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Abstract – Going by the recent trends, the application of Renewable Energy Sources (RESs) has grown significantly across the 
world. Still, the integration of grid with photovoltaic (PV), wind and battery, remains a critical challenge as it results into power 
quality issues. To address the increasing need for electricity caused by industrialization and growing population, hybrid PV, wind, 
and battery combinations are used in this study. To accomplish an optimal energy management, this research proposes the multi-
objective multi-verse optimization (MOMVO) approach, along with the modified perturb and observe (MP&O) technique. The 
proposed MOMVO-MP&O controller operates between the wind turbine and the battery storage system, for providing optimal 
power distribution and stability. The suggested model is evaluated alongside three other popular controller combinations that are, 
multi-verse optimization-perturb and observe (MVO-P&O), MVO-MP&O, and MOMVO-P&O. A comparative analysis is conducted, 
with existing methods namely, Modified-Fuzzy Direct Power Control (MF-DPC) and Adaptive Neuro-Fuzzy Inference System (ANFIS) 
also. From the analyzed results of this comparison, the proposed MOMVO-MP&O achieves lesser Total Harmonic Distortion (THD) of 
1.86%, which demonstrates its efficiency in addressing power quality issues using hybrid RES systems.

Keywords: energy management strategy, photo voltaic, multi-objective multi-variable optimization, renewable energy sources, 
total harmonic distortion
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1.  INTRODUCTION

The global search for sustainable and efficient ener-
gy solutions has been growing in the recent years, with 
a major focus on integrating renewable energy sources 
into different parts of the energy infrastructure. This 
innovative technology is focused on PV systems, wind 
turbines, and an enhanced battery storage [1, 2]. When 
combined effectively, these renewable energy sources 
have the revolutionary potential to significantly im-
prove tiny grid systems. Grids as localized and decen-
tralized energy distribution networks are an example 
of modern energy innovation allowing communities, 
institutions, and businesses achieve higher resilience 

and energy stability [3, 4]. PV and wind energy trans-
mission is constrained by location and intermittent-
ness. An indeterminate source is the consequence of 
both sources irregular power output, which is reliant 
on weather conditions. Moreover, RES are frequently 
situated distant from cities, necessitating energy-lossy 
transmission across long distances. Due to wind energy 
and solar are irregular and vulnerable for environmen-
tal fluctuations. Thus, additional intrusion into the pow-
er systems can produce significant technological issues 
especially in weak grids. Moreover, difficulties involving 
infrastructure regulations restrict the development of 
effective transmission. The renewable energy's poten-
tial offers better storage facilities, grid management, as 
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well as policy assistance to deal with these problems [5, 
6]. The progress and availability of PV technology have 
propelled, leading the field of renewable energy sourc-
es. Solar energy, particularly in areas where sunshine is 
common are easily integrated into grids to provide a 
continuous and sustainable power source. Because so-
lar PV installations are scattered, they enable localized 
generation, thereby reducing the pressure on central-
ized power networks and enhancing the energy self-
sufficiency within grids [7, 8]. Wind turbines, another 
major component of the renewable energy environ-
ment, generate electricity by harnessing wind kinetic 
energy. Wind energy is reliable and abundant, mak-
ing it an ideal resource for powering microgrids [9,10]. 
Wind turbines are strategically placed within or near 
grid areas to make use of natural wind patterns, and 
thus contribute to diversifying the mix of energy sourc-
es [11]. Wind’s nature is reduced by combining it with 
other renewable energy sources and deploying energy 
storage devices, resulting in a continuous and stable 
power supply that is able to satisfy the grid's needs. In 
the field of energy storage, advanced battery technolo-
gies play a crucial role for optimizing renewable energy 
integration into the grid systems. The battery serves 
an important role by storing excess energy generated 
from PV and wind sources throughout peak production 
for later use during low power periods [12, 13]. Energy 
storage systems improve grid stability, regulate load 
variations, and help to properly balance supply and 
demand. Batteries enable microgrids to run indepen-
dently by storing excess renewable energy, increasing 
resilience and lowering dependency on external power 
sources [14]. When the renewable energy sources: PV, 
wind, and battery storage are coupled in a micro-grid 
system, a synergistic energy infrastructure is created. 
Solar PV arrays and wind turbines generate electricity 
which is then stored in batteries or distributed directly 
to the microgrid. Their ability to seamlessly integrate 
different sources assures a consistent and stable en-
ergy supply, addressing the microgrid's specific energy 
requirements while minimizing their reliance on tradi-
tional fossil fuel-based generators [15, 16]. The incor-
poration of renewable energy sources into micro-grids 
represents an evolution in the approach to energy gen-
eration, distribution, and consumption [17]. It is consis-
tent with global efforts to decrease carbon emissions, 
mitigate climate change, and accomplish long-term 
development ideas. Recent technology advancements 
utilize micro-grids, offering resilient energy solutions 
for global communities, and promoting sustainability 
on a broad scale [18]. Challenges in integrating PV, bat-
tery, and wind for grid improvement include intermit-
tent energy supply, storage optimization, output vari-
ability, and grid stability.

