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One of most general nature-inspired meta-heuristic methods called Grey Wolf Optimization 

(GWO) inspired by grey wolves is applied to solve the energy management optimization 

(EMO) and optimal control (OC) problems of micro-grid (MG) impregnated with renewable 

and sustainable distributed generators (REDG). Our main goal is to minimize nonlinear 

objectives function of an electrical micro-grid taking into account a set of constraints. GWO 

method have been examined and tested on MG system composed of different types of DGs, 

such as wind turbines (WT), photovoltaic systems (PV), micro turbines (MT), fuel cells 

(FC), diesel electric generator (DEG), and loads with energy storage systems (ESS). The 

results are promising and show the effectiveness and robustness of proposed approach to 

solve the EMO and OC problems in different operational scenarios. 

Keywords: 

Renewable and sustainable 

distributed generators, 

Distributed generators,  

Optimal control,  

Micro-grids,  

Grey wolf optimization,  

 

 

Copyright ©2025 by authors and Galileo Institute of Technology and Education of the Amazon (ITEGAM). This work is licensed 

under the Creative Commons Attribution International License (CC BY 4.0). 

 

I. INTRODUCTION 

 

The traditional electrical power system can be divided into three major categories: power generation, transmission and distribution 

systems [1]. The power plants are connected to the distribution network (DN) by transmission lines and the DN supplies electricity to all 

the loads in a given region. For a number of reasons, mainly technical and economic, individual power systems are connected together to 

form power pools. These regional or regional power grids operate independently, but are also interconnected to form a power grid. The 

rapid increase in the world population, digitalization and industrial evolution are the main causes of the growing demand for electricity. 

In recent times, there has been a notable surge in the advancement and utilisation of RES [2]. A unique position is held by wind 

turbines among various energy sources. Indeed, wind energy is predicted to grow rapidly in many areas, but it can also have a substantial 

impact on the voltage and current quality in the network where it is injected because of its highly variable nature caused by large variations 

in wind speed [3]. 

Distributed generation (DG) has grown steadily during the last 20 years. Geographical and meteorological factors influence how 

DGs are integrated with RES, such as photovoltaic systems (PV) and small wind turbines (WTs). Moreover, the characteristics of their 

output powers are unpredictable and change over time. Conversely, non-renewable DGequipment, including fuel cells, micro turbines, 

diesel generators, and energy storage devices, possess a consistent output power and can be attached to any point within the DN [4], [5].  

In a broader sense, the strategic utilization and effective management of DG units yield advantageous outcomes in terms of power 

quality enhancement, minimized power losses, improved reliability, and reduced emissions. To unlock the full potential of DG, an 

integrated approach encompassing coordinated operation and control alongside energy storage systems and controllable loads becomes 

imperative. This paves the way for the emergence of a ground-breaking paradigm known as micro-grids (MGs) [4], [6]. In essence, an 
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MG denotes a localized DN comprising a diverse array of DG units, controllable loads, and energy storage systems, which can operate 

either interconnected or islanded with the main distribution grid, thereby operating as a controlled entity [7], [8]. MGs represent as the 

pivotal element within contemporary power systems, embodying the essence of intelligent DN. 

MGs are local DN comprising various DG units, controllable loads, and ESS that can operate either interconnected or isolated 

from the main distribution grid as a controlled entity. MGs represent the core of intelligent DN within modern power systems. In order 

to take full advantage of the operation of MGs, such as improved profitability and reduced dependence on the main network, it is important 

that the integration of DGs into MGs, and their relationship with the DN main upstream, helps to optimize the general operation of the 

system [9-11].  

Energy management and optimal control are two closely related concepts that aim to optimize usage in a given system. Energy 

management refers to the overall management of energy within a system, seeking to minimize losses and maximize energy efficiency. 

This is a nonlinear optimization problem with constraints named optimal Energy and Operation Management (EOM). On the other hand, 

OC is a mathematical process that aims to optimize a system by adjusting the control variables according to certain conditions [12]. In 

the last 10 years, a very large number of mathematical methods has been applied to solve most important optimisation problems in power 

systems, such as optimal power flow (OPF), optimal reactive power dispatch (ORPD), economic dispatch (ED), optimal location and 

sizing of DG in DN, optimal control and optimal energy management of MGs, etc. Several methods have been proposed for determining 

the OEM of MG. An analytical approaches [13], [14] developed expressions to optimal energy management and online optimal control 

strategy of energy storage of MGs. A linear programming approach [15], [16] addresses the OEM problem of MG. 

