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Abstract :  This study centers on the optimization of battery energy storage systems (BESS) by identifying critical factors that 

influence their efficiency and longevity. The research aims to investigate how enhancing these factors can positively impact the 

overall efficiency of a power system within a microgrid incorporating wind power plants. To achieve this objective, a permanent 

magnet synchronous generator (PMSG) is utilized to convert wind energy by linking a three-phase dynamic load to the grid. The 

primary innovation of this approach lies in the development of an intelligent backup battery system designed to augment the 

effectiveness of the wind farm by preserving operational integrity, even in the face of severe failures in the power generation 

component. For the initial exploration, the characteristics of the Battery Energy Storage System (BESS) are fine-tuned through 

the application of nine distinct evolutionary algorithms, encompassing the genetic algorithm (GA), teaching–learning-based 

optimization (TLBO), particle swarm optimization (PSO), gravitational search algorithm (GSA), artificial bee colony (ABC), 

differential evolution (DE), grey wolf optimizer (GWO), moth–flame optimization algorithm (MFO), and sine cosine algorithm 

(SCA). The outcomes yielded by each of these algorithms are subsequently compared and analyzed. 

IndexTerms - A micro grid, a permanent magnet synchronous generator (PMSG), a wind turbine, a battery energy storage 

system (BESS), a reliable management strategy, and (MG) 

I. INTRODUCTION 

In today's world, the direct link between the global population's growth and the escalating demand for electricity as 
a dependable and environmentally friendly energy source is undeniable. This growing reliance on electricity has given rise 
to pressing issues, including environmental concerns, power system stability challenges, and doubts about the reliability 
of our energy infrastructure. As a result, governments and researchers have been compelled to explore innovative 
solutions. Renewable energy sources, contingent upon geographical locations, offer a diverse array of options. Among 
these, wind energy emerges as a particularly promising source for meeting electricity demands. Wind farms employ 
various types of wind turbines, and in this context, the Permanent Magnet Synchronous Generator (PMSG) stands out. 
Unlike traditional coil-based generators, a PMSG employs a permanent magnet to generate an excitation field. The term 
"synchronous" refers to the synchronized rotation of both the rotor and the magnetic field, resulting in remarkable 
advantages such as high conversion efficiency and power density. 

However, the inherent variability of natural wind patterns presents challenges, especially concerning power system 
stability. The proportion of electricity sourced from wind energy is constrained by the fluctuations in power generation. If 
this proportion surpasses 20%, grid power supply must become more consistent and stable during electricity dispatch. To 
address this, a fuzzy logic-based technique has been proposed to regulate charge/discharge times and battery parameters. 
Additionally, an adaptive online approach has been explored to adapt economic generation control rules within 
microgrids, ensuring network security and managing battery charging cycles effectively. 

Furthermore, Meghni et al. introduced a model incorporating a PMSG in a variable-speed wind turbine (VSWT) in 
conjunction with Battery Energy Storage Systems (BESS). 

 
This study also evaluates three battery technologies – lead-acid (LA), lithium-ion (Li-ion), and nickel-cadmium (NI-

Cd) – assessing their lifetimes, depth of discharge (DOD), and relative costs. It acknowledges the challenges of imperfect 
generation forecasting and participation in energy and Frequency Control Ancillary Services (FCAS) markets. These 
challenges are framed as an optimization problem aimed at maximizing the Net Present Value (NPV) of both the battery 
and the wind farm while considering diverse market conditions and technological constraints. The research highlights 
that sophisticated integration and control methods for wind farm-battery systems can significantly enhance financial 
returns for asset owners by providing valuable system services. These services extend beyond electricity and FCAS, 
encompassing enhanced control over the wind farm's power generation. Importantly, these opportunities appear to align 
with a relatively traditional wholesale market framework. 

 
The study includes a case study simulation conducted with Dig SILENT/Power Factory in Germany, comparing 

system performances while considering the BESS. Additionally, the proposed method is applied to a real case study in 
French Guiana, where results validate a reduction in energy losses. 
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The integration of renewable energy sources, particularly wind power, into the modern electricity grid marks a 
pivotal step toward a sustainable and environmentally responsible energy future. Wind power plants tap into the kinetic 
energy of the wind to generate electricity, offering a clean and renewable energy source. However, the intermittent nature 
of wind power generation poses unique challenges to grid stability and reliability. 

 
Battery Energy Storage Systems (BESS), characterized by versatility and rapid deployability, provide a solution to 

mitigate the variability of wind power. When strategically integrated into the energy ecosystem, BESS can store surplus 
energy during periods of high wind generation and release it during peak demand or calm wind conditions, contributing 
significantly to grid stability. 

 
This process of optimizing BESS data in the presence of Wind Power Plants is a dynamic and intricate endeavor that 

demands advanced data analytics, real-time monitoring, and sophisticated control systems. In this exploration, we delve 

into the crucial considerations, strategies, and technologies essential for achieving efficient and sustainable energy 

management. By synergizing the capabilities of wind power and BESS, we not only bolster the reliability of our energy 

supply but also make substantial progress toward a greener and more sustainable energy landscape.  