Sahri et al. [19] implemented MF-DPC to improve 
system performance and current quality. An enhanced 
Maximum Power Point Tracking (MPPT) algorithm was 
also developed using a Fuzzy Controller (FC) for opti-
mizing solar power. This method demonstrated nota-

ble performance improvements, especially in adverse 
weather and variable load conditions. However, NF-
DPC depended on pre-trained models, making it chal-
lenging to adapt to real time to dynamic grid changes, 
hindering its responsiveness and grid stability during 
rapid fluctuations. Gulzar et al. [20] introduced a Bat-
tery Energy Storage System (BESS) to manage model-
ing, control, energy management, and operations in a 
hybrid grid-connected setup. A hybrid system combin-
ing PV, wind, and fuel cell (PV-Wind-FC) with an elec-
trolyzer, and BESS was proposed to efficiently minimize 
the control loops and converters. This design eliminat-
ed the need for a dedicated PV converter, thus enhanc-
ing cost-effectiveness and preventing BESS overcharg-
ing. Nonetheless, the BESS method needed to enhance 
the system by integrating nonlinear controllers in wind, 
fuel cell, and the electrolyzer components. This is be-
cause nonlinear controllers improved the BESS by ad-
dressing complex dynamics and optimizing renewable 
energy integration and performance. Maaruf et al. [21] 
developed Hybrid RES (HRES) to improve reliability 
and efficiency using renewable technologies. A robust 
control strategy validated across diverse HRES condi-
tions, affirming its effectiveness and adaptability was 
established. Nonetheless, to accomplish system opti-
mization, it needed to integrate hybrid energy storage 
systems for supplementary support so as to upgrade 
the overall performance in HRES. This is because the in-
tegrating hybrid energy storage enhanced the system’s 
stability, reliability, and efficiency by combining diverse 
storage technologies to improve performance in HRES. 
Cholamuthu et al. [22] created a grid-integrated re-
newable energy system featuring a hybrid series active 
power filter system controlled by an ANFIS. This setup 
was designed to cater to nonlinear or sensitive loads. 
The strategy involved sharing renewable energy with 
the grid, minimizing reliance on conventional electric-
ity, and showcasing the potential for reduced grid con-
sumption. However, additional information about the 
ANFIS approach was required to provide a comprehen-
sive explanation for ensuring an in-depth knowledge 
of its operation, capabilities, and prospective applica-
tions. Ibáñez-Rioja et al. [23] introduced a Levelized 
Cost of Hydrogen (LCOH) calculation considering the 
capital and operating expenses, along with the learn-
ing curves for system components. This approach 
aimed at enhancing the electrolyzer full-load hours 
and minimizing electricity wastage in off-grid plants. 
Nonetheless, further improvement was required in the 
suggested method for future generation through am-
plifying efficiency and sustainability. This was because 
it was possible to enhance sustainability and efficiency, 
so as to enable surplus electricity sales that ensured 
system optimization and revenue generation in LCOH.

Hence, MOMVO-MP&O is used to address problems 
with the existing methods which include inadequate 
renewable energy integration, grid instability, and inef-
ficient power management, ultimately enhancing the 
grid performance by optimizing resource utilization 
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and control strategies The proposed MOMVO counters 
these challenges through optimal resource allocation 
and management, thereby enhancing grid perfor-
mance and reliability. The contributions of the research 
are as follows;

•	 A combination of MOMVO and MP&O controllers 
is designed to develop an effective EMS to satisfy 
the load demand. The MOMVO is preferred due to 
its higher convergence rate to effectively switch be-
tween wind turbine and battery.