Recently, population-based methods have been widely used for OEM. Genetic algorithms [17-19] are frequently employed for 

EMO. A profit-maximizing approach was proposed by [20], while evolutionary programming [21], focused on reducing power losses and 

improving efficiency across various load models. A moth-swarm algorithm [22], are applied for OEM. Differential evolution algorithm 

were proposed by [23] to optimize or reduce the power losses in DN. Similarly, fore same purpose, backtracking search optimization [24] 

was applied to solve the OEM in microgrid, for the primary objective is the optimization of energy costs. 

Local swarm intelligence methods have been applied to solve the OEM. PSO [7], [25], addresses OEM taking into account load 

variations in DN. Similar, Zhang et al., [26] use also PSO for EMO, while artificial bee colony [27-29] focuses on loss reduction with 

multiple DG sources. Ant colony optimization [29-30], aim to minimize OEM incorporating uncertainty in statistical cost estimation and 

demand response. Kamarposhti et al. [31] use also ACO to enhancing reliability and cost efficiency for sustainable energy systems by 

solving the OEM problem in microgrid.  Nature-inspired and bio-inspired methods, including grey wolf optimization [32], cuckoo search 

[33], ant lion optimization [34], bacterial foraging-based algorithm [35], firefly algorithm [36] and [37] are used to solve the OEM. Whale 

optimization algorithm [38], dragonfly algorithm [39], glowworm swarm optimization [40], [41], crayfish optimization algorithm [42], 

dolphin echolocation algorithm, cuttlefish algorithm [43], greylag goose optimization [44], are used for OEM for losses and enhancing 

voltage in MG. 

Physical approaches like gravitational search algorithms [45], [46] address optimized operation of microgrid and optimal power 

flow by reducing power losses, and gas emissions while improving power quality. Wind driven optimization [47] also target for gas 

emission optimization in microgrid. Kamel et al. [48] use archimedes optimization algorithm for solving the energy management problem 

in smart inter-connected micro-grids. Population-based algorithms like shuffled frog leaping [49], [50], colliding bodies optimization 

[51], teaching learning-based optimization [52], harmony search [53], and sine-cosine algorithm [54] are applied to solve EMO of MG 

in various objectives such as power loss reduction and voltage enhancement. In [55], authors combined GA with linear programming for 

sizing and energy management optimization of hybrid system. Moradi and Abedini [56], combined GA with methods like PSO for energy 

management optimization in DN. Similarly, Kouba and Sadoudi [57], addressed EMO by merging fuzzy logic with GA. Kumar et al. 

[58] use flying foxes optimization algorithm and deep attention dilated residual convolutional neural network for energy management 

optimization in smart grid system with RES and ESS.   

Hybrid optimization methods like PSO and GSA [59], hybrid GWO and PSO [60], hybrid sperm swarm optimization and 

gravitational search algorithm have been proposed by Kamel et al. [61]  to optimize for energy management optimization of power 

systems. These multi-objective approaches focus on minimizing costs, network losses, and improving the voltage profile. In recent year, 

hybrid evolutionary-swarms [62], hybrid evolutionary-bio-inspired algorithms [63], hybrid evolutionary-physical-inspired algorithm [64], 

hybrid swarm and physical-inspired algorithms [65], hybrid nature-inspired and swarm algorithms [66] and hybrid swarms intelligences 

algorithms [67] are used to optimize the energy management in DN and MGs. 

