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Abstract. The incorporation of photovoltaic systems into micro grids has garnered noteworthy interest as an eco-

friendly approach to distributing energy production; this review research aims to investigate the attributes of the grid-

connected micro grid while putting a particular emphasis on photovoltaic energy management. Determining the 

photovoltaic system's ideal capacity within the micro grid aims to improve energy efficiency, lessen reliance on the 

primary grid, and encourage using renewable energy sources. Advanced modeling and simulation techniques are 

employed in suggested optimization framework assess the dynamic interactions between photovoltic panels, power 

storage systems, and the primary grid, which make up the micro grid. The optimization approach considers essential 

variables such as load demand patterns, grid electricity costs, and fluctuation in solar irradiation. The goal is to find a 

balance between maximizing powered by green energy and lowering total energy expenses. To assess the influence 

that different micro grid sizes have on the system's efficiency as a whole, that research looks via a number of situations. 

The ideal photovoltaic system size established using techno-economic criteria and scenario-based simulations. This 

considers variables like payback duration, the return on investment, and overall system dependability. With an 

emphasis on photovoltaic energy management, the results of the study offer significant perspectives on the planning 

and carrying out, grid-connected micro grids. The ideal micro grid size acts as a standard for upcoming green energy 

initiatives, giving stakeholders, legislators, and decision-makers a framework to make well-informed decisions as they 

move towards more environmentally friendly and resilient electricity systems. 
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1. INTRODUCTION 

Electronic devices known as solar panels have the ability to produce electricity from strong 

sunshine. It is made up of a number of tiny components known as solar cells. Associated together 

to be the solar panel, and these materials can be manufactured from semiconductor materials such 

as silicon material so that they produce voltage when exposed to light and cause a current to flow. 

The usage of solar panels and "Sunlight Electricity Generation Technology" is growing throughout 

much of the world. Since diesel generators and other energy sources squander non-renewable 

resources and harm the environment, it is a great substitute for them. Solar Energy is also 

environmentally friendly and accessible because it is boundless. sunlight that renews daily, small 

power grids' represent compact energy grids that integrate demand, control, and management 

systems for energy with renewable energy sources (RES) like wind and photovoltaic (PV) 

electricity to enable them to function separately from the primary transmission and distribution 

network, the development and deployment of solar systems are still best by significant hurdles 

because of how expensive photovoltaic materials, the low conversion efficiency of PV modules is 

another barrier preventing a big usage of solar energy [1]. Variation the load and generation within 

a micro grid raises significant concerns about the safety and stability of the electrical grid [2]. 

Recently, as energy demand, fuel prices, environmental concerns, and the depletion of fossil fuels 



have increased, hybrid energy systems based on renewable sources have gained popularity [3]. 

The absence of harmful gas emissions makes renewable energy resources (RESs) like Wind and 

photovoltaic systems eco-friendly and an excellent substitute for fossil fuels [4]. Annual growth 

has been observed in the quantity of grid-connected renewable energy systems installed. These 

systems offer a number of benefits, but they also have certain drawbacks, such as intermittent, 

which may cause grid issues with managing schedules, frequencies, and voltages [5]-[6]. There 

are many methods to calculate the ideal (BESS) stands for battery energy storage system, and 

photovoltaic (PV) size in the grid connected micro grid (MG), minimizing energy costs was chosen 

as the goal function, a hybrid grey wolf utilizing the cuckoo search optimization algorithm used to 

achieve an ideal sizing of the proposed grid-connected MG, using a new energy management 

technique and the particle swarm optimization (PSO) algorithm, one of these ideal BESS and PV 

sizes is identified in order to minimize overall cost, in order to assess the robustness of the proposed 

method, the results are compared to those obtained using Grey Wolf Optimization (GWO), 

whereas the GWCSO technique yielded less total component parts than the GWO procedure. 