•	 The MOMVO-MP&O is used in the RES system to 
activate DC-DC converters, which results consistent 
power supply at different temperatures and irradi-
ance levels

•	 MOMVO-MP&O enhances the grid optimization by 
balancing multiple objectives simultaneously, then 
optimizing efficiency, reliability, and sustainability 
for more resilient energy management.

The rest of the paper is organized as follows: Section 
Section 2 describes the proposed methodology of this 
research. Section 3 and Section 4 describe the results 
and conclusion of this overall research.

2.  COMpONENT MODElING Of hybRID ENERGy 
SySTEMS

This research employs three distinct energy systems: 
PV modules, batteries, and wind turbines, each charac-
terized by mathematical models as follows.

2.1. phOTOVOlTAIC MODUlES

Photovoltaic modules are used in the grid to gener-
ate sustainable energy, while the PV modules in MOM-
VO-MP&O contribute to grid power using MPPT con-
trol, hence amplifying grid sustainability. The system 
voltage and capacity are determined by connecting 
the PV panel either in parallel or in series connection 
[24]. The MPPT method is considered in the PV system 
to increase PV output power. The following equation 
(1) is used to identify the output power that depends 
on the IM and VM.

(1)

Eqs. (2) and (3) provide the MPPT current and volt-
age, respectively.

(2)

(3)

In this context, ISC signifies the short circuit current, C1 
and C2 represent capacitance, VM stands for the maxi-
mum voltage and VOC denotes the open circuit voltage. 
The C1, C2, ∆I(t) and ∆T(t) of Eqs. (2) and (3) are respec-
tively expressed in the Eqs. (4-7).

(4)

(5)

(6)

(7)

Where, IM signifies the maximum current, GT(t) de-
notes the radiation of the incident on the PV surface, Tc 
represents the cell temperature, and Tc,ref denotes the 
PV temperature in normal situations.

2.2. WIND TURbINE MODEl

When PV is idle, wind turbines provide electricity, as-
suring continuous power output for system stability. 
Wind turbines in MOMVO-MP&O maximize their abil-
ity to produce electricity through system controls, thus 
improving the grid sustainability and performance. The 
output power of a wind turbine is essentially deter-
mined by elements such as rated capacity, hub height, 
and specific wind speed characteristics, as shown in 
reference [24]. For variable speed operation in this re-
search, a wind turbine model based on Doubly Fed 
Induction Generator (DFIG) is used. These wind speed 
characteristics contain the cut-off voltage (Vcf), rated 
speed (Vrs) and cut-in voltage (Vci). The output of the 
wind turbine power is calculated using Eq. (8).

(8)

Here, rated power and wind turbine output are cor-
respondingly are denoted by Po and Prs, where (a=Prs) ⁄ 
(Vrs

3 - Vci
3) and b=(Vci

3) ⁄ (Vrs
3 - Vci

3). At a specific height level 
using the supplied Eq. (9), the speeds are analyzed and 
then transformed based on the actual turbine speed.

(9)

In this context, Vhub represents the wind turbine 
speed, Zhub stands for the actual height of the wind 
turbine and V0 represents the wind speed at the refer-
ence height. Additionally, α represents the power law 
exponent utilized in the evaluation and Z0 denotes the 
height of the wind speed measurement.

2.3. bATTERy MODEl

Batteries supply power when wind turbines are inac-
tive, ensuring consistent energy and maintaining grid 
stability during fluctuations. Batteries store surplus 
energy, guaranteeing grid stability and reliability. In 
MOMVO-MP&O, batteries are managed for peak load 
support and power quality optimization. RES exhibits 
variable output power owned to fluctuating environ-
mental conditions. Eqs. (10) and (11) detail the charg-
ing and discharging processes of the battery, with a 
focus on State of Charge (SOC) conditions. Specifically, 
battery charging occurs when the combined power 
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output from PV and wind turbines surpasses the load 
requirements. Equally, discharge operations are initiat-
ed when the load demand exceeds the available power 
from renewable energy sources, as referenced in [25]. 