II. PROBLEM FORMULATION 

II.1 OBJECTIVE FUNCTION 

In general, the EMO problem can be presented as follows [68]: 
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),( uxf  is the cost function throughout the planning horizon. ),( uxh  and ),( uxg are, respectively, the set of nonlinear equality 

and inequality constraints.The active power exchanged with the grid at time t is denoted by t

GridP . NT and NG are    the total count of 

time and DGs, including storage; t

GiP , )( t

GiGi PB and 
tMP are, respectively, the active power output, the bid of ith DG and the electricity 

exchange price between the MG and grid at time t [69]. The state and control variables, x and u, are defined as follows 

t

Grid

t Px                                                                                                  (4) 

 t

GNG

t

G

t

Gi

t PPPu ....,, 2                                                                                        (5) 

II.2 CONSTRAINTS 

II.2.1 POWER BALANCE CONSTRAINTS (PBC) 

For each time interval t, the total output power of the DGs, energy storage devices and utility must cover the total demanded load 

in the MG. As a result, the power balance constraint can be represented as follows: 
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DLP is the quantity of the Tenth loads level and ND is the total number of loads levels. 

II.2.2 POWER GENERATION CAPACITY CONSTRAINTS 

For stable operation, the active power output of each unit including the utility, is limited as follows: 
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t
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 are, respectively, the minimum and maximum active powers of the ith DG, and the utility at time t. 

II.2.3 RESERVE SPINNING CONSTRAINTS (RSC) 

The RSC is necessary to maintain the reliability of the system, due to the power fluctuations of the renewable and the load 

fluctuations. To satisfy the RS, the following inequality constraint must be satisfied [70]: 
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Where, 
tR  is the spinning reserve programmed at time t. In an MG, the RSC is considered by adding an additional value to the 

total power demand, which should be supplied by the DG units. It should be noted that the maximum power (not the operating point) of 

the energy sources is considered in the above equation. 

II.2.4 ENERGY STORAGE LIMITS (ESL) 

Since there are certain limits to the charge and discharge rate of storage devices during each time interval, the following equation 

and constraints can be expressed as 
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tessW , and 1, tessW are the amount of energy stored in the battery at time t and t-1, respectively; )( argarg edechech PP  is the charge 

(discharge) rate allowed for a defined period of time t ; )( argarg edechech  is the efficiency (yield) of the battery during the charging 

(discharging) process; 
min,essW and 

max,essW  are the lower and upper limits of the amount of energy stored inside the battery; and 

)( max,argmax,arg edichech PP  is the maximum rate of charge (discharge) of the battery during each interval time t [29]. 

II.2.4 CALCULATION OF ACTIVE POWER FROM (TO) THE GRID 

The active power from (to) the utility is considered as a dependent variable. The grid power is calculated as 
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The obtained t

GiP  we check whether or not satisfies the constraint in (8). Therefore, the 
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The new extended function to be optimized when the penalty factor multiplied by the square of the difference between the actual 

value and the limit value of the dependent variable is  
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Where 
p  is the penalty factor. 

II.3 BIDS CALCULATION OF DISTRIBUTED GENERATION 

Depending on the cost function of the units, if any, the market price feedback and the need to make some profit, necessary for the 

annual depreciation of the installation cost, the DG bids are considered quadratic, as shown in (14) [9]. 

iGIiGiiGi cPbPaB 
2

                                                                             (14) 

II.3.1 MICRO-TURBINE AND FUEL CELL 

The MT and FC bids in ($/h) can be calculated as follows [5], [71]: 
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Where, GP  is the DG electrical output power (kW), G  is the DG electrical efficiency,
fuelC is the fuel price (natural gas) to 

supply the DG ($/kWh), and invC  is the hourly amount of reimbursement of the investment cost of DG in ($/h) given as 
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Where, i is the interest rate, n is the amortization period in years, and IC is the installation DG cost. The MT electrical efficiency 

can be estimated as a quadratic function of its output power [72]. These coefficients can be obtained by fitting the electrical efficiency 

curve of the MT based on the manufacturers’ data. The FC efficiency is a non-linear function of the power level and can be expressed as 

follows (for a Proton exchange membrane fuel cell: PEM-FC) [73]: 

   .4
964.2

1 2
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00 PnomPnomFC VVVVV                                                                        (18) 

Where, 
0V  is the theoretical or thermodynamic FC potential (0.9 V), PnomV  is the potential of the selected cell at rated power 

(0.45–0.75 V), 
nomFC PP  is the power level, and 

nomP  is the rated FC power. The coefficients of the quadratic function (14) can be 

obtained by curve fitting, constructed according to (15) for a power range of PG. 

