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In the contemporary power landscape, maintaining 
system stability and reliability amidst rising electricity 
demand presents significant challenges, as noted in the 
study by Butt, O. M. 2021, Recent advancement in smart 
grid technology [1]. To address these concerns, the power 
grid is undergoing a major transformation, shifting 
towards a more decentralized structure. A key aspect of 
this transition is the integration of renewable Distributed 
Generation (DG) units directly at distribution load buses, 
which has emerged as a prevalent trend in modern energy 
systems. These DG units are small-scale power generation 
facilities strategically located near end-users and are 
collectively referred to as Renewable Energy Sources 
(RES) [2][3]. Unlike conventional centralized power 
generation methods, the Distribution Network (DN) is 
evolving towards a more distributed and decentralized 
model, ensuring greater flexibility and efficiency in 
energy delivery [4]. 

This research focuses on methodologies and technologies 
that optimize the seamless integration of RES into 
distribution networks. It underscores the significance of 
decentralized power systems in enhancing reliability, 
sustainability, and overall grid performance [5]. However, 
a major challenge in integrating RES is the inherent 
variability in power generation. These variations can 
compromise grid stability, introduce reliability concerns, 
and result in energy supply shortfalls [6]. 
To address these challenges, various approaches have 
been adopted for efficient energy management in modern 
smart grids. Among these solutions, Battery Energy 
Storage System (BESS) stands out due to its superior 
adaptability and controllability [7]. BESS exhibits rapid 
and stable response characteristics, along with 
environmental benefits and geographical independence, 
making it a preferred choice over alternative energy 
storage solutions. 
With the growing emphasis on green energy solutions, 
BESS are expected to play an increasingly pivotal role in 
balancing electricity supply and demand. By integrating 
BESS with RES, including wind and solar generators 
(DG), a wide range of functions across different sectors 
can be realized. The integration of BESS with RES, 
specifically distributed generators like wind and solar, 
provides a versatile set of relevance across various 
sectors. These applications include energy storage, 
effective load management to meet fluctuating power 
demands, enhanced grid stability, and peak load shaving, 
all of which contribute to improved effectiveness and 
reliability of the power grid [8]. 

 
 

 
 

 
 

 
 

 
For these objectives structure of the Paper, sequence is: 
Section 1 familiarizes the paper. Section 2 defines the 



 
 

 
 

detailed analysis of BESS. Section 3 describes the 
previously reported research work. 

  
A BESS is an energy storage solution that utilizes 
batteries to store and distribute electrical energy 
efficiently. Its primary function is to capture energy from 
various sources, store it in rechargeable batteries, and 
release it when needed. The key apparatuses of a BESS 
include the following parts [9]. 

 

 
  

 
  

 
  

 
  

 
  

 
   

To estimate %VDI, Equations (1) and (2) are utilized.  

 

 
 

 
 

 
  
 

 
 

 

 

 
  
  
 

 
 
  

 
 

 
  

 

 
 

 
 

 
 

 

 
 

 
 

  

 

 

 
  



 
 

 
 

 
 

 

 

 

 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

 
  

  

  

  

  

 
  

   



 
 

 
 

 
 

 
 

 
 

 
 

 

 

 
 

  
  

 

 

 

 
 
 

 

 

 
  

 

  

 

 

 

 
 

  
 

 
 

 
 

  

    

 
   

    



 
 

 
 

 

 

 
 

 

  
 

 
 

    
    

 
   

    

 
  

  

 

 

 
 

 

 
 

  
 

 
 

 

 
 

 
 

 

 

 

 
 

 
 

 



 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  