(10)

(11)

Where, the battery's charging and discharging states 
are correspondingly denoted by SOC and SOC(t-1), while 
the discharge rate over one hour is denoted as σ. The 
power from renewable energy sources and load power 
are denoted by PRES and PL, respectively. Additionally, 
the efficiency parameters include ηinv for the inverter, 
ηch for charging, and ηdisch for discharging. Hence, the 
proposed MOMVO-MP&O system receives electrical 
output from PV modules, wind turbines, and batteries. 
It optimizes their utilization, guaranteeing efficient en-
ergy generation, storage and distribution for enhanced 
grid performance and sustainability, as described brief-
ly in the suggested system.

2.4. pROpOSED SySTEM

The electrical output from PV modules, wind tur-
bines, and batteries are fed into the suggested system 

to enhance the grid performance. The system optimiz-
es energy utilization and distribution for an improved 
grid efficiency. This research develops an effective 
energy management method that makes use of two 
unique RES and a storage device. PV modules and wind 
turbines are the primary RES units evaluated for EMS. In 
addition, it includes a battery as a storage medium for 
excess electricity generated by both the PV modules 
and the wind turbines. The PV modules serve as the pri-
mary energy source, while the wind turbines serve as 
a supplementary supply, further allowing to efficiently 
balance load demand. When the PV modules and wind 
turbines are unable to generate enough energy to sat-
isfy the load requirement, the battery serves as a back-
up power source. It uses the Perturb and Observe with 
Modified Incremental Conductance MP&O algorithm 
to optimize the performance of the PV modules. This al-
gorithm activates the DC-DC converter linked with the 
PV modules, establishing peak power even when the ir-
radiance and temperature are changing. Furthermore, 
MOMVO system is employed to control the battery 
and wind turbine’s ON and OFF states. This improves 
the overall system control and administration. Fig. 1 
displays the flow diagram and operation of a grid-con-
nected RES that is integrated with the MOMVO-MP&O 
controller, providing clarity and comprehension of how 
the system works. 

fig. 1. Flow diagram of RES with the proposed MOMVO-MP&O controller
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2.4.1. Multi Verse Optimization (MVO)

In this research, an innovative approach is intro-
duced to improve the grid performance through the 
utilization of the MOMVO. MVO is used to improve grid 
performance using PV solar panels, wind turbines, and 
energy storage technologies such as batteries. The 
fundamental goal is to create a more efficient, stable, 
and long-lasting grid infrastructure. The problem with 
these diverse energy sources is optimizing their com-
plicated interactions. During optimization, the follow-
ing Eqs. (12-13) are applied to the universes of MVO.

(12)

Where, n is the number of universes (candidate solu-
tions) and d is the number of parameters (variables).

(13)

The jth universe N1 (Ui) is normalized inflation rate 
is connected with parameters, which are represented 
by xi

j. Furthermore, kth universe's parameters, xk
j, are 

selected through a roulette wheel method that uses a 
random integer r1. Assume that wormhole tunnels con-
tinuously connect each universe with the best universe 
developed at this point to boost local alterations and 
raise the possibility of improving inflation rates. The 
mechanism is organized in the Equation (14).

(14)

The mechanism is performed by the best universe jth 
parameter, represented by Xj. The jth variable's lower and 
upper limits are represented by lbj and ubj, respectively, 
whereas TDR and WEP are used as coefficients. Addition-
al random numbers that contribute to the process are 
r2, r3, and r4, all of which fall within the interval [0, 1]. 
Furthermore, WEP, TDR is gradually increased between 
iterations to provide a more precise local search around 
the optimal universe. Eqs. (15–16) illustrates the formula 
for updating both coefficients.

(15)

Where, min is the minimum max, l indicates the cur-
rent iteration, and L denotes the maximum iterations.

(16)

The roulette wheel selection that is carried out for 
every factor in each universe all throughout iterations 
have a computational cost of either O (n) or O (logn), 
depending upon the way it is implemented. The Eqs. 
(17-18) mathematically demonstrate the entire compu-
tational load.

O (MVO)=O (l (o (Quick sort) 
+n×d×(o (roulette wheel))) (17)

O (MVO)=O (l (n2+n×d×logn)) (18)

Where, n is the number of universes, l is the maximum 
number of iterations, and d is the number of objects. 
Hence, MVO faces challenges in accurately modeling 
complex, variable renewable energy inputs, alongside 
dealing with infrastructure constraints, high compu-
tational demands, sensitivity to input parameters, 
and real-time adaptability. Optimizing the integration 
and accommodating evolving technologies within its 
framework remains essential for effective grid improve-
ment using PV, wind, and battery systems.