II.3.2 WIND TURBINES AND PHOTOVOLTAIC 

The bid functions of WT and PV consider the annual investment cost for depreciation of equipment (AC) ($/kW) and the annual 

energy production per kW (AP) (kW h/kW) are given by (15), and (17), respectively.  

According to [74] and [75], the power curve of WT can be modeled by means of a function divided into three different: 
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Where, 
nomWTP ,

, nomv , civ  and cov  are, respectively, the rated power, rated wind speed, switch-on wind speed and switch-off 

wind speed of the WT; 
WTP is denote the output power of the WT and v  is the wind speed [75, 76]. 
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The PV output power PVP depends on the solar irradiation and the ambient temperature of the site as well as the characteristics of 

the module itself. 
PVP is calculated as follow [76]: 

  251
1000

 C
S

STCPV T
I

PP                                                                               (20) 

STCP is the PV maximum power under standard test conditions (STC) (W); 
SI is the solar irradiation on the surface of the PV 

module (W/m2);   is the PV module temperature coefficient for power in (°C-1); CT  is the temperature of PV cell (module) in (C). The 

temperature of PV can be calculated based on the Nominal Operating Cell Temperature (NOCT) as follows, [75]: 

 20
800

 NOCT
S

ac T
I

TT                                                                                    (21) 

aT is the ambient temperature in (°C); 
NOCTT is the NOCT of the module in (°C).  

II.3.3 DIESEL GENERATORS (DEG) 

Usually, diesel fuel consumption data in (L/h) is provided by the manufacturer. Based on these data, the fuel consumption 

characteristic of the DEG can be estimated as a quadratic function of its active power output [68]: 

fuelDEGfuelDEGfuelDEG cPbPaFuel  2
                                                                  (22) 

Where, 
DEGFuel is the fuel consumption in (L/h); DEGP is the DEG power output in (KW); 

fuelfuel b, and fuelc  are the coefficients 

of the fuel consumption characteristic. As a result, the DEG bids ($/h) can be calculated as: 

invDEGfuelG CFuelCB                                                                                   (23) 

fuelC is the price of diesel fuel to supply DEG in ($/L). 
invC is the hourly payback amount for the investment cost of the DE ($/h) 

defined by (17). 

II.3.4 ELECTRIC GRID 

Market energy costs in ($/h) can be represented by a quadratic function as follows: 

2

grdgrdgrd cPbPaf                                                                                      (24) 

Where, grdP is the electrical network power in (kW) and a, b and c are the cost coefficients [68]. 

III. GREY WOLF OPTIMIZATION 

Grey wolf optimization (GWO) is a typical swarm-intelligence based meta-heuristic algorithm proposed by Mirjalili et al. in 2014 

[77] which is inspired from the leadership hierarchy and hunting mechanism of Grey Wolves (GW) in nature. In nature, GW (Canis lupus) 

belongs to Candidate family. It is considered as a top level of predators and residing at the top in the food chain.  

The population hierarchies of GW are separated by four layers which are named as, alpha ( ) is the fittest solution. Beta (  ) is 

the second optimum solution and delta ( ) is the third one. Omega ( ) is the candidate solutions that are left over. Generally, the 

populations of GW have average crowd size of 5-12 [78] and the cluster organizes compactly through the hierarchy.  

The position of the wolves is considered as the variables to be optimized and the distance between prey and GW determine the 

fitness value of the objective function. The movement of each individual is influenced by four processes, namely  

 Searching for prey (exploration);  

 Encircling prey; 

 Hunting; 

 Attacking prey (exploitation). 

III.1 SOCIAL HIERARCHY 

The GW diverge from each other position for searching a victim. Make use 


MA  with random values to compel search agent to 

diverge from the victim. 


MC component provides random weights for searching prey in the search space.  

III.2 ENCIRCLING PREY 

As mentioned above, GW encircle prey during the hunt.  ,   and   estimate the position of the three best wolves and other 

wolves updates their positions using the positions of these three best wolves. Encircling behavior can be represented by


MD . When the 

wolves do hunting, they tend to encircle their prey [79]. The following equations depicted the encircling behavior [80]. 
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Where t is the current iteration, 


X  is the position vector of GW, 


PX is the position of the prey, 


MA  and 


MC are the coefficient 

vectors calculated using the following expressions [78]: 



 21 2.2 rCandaraA MM
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Where 1



r  and 2



r  are random vectors between 0 and 1 and 


a is set to decreased from 2 to 0 over the course of iterations [77, 78]. 