Annual cost, total Net Present Cost (NPC), and Levelized Cost of Energy (LCOE), the GWCSO 

algorithm also had the lowest variation, suggesting that it is more reliable and accurate than the 

GWO algorithm [7]. In the MG system, PVs and BESSes have many benefits, but they also have 

certain drawbacks, cost and size are becoming more significant since high capacity drives up costs 

and size, despite this, the modest capacity might not be enough to meet load demands and prevent 

unforeseen power outages ,as a result, BESS size needs to be precisely computed to ascertain the 

ideal size for a particular system [8]. Therefore, in order to create an effective, dependable, and 

the cost effective MG system, system designers must determine the ideal BESS size for the 

particular system [9]. BESS sizing is carried out using a variety of techniques based on the system 

parameters; some of these techniques can be applied to any size system Mathematically-based 

optimization techniques further employed to solve sizing issues, two examples of these techniques 

are Dynamic programming (DP) and Linear programming (LP) When it comes to large-scale 

systems, though, there are a few issues. Consequently, LP and DP inadequate instruments for 

intricate systems [10] .Large-scale systems are challenging to apply DP to, hence LP optimization 

is used as a more straightforward approach, additionally, studies have demonstrated that BESS 

operate best when appropriately sized for current loads [11]. 

 Frequency regulation using PSO technique was used a disconnected micro grid to assess the 

ideal BESS size and economic processes, the PSO algorithm determines the perfect battery size 

and the lowest cost for a grid connected home system with an available PV system [12]. Likewise, 

PSO chooses an island-mode micro grid's efficient battery construction and optimization of battery 

capacity considering the reliability index, the PSO is used to size wind, photovoltaic, and tidal 

energy sources as primary and batteries as auxiliary sources as efficiently as possible [13] 

The current article views an extensive analysis of the energy management strategy of micro 

grids and summarizes the benefits and drawbacks of stated techniques and correlation tables for 

optimization algorithms. This work provides an introduction in the first section, and the second 

section consists of three categorizations for the system configuration, the third section classifies 

EMS, control strategy, and constraints, the optimization methods in the fourth section. 

2. SYSTEM CONFIGURATION 

Figure (1) demonstrates the structure of the micro grid-connected , which includes the grid, 

loads, photovoltaic cells, AC bus, and BESS, connected to the grid by an AC bus , DC/DC 



converters connect the PV and battery to the DC bus , so that the PV can continuously charge the 

storm along the DC bus, the energy management system of the DC and AC buses observes the 

battery energy levels, available PV power, load demand, and battery charge/discharge status, it 

also determines when to request electricity from the grid temperature, aging, shade, pollution, and 

sunlight affect how well solar PV modules function [1] 

Maintaining the power balance in the micro grids requires the involvement of storage devices 

through charging and discharging, on the other hand, a low battery capacity results in inadequate 

power, which causes instability or raises the expense of using conventional fuel, however, the price 

would rise due to an excess of battery capacity, consequently, avoiding micro grid dispatch issues 

and maximizing operating expenses depend on determining the ideal capacity or size for storage 

units [15, 16]. 

 

 
Figure (1) The structure of the micro grid connected [4] 

             These energy-storage devices can store excess electricity from eco-friendly energy sources 

when demand is not at its peak or add supplementary power to the grid during blackouts, further 

more smart control of energy consumption techniques strive for determine an ideal battery size 

while lowering amount of traditional gasoline used as well as whole operational expenses [17] 

 

MGs have two operating modes: radial (ring) and AC/DC[18]. And, should there be a lack of 

Energy from the utility grid, sell or buy Energy [19].Micro grids can function as freestanding 

power systems using local resources or as grid-connected systems linked to the traditional utility 



grid, regardless of the design of the micro grids, they have been successful in lowering CO2 levels 

and energy expenses[20, 21] But because renewable energy sources like photovoltaic (PV) units 

fluctuate and are sporadic, using storage devices in micro grids has become essential [22]. 
 

Table 1 presents a concise overview of prior research on energy management systems, 

including the system type employed, objectives pursued, control mechanisms employed, and 

elements that have an impact on these systems. 

Table.1 summary of energy management in grid tied micro grids   

 

Hybrid energy system PV, wind, fuel cell, micro turbine, diesel 

generator, battery, super capacitor, water 

storage    

Objectives Save money, reduce emissions, reduce peak 

demand, stabilize the grid, prevent central 

EMS collapse, improve grid quality, eliminate 

overvoltage, and increase financial benefits. 

Factors considered  Renewable energy resource stochasticity, 

battery degradation, prediction mistake, 

demand uncertainty, real-time electricity 

market price changes 

Control strategy  Centralized, decentralized, hierarchical, 

demand response, online/real time 

 

 

 

 

3. CLASSIFICATION OF EMS 

The main grid's power-type connection, the strategy of control, configuration, solving 

methods, and the parameter selection methods are the factors that may be used to categorize the 

EMS in MGs, the categorization of popular energy management systems in literature is displayed 

in Fig(2)[23]. 