2.4.2. Multi- Objective Multi-Verse 
 Optimization (MOMVO)

Integrating PV, wind, and battery systems presents 
challenges in optimizing the grid performance using 
MVO. Single-objective MVO struggles to balance the 
competing objectives like maximizing renewable ener-
gy integration while maintaining grid stability. MOMVO 
addresses this by considering multiple goals, offering a 
more comprehensive approach. MOMVO optimizes vari-
ous objectives such as maximizing renewable energy 
utilization and minimizing grid fluctuations, navigating 
the complex decisions inherent in energy grid optimi-
zation. It identifies a range of Pareto-optimal solutions 
by simultaneously exploring diverse solution spaces, 
enabling decision-making based on preferences and 
priorities. MOMVO allows stakeholders to select from a 
variety of different solutions, helping grid operators and 
algorithms in achieving a balance between renewable 
energy integration and grid stability, ultimately contrib-
uting to a better sustainable energy grid.

2.4.2.1. Cost of Electricity

It is characterized as the unit of cost per unit of de-
livered energy produced by hybrid micro-grid, as illus-
trated in the Equation (19).

(19)

Were, ∑ h=1      p1 (h) represents the summation of the 
annual energy output over the entire year.

2.4.2.2. loss of power Supply possibility

Minimizing the LPSP which results from inadequate 
energy to provide the load is crucial to boosting system 
dependability. LPSP is used to minimize disconnection 
probabilities, focusing on resilience and autonomy in 
localized systems, reflecting a strategic shift towards 
robust, islanded configurations in goal-oriented frame-
works. Equation (20) represents the mathematical ex-
pression of LPSP.

h=8760

(20)



890 International Journal of Electrical and Computer Engineering Systems

Were, ∑PL (t) represents the summation of the to-
tal power demand, PW (t) represents power generat-
ed by wind turbines at time t. Then, Ebmin represents 
the Minimum allowable energy level in the batteries. 
Finally, Pdiesel represents the Power generated by die-
sel generators.

2.4.2.3. Renewable factor (Rf)

The RF evaluates the output rate of traditional diesel 
generation in the renewable energy source. Equation (21) 
demonstrates how the RF is expressed mathematically.

(21)

Ultimately, MOMVO enhances grid performance 
through sustainable, efficient, and balanced renewable 
energy integration. MOMVO's improvement in grid effi-
ciency with PV, wind, and solar lies in generating a wide 
array of solutions representing potential differences 
between objectives. It explores the problem space, 
addressing goals like increasing renewable energy 
generation and reducing grid instability. The process 
involves evolving a population of solutions through 
different "verses," similar to distinct solution spaces, 
utilizing evolutionary algorithms or simulated anneal-
ing. Iterations refine outcomes, leading to a collection 
of Pareto-optimal solutions, where enhancing one ob-
jective may compromise another. MOMVO empowers 
stakeholders to choose from a variety of different so-
lutions, helping grid operators and strategists achieve 
a balance between renewable energy integration and 
grid stability, ultimately contributing to a better, sus-
tainable energy grid.

The two key improvements made in MOMVO to en-
hance grids are:

•	 Optimized Renewable Energy Integration

MOMVO improves grid performance by optimizing 
the integration of renewable energy sources like PV, 
wind, and solar. It focuses on maximizing the utilization 
of these sources while considering various objectives 
such as energy generation and grid stability. Through 
multi-objective optimization, MOMVO finds the best 
compromise solutions that efficiently integrate renew-
able energy into the grid, guaranteeing a sustainable, 
low-carbon energy mix.

•	 Enhanced Grid Stability and Reliability

MOMVO demonstrates further upgradation by effec-
tively addressing grid stability and reliability concerns, 
enhancing the overall performance in power distribu-
tion systems. It optimizes the allocation and manage-
ment of renewable energy resources to minimize grid 
fluctuations and enhance stability. By considering mul-
tiple conflicting objectives including voltage regula-
tion, frequency control, and power quality, the MOMVO 
ensures a more stable and reliable grid. This results in a 
resilient energy infrastructure capable of accommodat-
ing intermittent renewable energy sources and meet-

ing varying demand patterns while maintaining grid 
integrity. In addition, the MOMVO is deployed to solve 
the MPPT problem which is the process of solving MPPT 
using MOMVO, as explained in the following section. 