 
 

 

 

II. LITERATURE REVIEW 

 
Integration of BESS in Wind-PV-Energy Storage Microgrids: The studies explore the configuration and optimal operation 

of BESS within hybrid microgrids combining wind power, photovoltaic (PV) solar energy, and energy storage. Time-of-use 

pricing is considered, and a demand response model based on electricity price elasticity is developed. Particle swarm 

optimization is employed to optimize BESS configuration, taking into account capital-operating costs, economic benefits, and 

minimizing losses from unused PV and wind power. This approach seeks to maximize the absorption of renewable energy. [1] 

 

Methodology for BESS Sizing: A methodology is presented that involves three stages: time-domain simulations to 

investigate dynamic responses, a lifetime investigation, and an economic assessment of the battery unit. The goal is to determine 

the appropriate BESS size to provide frequency containment reserve from augmented wind power plants while meeting 

assessment criteria at each stage. [2] 

 

Impact of BESS and Demand Response on Power Supply: The research assesses the feasibility of using wind power to meet 

load demand while considering demand response and BESS. Various strategies, including peak clipping and valley filling, are 

analyzed at different peak load percentages. The study also evaluates the impact of wind penetration levels on system reliability 

and the influence of BESS charging/discharging rates and capacities on system sufficiency. [3] 

 

Optimizing BESS Data in Microgrids with Wind Power: This article focuses on optimizing BESS data, emphasizing 

characteristics such as life and efficiency, in microgrids that incorporate wind power. A Permanent Magnet Synchronous 

Generator (PMSG) is used to convert wind energy, and a smart backup battery system is developed to enhance wind farm 

efficiency, even in the face of severe faults. [5] 

 

Hybrid Power Systems for Grid Stability: Renewable energy has gained traction in utility grids. Hybrid power systems that 

combine solar and wind generators are explored to balance energy generation. Power electronic converters help manage the 

variability in solar and wind energy generation to improve grid stability. [6] 

 

Microgrids and Renewable Integration: Microgrids are decentralized power systems that utilize distributed generators, 

renewable energy sources, and energy storage. They offer increased flexibility, reliability, and efficiency compared to 

centralized systems. The integration of renewable energy sources into microgrids reduces operating costs and enhances energy 

quality. [7 and 8] 

 

Importance of BESS in Wind Power Integration: The intermittent nature of wind power presents challenges to grid stability. 

BESS plays a crucial role by storing excess wind energy during high generation periods and releasing it during peak demand or 

low wind conditions. Key aspects of BESS optimization include real-time data collection, load forecasting, energy management 

systems, and battery degradation modeling. The paper also discusses the application of stochastic optimization and machine 

learning algorithms for improved forecasting and control. [9] 

  

Cost-Effective Integration of Renewable Distributed Generation: Integrating renewable distributed generation units into 

distribution systems is cost-effective and can be achieved through various techniques. Energy storage systems (ESSs) are critical 

components that support emergency loads and peak power requirements. They contribute to more economical electricity 

operations and reduce expenses related to renewable energy sources. Smart Energy Management Systems (SEMS) are used to 

coordinate various components, including renewable energy sources and ESSs. [10 and 11] 

 

Optimization Methods for ESS Sizing: Deterministic optimization methods are used for problems with known parameters, 

while probabilistic methods are employed for problems with uncertain parameters. Various algorithms are available for 

determining the optimal size of an Energy Storage System (ESS), including hybrid ESS (HESS) combining rechargeable 
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batteries and ultracapacitors. The authors propose methodologies for optimizing the joint use of renewable energy and HESS. 

[11] 

 
III. CONCLUSIONS 

 
In conclusion, the study presents a compelling case for the implementation of the Battery Energy Storage System 

(BESS) model within grid-connected modes of Permanent Magnet Synchronous Generator (PMSG) wind turbines. The research 

highlights several notable advantages of this proposed BESS model when compared to alternative BESS systems: 

Enhanced Round-Trip Efficiency (REL): The proposed BESS model demonstrates superior round-trip efficiency. This 

improvement is essential as it reduces energy losses during charging and discharging, ultimately leading to cost savings and 

enhanced system performance. Improved State of Charge (SOC) for Batteries: The study confirms that the proposed BESS model 

achieves a higher final State of Charge for the batteries. This is crucial for battery longevity, overall health, and ensuring 

consistent, reliable energy storage. 

Reduction in the Number of Batteries: The proposed BESS model effectively minimizes the count of required batteries. 

This reduction translates into cost savings, as batteries often represent a significant portion of the overall system expenditure. 

Decreased Standby Battery Operating Time: The research shows that the proposed model substantially reduces standby time, 

during which batteries remain idle. Minimizing standby time is instrumental in optimizing battery usage and ensuring that 

batteries actively contribute to the energy demands of the system. 

These advantages are realized through the application of evolutionary algorithms, which are employed to optimize the 

BESS's operation. These algorithms systematically search for optimal configurations, adjusting parameters based on predefined 

objectives and constraints. 

However, it's worth noting that the study acknowledges some limitations associated with specific algorithms, particularly 

the Grey Wolf Optimizer (GWO) and Teaching-Learning-Based Optimization (TLBO). These drawbacks include challenges 

related to parameter setting and longer runtimes compared to other algorithms operating under similar conditions. 
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