 

 

 

Figure (2) Classification of energy management [23] 

 

 

3.1 TECHNIQUES OF CONTROL 

MGs require extra control algorithms or energy management systems to provide the best 

possible power flow among all MG components in order to produce a steady and economical 

functioning because they contain a variety of dispersed generator units and stochastic-character 

loads, for the purpose determine each unit in the MG's operating point and oversee the coordination 

and movement of Energy among the different departments for an effective, dependable, and cost 

effective operation that results in demand supply balance, the energy management system (EMS) 

is required inside a distributed generation (DG) systems with multiple sources and storage devices, 

References in [24] [25] [26]. 

In general, centralized, decentralized, distributed, and hybrid control are four types of control 

systems utilized in MG EM, under centralized management, breakers and local control units that 

are assigned to specific units receive command signals for protection and control from a central 

control unit (CCU),the CCU uses requirements-based algorithms to determine the best operating 

point while taking into considering a multitude of factors, including cost, emissions, grid 

availability, resilience, and dependability since only local data is available when taking extended 

MGs into account , a hierarchical approach is preferable since the decentralized method 

necessitates a great deal of coordination, which is troublesome when dealing with extensive MGs 

and the limited availability of local data is recommended rather than a wholly centralized or 

entirely decentralized one, these controls may be categorized as either primary, secondary, or 

tertiary: the primary control includes things like droop control, islanding detection, and power 

electronic converter control, secondary control is responsible for ensuring EM operates in MGs in 



a dependable, secure, and cost effective manner tertiary management oversees the coordination of 

numerous MGs[27]. Because hybrid EM is more flexible than centralized control and less 

expensive to operate than decentralized control, it combines the best features of both approaches 

[28]. Benefiting from privacy protection, less computing effort and simplicity of expansion, 

decentralized control necessitates fewer information systems and important details of different 

units [29]. Decentralized control lacks this, meaning that the controller cannot execute it, in 

contrast, the command and control entity of the dispersed management system gathers materials 

and communicates the optimal results from scattered agents [30] 

Table 1 provides a concise summary of the distinctions between centralized and decentralized 

control approaches. 

 

Table.2 Overview of centralized and decentralized methodologies. 

 
Centralized Decentralized 

A bulk data-handling central controller makes 

decisions depending on data availability from 

controller-MG component communication 

[31] 

Each unit has its own controller and data. 

which self-schedules by interacting[33],[34] 

Provides ideal voltage, current, and minimum 

needs for optimization method, although poor 

data connection between the management unit 

and control unit might reduce efficiency and 

delay[32] 

The advantages include robustness, reliability, 

reduced computational time, enhanced data 

correctness in information interchange, 

preservation of data privacy, and improved 

network security.[35] 

 

3.2   GRID CONNECTION 

An economical storage management system that makes timely use of the ESS capacity in a 

grid-tied MG for both variable and fixed time, independent loads by participating in the electricity 

market [36]. 

The primary distinction in relation to primary the MG and the grid, although engaged in 

primary grid, the generation units and load are able to viewed the unique organization for economic 

distribution, despite the fact that load is unpredictable and that only the generator side can consider 

optimal scheduling [37]. 

The inclusion of the MG shouldn't have any impact on the primary grid's stability, fuel costs, 

emissions of greenhouse gases(GHG), power outages, and emissions of greenhouse gases must all 

be decreased through MG optimization [38]. 

 

3.3 THE GRID CONSTRAINTS 

 

The constraints: which are stated as a part of the optimization problem dictate the operating 

ranges of the variables. 

3.3.1 Limitations of Distributed Generation (DG) Restraints: 



Each unit's distributed generators' output operation should fall between the following 

maximum and minimum bounds [39] 

 

𝑃𝑀𝑇,min⁡⁡⁡≤ ⁡𝑃𝑀𝑇⁡, 𝑡⁡ ≤ ⁡𝑃𝑀𝑇⁡,max ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡                                          (1) 

𝑃⁡𝐹𝐶,𝑚𝑖𝑛⁡ ≤ ⁡𝑃⁡𝐹𝐶⁡⁡⁡, 𝑡⁡ ≤ ⁡𝑃𝐹𝐶⁡, max ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡                              (2) 

𝑃𝑃𝑉,𝑚𝑖𝑛⁡ ≤ ⁡𝑃𝑃𝑉, 𝑡⁡ ≤ ⁡𝑃𝑃𝑉,𝑚𝑎𝑥⁡                                                                                    (3) 

𝑃𝑊𝑇,𝑚𝑖𝑛⁡ ≤ ⁡𝑃⁡𝑊𝑇, 𝑡⁡ ≤ ⁡𝑃⁡𝑊𝑇⁡⁡, max ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡                        (4) 

Where: 

PMT, min  minimum producible power of the micro turbine 

PFC, min  minimum producible power of the fuel cell. 