2.4.2. MOMVO control of pV, battery,  
 and wind turbine

In the research, MOMVO controls the ON/OFF states of 
the wind turbine and battery by using power from the 
PV module, wind turbine, battery, and load. According 
to MOMVO duty cycle (modulation index), the wind tur-
bine and battery's ON/OFF states are determined. Until 
the system uses MOMVO in MPPT to reach MPP, the duty 
cycle is updated continually. Controlling the power gen-
eration and utilization of PV modules, wind turbines, and 
batteries in an energy system involves smart coordina-
tion to ensure efficient and continuous power supply. 
Here is a brief explanation of the control strategy:

•	 pV Module Control

When the solar irradiance is insufficient or during 
nighttime, the PV modules are turned OFF to conserve 
energy. This prevents the system from attempting to 
generate power when sunlight is unavailable. When so-
lar irradiance is significant, the PV modules are activated 
to connect solar energy and convert it into electricity.

•	 Wind Turbine Control

Wind turbines are turned ON when wind speeds are 
within the optimal range for power generation. They 
capture wind energy and convert it into electrical 
power. Conversely, during high wind speeds or main-
tenance, the wind turbines are turned OFF to prevent 
potential damage and establish safe operation.

•	 battery Control

Batteries play a crucial role in storing excess energy 
generated by PV modules and wind turbines. When 
both PV modules and wind turbines are generating ex-
tra electricity, the excess power is stored in the battery 
for later use. The stored energy in the battery is utilized 
during periods of low renewable energy resources, 
ensuring a stable power supply by meeting load re-
quirements effectively. This control strategy aims to 
optimize the utilization of renewable energy sources 
while maintaining a reliable power supply. It ensures 
that power generation order with the availability of so-
lar irradiance and wind, and excess energy is efficiently 
stored and utilized, amplifying the overall efficiency 
and sustainability of the energy system.  

2.5. p&O MODIfICATION fOR TRIGGERING 
 pV MODUlE

The results generated by the MOMVO are fed to the 
MP&O method for further processing and control. The 
modified P&O method is used in PV/Wind/Battery sys-
tems, addressing drawbacks of the P&O approach for en-
hanced performance. Unlike the conventional methods 
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prone to nonstop oscillations around MPP and devia-
tion, the modified version utilizes both PV module volt-
age and current to accurately determine power and trig-
ger the DC-DC converter switches, strengthening MPPT 
efficiency. The conventional P&O method considers only 
change in voltage (ΔV) and change in power (Δp), but 
the modified P&O method considers change in current 
(ΔI) as a third parameter to enhance the performance of 
MPPT. Through the modified P&O method, a total of 8 
operating point perturbation cases are identified. Four 
cases mirror the conventional P&O method while the 
remaining four are tailored to sudden irradiation level 
changes. Detection of opposite signs in ΔI and ΔV signi-
fies a PV module in fixed illumination, contrasting with 
fluctuating conditions. The modified P&O behaves like 
the conventional method under consistent solar irradia-

tion. In cases of poor tracking within the PV/Wind/Bat-
tery system, the tracking speed is augmented by dou-
bling the step size, ensuring a prompt response to dy-
namic conditions. This modified P&O effectively controls 
the PV module when there is a change in power due to 
the perturbation of reference voltage and variation in 
sunlight. Fig. 2 depicts the controller architecture used 
in this PV/wind/battery system.

The effectiveness and resilience of the suggested 
method become apparent when observing its adept han-
dling of power generation amidst fluctuating loads. The 
EMS control model ensures optimal power generation 
by managing system operations in response to varying 
loads. Furthermore, it distinctly showcases the system's 
efficiency in charging and discharging processes.

fig. 2. Architecture of MOMVA-MP&O controller design

3. EXpERIMENTAl SETUp AND RESUlTS

Many experiments are conducted to validate the ef-
fectiveness of the proposed Multiple-Objective Multi-
Variable Optimization (MOMVO) for the 3S configu-
ration, encompassing the patterns of 1, 2, and 3. This 
evaluation is performed under dynamic insolation 
levels as depicted in Tables 1, 2 and 3. Hence, the ex-
isting methods such as MultiVerse Optimization Per-
turb Observe (MVO-P&O), Multi-Verse Optimization 
– Modified Perturb Observe (MVO-MP&O) and Multi-
Objective Multi-Verse Optimization – Perturb Observe 
(MVO-MP&O) are analyzed based on the performance 
analysis of power rating, extracted power, time track-
ing, number of iterations and maximum efficiency. 
Additionally, the specifications of PV, wind and bat-
tery systems are illustrated in Table 1. The simulation 
diagram of the proposed method is illustrated in Fig. 3. 

