricity generation of microgrid. 

C. Impact of LA/Li-ion/Ni-Fe Battery Technology 

The microgrid in LA, which relies on battery technology, 

provides the most economical LCC and COE, which are 

$202748 and 0.3048$/KWh, respectively, as illustrated in 

Table II. In comparison to various configurations of battery-

based microgrids, the base case of this analysis offers an 

optimal value. The Li-ion-powered microgrid has an LCC 

and COE of $566430 and 0.8512$/KWh, respectively, costs 

approximately 180% higher than the base. The microgrid 

powered by Ni-Fe battery has a LCC of $302811 and a COE 

of 0.4552 $/kWh, which is approximately 49% higher than 

the base. 

 
Fig. 10 LCC and COE variation for different algorithm 

D. Convergence Speed 

Figure 11 shows the convergence curve for each algorithm for 

the LA-based microgrid. Using the convergence of GA, PSO, 

and GWO algorithms to the optimal value of LCC, the 

suggested method attained the lowest LCC at the 23rd, 21st, and 

18th iterations, respectively. 

 
Fig. 11 Convergence curve of the LA battery based microgrid for different 

algorithms. 

 

E. Comparison Analysis 

A comparative analysis highlighting the effectiveness of the 

proposed approach on Manpura Island in earlier efforts is 

presented in Table IV. A number of studies on the design of a 

microgrid for Manpura Island have been carried out by RESs. 

For the most part, LCC disregarded this research. The proposed 

approach's COE is 0.3048$/kWh, which is lower than previous 

works. 
TABLE IV 

COMPARISON STUDY WITH PREVIOUS WORKS AT MANPURA ISLAND 

V. CONCLUSION 

In this study for Manpura Island Bangladesh, finding the 

optimal microgrid component size using GWO is suggested in 

situations when expanding the distribution network is 

impractical to achieve low LCC and COE. Further research has 

been carried out on the choice of three battery technologies: Li-

ion, Ni-Fe, and LA, for a steady supply of power. The GWO 

technique offers fast convergence speed and the best islanded 

microgrid design with optimum LCC and COE values in 

comparison to GA and PSO. Results obtained showed that the 

lowest LCC and COE, $202748 and 0.3048$/KWh, 

respectively, were obtained with an LA battery-based microgrid 

design. With an LCC of $566430 and a COE of 0.8512 $/KWh, 

the Li-ion-powered microgrid performs around 180% better 

than the base value. LCC and COE of the Ni-Fe battery-

Ref. Sources used in 

microgrid 

Techniques LCC COE 

($/KWh) 

[27] PV/BESS PVGIS × × 

[36] PV/Hydrokinetic 

energy/Biogas/WT/BESS 

HOMER × 0.5515  

[37] PV/Biogas/WT HOMER × 0.691  

[38] PV/WT/BESS HOMER × 0.315  

Proposed 

work 

PV/DG/BESS GWO √ 0.3048  
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powered microgrid are $302811 and 0.4552 $/kWh, which is 

49% more than the base value. In the end, a comparison analysis 

was conducted between LCC and COE, in relation to previous 

studies conducted at Manpura Island. The findings of this study 

conclusively demonstrate that the proposed work yields 

superior outcomes when compared to previous works. Island 

microgrids have policy implications that improve resilience by 

integrating clean energy, expanding access to electricity, and 

reducing total costs. By identifying particular sustainable 

indicators, it will undoubtedly be beneficial for policymakers to 

find appropriate microgrid designs, especially in any remote 

area of a developing country. 

The future scope entails developing an algorithm that solves 

continuous multi-objective functions. In addition, the 

implementation of managing energy savings and rescheduling 

times when demand is at its lowest can reduce peak load 

demands through an effective planning process. By putting this 

concept into practice, investment costs might be significantly 

decreased. 