P pv, min                    minimum producible power of  the photovoltaic. 

PWT, min  minimum producible power of  the wind turbine. 

And      P MT, max  maximum producing power of the micro turbine. 

PPV, max                    maximum producible power of the photovoltaic. 

PFC, min                     maximum producing power of the fuel cell. 

PWT, max                   maximum producing power of the wind turbine. 

 

3.3.2 Limitations of the Grid 

The maximum and lowest restrictions for power coming from the utility grid should be met 

in each time step [40]  

   𝑃𝑔𝑟𝑖𝑑,𝑚𝑖𝑛⁡ ≤ ⁡𝑃⁡𝑔𝑟𝑖𝑑, 𝑡⁡ ≤ ⁡𝑃⁡𝑔𝑟𝑖𝑑,𝑚𝑎𝑥⁡        t=1,….,T                                     (5) 

Where Pgrid, max , Pgrid, min: Maximum /minimum limits of power production utility, 

respectively ( KW) 

Pgrid,t : power of utility in (KW) 

3.3.3   Limitations of Power Storage in Batteries (BES) 

The actions of charging and discharging batteries are described as follows, respectively [35]: 

𝐸⁡𝑏𝑎𝑡(𝑡)[𝐸⁡𝑃𝑉(𝑡)⁡– ⁡𝐸⁡𝐿𝑜𝑎𝑑(𝑡)/𝜂⁡𝑖𝑛𝑣⁡] ⁡⁡× ⁡𝜂⁡𝐵𝑐ℎ                                                                  (6) 

𝐸⁡𝑏𝑎𝑡(𝑡)⁡[𝐸⁡𝐿𝑜𝑎𝑑(𝑡)/𝜂⁡𝑖𝑛𝑣⁡– ⁡𝐸⁡𝑃𝑉(𝑡)] ⁡× ⁡𝜂⁡𝐵⁡𝑑𝑐ℎ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡                                                       (7) 

 

In this context, EPV(t) denotes the energy that was created and E Load(t) stands for the load 

demand at time interval t. η Bch, η Bdch, and η inv the stand for inverter, battery charging 

efficiency, and discharging efficiency, respectively. 

Equations (8) and (9), respectively, express the boundary limitations of BES power in the 

charging and discharging modes[17] 

𝑃⁡𝐵𝐸𝑆,𝑚𝑖𝑛⁡ ≤ ⁡𝑃⁡𝐵𝐸𝑆⁡⁡, 𝑡⁡ ≤ ⁡⁡𝑃𝐵𝐸𝑆⁡,𝑚𝑎𝑥        t=1,…….,T                                       (8) 

𝑃⁡𝐵𝐸𝑆⁡⁡, 𝑚𝑖𝑛⁡ ≤ ⁡𝑃𝐵𝐸𝑆⁡, 𝑡⁡ ≤ ⁡𝑃𝐵𝐸𝑆⁡,𝑚𝑎𝑥⁡        t=1,……,T                                        (9) 

 

4. OPTIMIZATION METHODS IN MICRO GRIDS 

Various models that incorporate determinism, analysis, heuristics, stochastics, and hybrids are 

among the optimization strategies utilized in MGs, lagrange relaxation, greedy algorithms, linear 

programming with mixed integers (MILP), dynamic programming, non-linear simulations, and 

solving problems using linear programming (LP) [41]  and interactive programming are techniques 

employed in the using a predetermined strategy [42]. 



PSO (particle swarm optimization), AI-powered flower pollination algorithms, search for 

cuckoo, explosive blast method, algorithms for optimizing whales, moth swarms, and harmony 

searches, and optimizing electromagnetic fields [43].The heuristic, metaheuristic method 

encompasses all of them, natural processes that continually iterate to obtain the ideal value are the 

basis for the metaheuristic algorithms [44]. 