power systems Specifications Values

PV

STC power rating 150 W

Open circuit voltage (V_oc) 23.3V

Minimum power circuit (I_mp) 7.87 A

Minimum power Voltage (V_mp) 17.8V

Wind systems

Type Espanda

Cut off wind speed 3 m/s

Cut in wind speed 25 m/s

No. of blader 2

Battery

Type GFM-100

Rated voltage 2V

Rated capacity 100Ah

Hourly self-discharge rate 0.0001

Table 1. Specifications of PV, Wind and solar
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fig. 3. Simulation diagram of the proposed method

3.1. pATTERN- 1

In this research, a 250 W PV array is subjected to vary-
ing irradiance levels in a partial shading scenario, while 
maintaining a relatively consistent temperature range 
of T = 25 to 25.5 °C. At t = 0 s, the MPPT algorithms are 
sequentially initiated, each corresponding to irradiance 
levels of G = 1000, 300, and 600 W/m2 on the respective 
PV. The MPPT algorithms' experimental waveforms are 
shown in the figure and tables below. The outcomes 
proved that the suggested method achieves superior 
performances in terms of power rating, extracted pow-
er, time tracking, number of iterations and maximum 
efficiency. The existing methods such as MVO-P&O, 
MVO-MP&O, and MOMVO-P&O respectively achieve 
91.56%, 93.41%, and 78.74%, in terms of maximum ef-
ficiency, whereas the suggested MOMVO-MP&O meth-
od achieves a superior maximum efficiency of 98.51%, 
as illustrated in Table 2 and Fig. 4. 

fig. 4. Graphical representation of the proposed 
method for Pattern-1

Table 2. Evaluation of the proposed MOMVO with 
metaheuristic algorithms for pattern-1 performance 

analysis

Methodology
power 
rating 

(W)

Extracted 
power 

(w)

Time 
Tracking 

(s)

Number 
of 

Iterations

Maximum 
Efficiency 

(%)

MOMVO -MP&O

104.50

104.21 0.35 13 98.51

MVO -P&O 103.45 1.50 13 91.56

MVO -MP&O 103.36 1.48 15 93.41

MOMVO-P&O 85.65 0.78 10 78.74

3.2. pATTERN- 2

The MPPT algorithms are sequentially initiated at dif-
ferent irradiance levels: 450, 750, and 650 W/m2 for the 
first, second, and third PV modules, as described in this 
research. The experimental waveforms are illustrated in 
Fig. 4. Table 3 presents the response times of the MPPT 
algorithms to reach stability near the power point for 
these conditions with a 123.88 W of global power. By 
employing the proposed MOMVO process in a PV sys-
tem, a peak power of 122.88 W is attains within 0.54 
seconds and fifteen iterations, showcasing the effec-
tiveness of the MOMVO algorithm in achieving optimal 
power tracking. The results show that the suggested 
method attains greater performances in terms of pow-
er rating, extracted power, time tracking, number of 
iterations, and maximum efficiency. The existing meth-
ods namely, MVO-P&O, MVO-MP&O and MOMVO-P&O 
correspondingly achieve 93.52%, 93.74% and 82.80% 
in terms of maximum efficiency, whereas that of the 
suggested MOMVO-MP&O method is 98.50%, as illus-
trated in table 3 and Fig. 5. 
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Table 3. Evaluation of the proposed MOMVO 
with metaheuristic techniques for pattern-2 

performance analysis

Methodology
power 
rating 

(W)

Extracted 
power 

(w)

Time 
Tracking 

(s)

Amount 
of 

Iterations

Maximum 
Efficiency 

(%)