NOMENCLATURE 

 

Symbols Description 

MG Microgrid 

RES Renewable energy sources 

PV Photovoltaic 

WT Wind turbine 

PHS Pump hydro system 

DG Diesel generator 

BESS Battery energy storage system 

LA Lead acid 

Li-ion Lithium-ion 

Ni-Fe Nickel - iron 

LCC Life cycle cost 

COE Cost of energy 

ICC Initial capital cost 

NPC Net present cost 

LCE Life cycle emission 

LCOE Levelized cost of energy 

LPSP Loss of power supply probability 

TAFCIL Total annual fuel consumption in liters 

NPV Number of photovoltaic panels 

NBATT Number of batteries 

SoC State of charge 

HOMER Hybrid Optimization of Multiple Energy 

Resources 

GA Genetic Algorithm 

PSO Particle swarm optimization 

GWO Grey wolf optimization 

AO&M Annual operation and maintenance 

DOD Depth of discharge 

LPS Loss of power supply 

PPV, PDG Power out of photovoltaics panels, and diesel 

generator 

Tc, Tref, Tamb Temperature of cell, reference, and ambient  

G Solar irradiation 

𝐾𝑇 Maximum power transfer coefficient 

EG, EPV, EBatt, 

EDC 

Generation of electrical energy, photovoltaics 

panels, batteries, DC 

EL Electrical load demand 

𝜂𝑐𝑜𝑛𝑣, 𝜂𝑟𝑏𝑎𝑡𝑡 Efficiency of converter and round-trip 

efficiency 

𝜎 Battery’s self-discharge rate 

𝐹𝐷𝐺 Diesel generator fuel consumption 

𝑎𝐷𝐺  , 𝑏𝐷𝐺 Diesel generator of consumption curve 

coefficients 

l liters 

h hours 

𝑆𝐸𝐶𝑂2
 Per liters diesel specific emission of carbon 

dioxide 

𝐸𝑇,𝑚𝑎𝑥 Maximum energy transferable by the 

converter 

𝑃𝑉,𝑂&𝑀, 

𝑃𝑉,𝑅𝐸𝑃 , 

𝑃𝑉,𝐹𝑈𝐸𝐿 

Present value of operation and maintenance 

costs, replacements costs, and fuel costs 

𝐶𝑃𝑉,𝑐𝑎𝑝 , 

𝐶𝐵𝐴𝑇𝑇,𝑐𝑎𝑝 , 

𝐶𝐵𝐷𝐶−𝐶𝐶,𝑐𝑎𝑝, 

𝐶𝐷𝐺,𝑐𝑎𝑝 

Capital cost of photovoltaics panels, batteries, 

bi-directional converter, and diesel generator 

𝐶𝑃𝑉,𝑒𝑟𝑒𝑐 , 

𝐶𝐵𝐴𝑇𝑇,𝑒𝑟𝑒𝑐 , 

𝐶𝐵𝐷𝐶−𝐶𝐶,𝑒𝑟𝑒𝑐 , 

𝐶𝐷𝐺,𝑒𝑟𝑒𝑐  

Erection cost of photovoltaics panels, 

batteries, bi-directional converter, and diesel 

generator 

𝐶𝑃𝑉,𝑂&𝑀 , 

𝐶𝐵𝐴𝑇𝑇,𝑂&𝑀 , 

𝐶𝐵𝐷𝐶−𝐶𝐶,𝑂&𝑀 

𝐶𝐷𝐺,𝑂&𝑀 

Operation and maintenance cost of 

photovoltaics panels, batteries, bi-directional 

converter, and diesel generator 

𝐶𝐵𝐴𝑇𝑇,𝑅𝐸𝑃 , 

𝐶𝐷𝐺,𝑅𝐸𝑃 

Replacement cost of batteries, and diesel 

generator 

y Discount rate 

𝐼𝑛𝑜𝑚 Nominal interest rate 

x Inflation rate 

N Life span 

𝑁𝐶  Life duration of each component 

𝑁𝑟 Number of component replacements required 

CRF Capital recovery factor 

VBATT, SBATT Voltage and rated capacity of the battery 
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