Avariety of variants or modifications of the aforementioned algorithms are used to tackle 

power optimization challenges in optimal power flow and energy management concerns [45] [46] 

[47]. Any combination of the two techniques is used by a hybrid system [42], however, it has a 

disadvantage of taking longer to compute, which parallelism can solve[48]. 

The benefits and drawbacks of popular optimization methods, such as PSO strength, are 

While the drawback makes it impractical for real-time applications and makes it challenging to 

determine the ideal design parameters, it is simple to code, less sensitive to the nature of the goal 

function and initial points, and has a quick computation time[49]. Multi-objective optimization 

generates a group of optimal values rather than a single optimum while meeting numerous 

equality and inequality requirements issues involving multiple on the same conflicting 

purposeful operations [50]. Comparisons between existing studies and are given in Table (1). 

A close examination of Table (2) provides an idea of the difference between the different 

algorithms , Numerous research have employed various optimization techniques to achieve the 

goal of cost minimization in energy management systems. The table below lists the advantages 

and disadvantages of some optimization algorithms and approaches that are commonly employed 

(3) 



Table   3.  The comparison of the existing studies 

 

 

 

 

 

 

Ref 

 

The 

optimization 

algorithm(s) 

 

The 

number 

of Opt. 

Criteria 

 

The 

operation 

mode 

Type of 

RES 

 

EMS The 

objective 

function 

The purpose 

of the ESS 

[51] PSO More Grid-

connected 

PV, BESS Yes Optimize the 

system's 

cost-

profitability. 

energy 

efficiency 

[52] DP Less Grid-

connected 

PV,BESS No Finding the 

best charging 

and 

discharging 

path for ESSs 

while 

minimizing 

operating 

costs 

energy 

efficiency 

[53] LP Less Grid -

connected 

PV ,Wind 

, 

BESS 

No MG 

operating 

expenses as 

low as 

possible and 

BESS sizing 

optimization 

highest 

shaving point 

[54] MILP Less Grid 

connected 

PV,BESS Yes Reduction of 

an overall 

yearly 

expenses 

Energy and 

costs related 

to battery 

deterioration 

included) 

energy 

efficiency 

[55] MCDP Less is 

better in 

terms of 

efficacy. 

Grid 

connected 

BESS 

(storage 

plant) 

Yes Calculated 

the storage 

power 

references 

that yield the 

highest profit 

Energy 

sustainability 

and energy 

arbitrage 

[56] ABC Average Grid 

connected 

Wind, 

Hydro 

,BESS 

No Maximizing 

income 

Energy 

efficiency and 

energy 

arbitrage 



 

Table.4 The exploration of popular optimization methods 

Algorithms Fortitude Feebleness 

LP Fastness and dependability of 

computation 

The majority of problems in the actual 

world are nonlinear, and developing a 

linear model for them can lead to 

significant losses[57] 

DP The solution to the problem can be used 

to deduce the sensitivity analysis [58] 

For situations where there are a plenty 

of functions increase,the quantity of 

factors increases exponentially, needing 

more memory space. [57]  

Nonlinear programming Because the model accurately captures 

the nonlinear properties of the system 

being studied, the results are more 

dependable. 

If the computing functions are not 

differentiable, then optimal solutions 

cannot be obtained. Need for a workable 

initial point to achieve worldwide 

optimum [57] 

Heuristic approach The ideal solution was found while 

maintaining the nonlinear properties and 

requiring a manageable amount of 

memory and processing time.[57]  

Instead of the global optima, a hidden 

solution might produce local optima 

[59]  

ABCA Versatile,adaptable,minimal chance of 

early convergence, and the outcomes 

represent worldwide optimal values[60] 

greater computational cost and demand 

for more time and memory[60] 

 

 

 

 

 

 

 

 

5. CONCLUSION 

This paper focus on the review for energy management, which classified to grid connection 

type, control strategy and configuration in this research topic. A detailed literature review of 

various optimization algorithms is offered with specific factors taken in account, furthermore 

energy managements ,to achieve stable economic operation .The benefits and drawbacks of 



various optimization algorithms are also examined and listed in tables .In summary, the 

optimization of grid-connected micro grid size for PV energy management represents a significant 

step towards achieving a more resilient, cost-effective, and environmentally friendly energy 

landscape. The knowledge generated by this research can empower stakeholders to make informed 

decisions, ultimately contributing to the advancement of renewable energy technologies and the 

realization of a cleaner and more sustainable energy ecosystem. 
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