MOMVO -MP&O

123.88

123.12 0.45 13 98.50

MVO -P&O 122.14 1.30 20 93.52

MVO -MP&O 120.48 0.60 16 93.74

MOMVO-P&O 116.12 0.78 15 82.80

fig. 5. Graphical representation of the proposed 
method for Pattern-2

3.3. pATTERN- 3

For pattern 3, the first, second, and third PV modules 
experience irradiances of 1000, 600, and 600 W/m2, re-
spectively. Analysis of the P-V curve reveals two peaks 
with the global maximum at the second peak and a 
local maximum at the leftmost peak. The maximum 
power output for pattern-3 is measured at 157.95 W. 
The typical MVO algorithm with a tracking duration of 
1.31 s and an MPPT value of 156.67 W produce pow-
er waveforms with steady-state oscillations identical 
to patterns 1 and 2. In addition, the PSO algorithm is 
used in pattern-3 which achieves MPPT in 15 iterations 
with a global peak power of 138.66 W, and a tracking 
time of 1.02 seconds. PSO dominates those obtained 
by MOMVO in average. By making similar observations 
for the remaining rows, it attains better performance 
of MOMVO solutions. The results prove that the sug-
gested method achieves higher performances in terms 
of Power rating, extracted power, Time tracking, num-
ber of iterations, and Maximum Efficiency. The existing 
methods namely, MVO-P&O, MVO-MP&O, and MOM-
VO-P&O correspondingly accomplish 90.54%, 94.34% 
and 93.80% in terms of maximum efficiency, whereas 
the suggested MOMVO-MP&O method accomplishes a 
higher performance with 98.80%, as outlined in Table 
4 and Fig. 6.

Methodology
power 
rating 

(W)

Extracted 
power 

(w)

Time 
Tracking 

(s)

Number 
of 

Iterations

Maximum 
Efficiency 

(%)

MOMVO -MP&O

157.95

158.48 0.35 12 98.80

MVO -P&O 157.69 1.25 20 90.54

MVO -MP&O 157.75 0.10 17 94.34

MOMVO-P&O 157.65 1.40 14 93.80

Table 4. Evaluation of the proposed MOMVO with 
metaheuristic algorithms for pattern-3 performance 

analysis

fig. 6. Graphical representation of the proposed 
method for pattern-3

3.4. COMpARATIVE ANAlySIS

To test the efficiency of grid-connected RES using the 
MOMVO controller, a comparative analysis is conduct-
ed against the pre-established RES system designs, 
MF-DPC [19] and ANFIS [22]. This comparison primar-
ily focuses on evaluating the MOMVO-MP&O control-
ler's performance in terms of THD. From the results, it 
is evident that the existing method MF-DFC achieves 
3.9% and ANFIS achieves 3.85% for THD performance 
matrices. When contrasted against the existing meth-
ods, the introduced method accomplishes a superior 
THD value of 1.86%. The novel MOMVO-MP&O strate-
gically addresses the existing issues by minimizing the 
harmonic distortion more effectively than the existing 
approaches. Its meticulous parameter tuning and in-
novative algorithmic design synergistically mitigate 
distortions, showcasing commendable performance 
in harmonic reduction across diverse scenarios. Table 
5 and Fig. 7 exhibit the contrast between the proposed 
method and previous methods.

fig. 7. Comparison of THD for MOMVO and existing 
methods

Table 5. Comparison of THD for MOMVO and 
existing methods

Method ThD (%)
MF-DPC [19] 3.9

ANFIS [22] 3.85

MOMVO-MP&O 1.86

4. CONClUSION

This research proposed the combination of MP&O 
with MOMVO to design an efficient EMS that involves 
PV, wind, and battery system. The system's total energy 
density is increased when a battery is used together with 
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the RES. Applying the modulation index from MOMVO, 
the battery and wind turbine can be switched on and 
off efficiently. Additionally, the MP&O technique is used 
to obtain steady power from the grid-connected RES 
by enabling the DC-DC converter. Furthermore, capaci-
tor banks are used to prevent power spikes in the given 
power. The grid-connected RES system MOMVO-MP&O 
controller is examined at different temperatures and ir-
radiance levels. With the inclusion of the MP&O's current 
change and the increased MOMVO convergence rate, an 
efficient EMS operated by a PV, wind, and battery system 
can be produced. Additionally, when compared to exist-
ing methods namely MF-DPC and ANFIS the proposed 
MOMVO-MP&O have achieved better performances 
in terms of THD. The results demonstrated that a sig-
nificantly higher THD value of 1.86% which is relatively 
higher than existing models. In future, the proposed 
model can be enhanced by considering more random 
and uncertain factors in the generation, load demand 
and smart battery charging technology.
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