The three best solutions so far are saved and then the other search agents (omega wolves) update their positions according to the current 

best position [78, 81]. 

III.3 HANTING 

Conservation of regional habitat connectivity has the potential to facilitate recovery of the GW. After encircling,  wolf guides 

for hunting. Later,   and   wolves join in hunting [78]. It is tough to predict about the optimum location of prey. These situations are 

expressed in the following expressions [80]:  
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The best position of wolf is calculated taking average sum of positions and given as  

3)( 111)1(







  XXXX t                                                                                 (30) 

III.4 ATTACKING PREY 

The GW stop the hunting by attacking the prey when it stops moving. It depends on the value of a. 


MA is a random value in the 

interval  aa 2,2 . In GWO, search agents update their positions based on the location of  ,   and   and attack towards the prey [79, 

81]. However, GWO algorithm is prone to stagnation in local solutions with these operators. It is true that the encircling mechanism 

proposed shows exploration to some extent, but GWO needs more operators to emphasize exploration. 

IV. SIMULATION AND DISCUSSIONS 

The MG (Fig. 1) is used in this work. The MG is considered in order to show how to determine the offers of the different DG 

units. The system is a MG composed of five different DG units (WT connected to bus 4, a MT is connected to bus 7, a PV connected to 

bus 11, a DEG connected to bus 19 and an FC connected to bus 23) with ESS and electrical loads. Table 1 presents the data was used to 

calculate the DG bids coefficients and power limits. It is assumed that all DGs sources produce active power at a single power factor. 

Based on the decisions of the MG Central Controller (MGCC), there is a power exchange link for one day between the utility and MG. 

 
Figure 1: One line diagram of test system. 

Source: [68]. 
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Table 1: Power limits and bid coefficients of DG units. 

Bus N°  Type 
min

DGP  (KW) 
max

DGP (KW) 
Costs coefficient 

a b C 

23 FC 30 300 0.0062 1.62 2.204 

19 DEG 0 369 0.0065 12.41 1.177 

11 PV 0 250 0 43.57 0 

7 MT 90 300 0.0018 2.63 811 

4 WT 0 600 0 6.5 0 

0 Utility 0 300 0 1e-4 5e-5 

Source: [68]. 

The proposed algorithm implemented and the computations were performed using MATLAB software, and all cases were run on 

a desktop computer Windows-10, 64-bit, Intel(R) Core(TM) i5-6500 CPU, 3.20 GHz processing frequency and 8.0 GB RAM.  

IV.1 ENERGY MANAGEMENT OPTIMIZATION 

The GWO method is implemented to find optimal solutions of the EMO problem of the MG in an operating scenario as follows: 

It is assumed that the PV and WT sources act at their maximum power available during each hour of the day, and the other DGs, including 

MT, FC and DEG, can operate within their power limits while satisfying the necessary constraints. All DGs with relevant characteristics 

generate electricity in the MG, and the additional demand or surplus energy inside the grid is exchanged with the utility from the point of 

common coupling PCC (Fig.1). The utility behaves as an unconstrained unit and exchanges power with the MG without any limitations. 

In this scenario, the influence of exchanges of energy market price with the utilities on the total operating cost of MG is examined in the 

following 3 cases: 

Case 1: Energy market price is low; 

Case 2: Energy market price is average; 

Case 3: Energy market price reaches its real value. 

The wind speed and ambient temperature are shown, respectively, in Figure 2. It was assumed that the active and reactive power 

of load on each bus varies according to the daily load diagram shown in Figure 3. Solar irradiance is also shown in Figure 3. Figure 4 

depict the forecast energy market prices. It is assumed that, both Figure are scaled for 24h. 

Given the low market price in 1st case, especially during periods when the load levels are low and medium, the utility takes the 

lead in supplying the load inside the MG. In the 2nd case, when the market price is middle range (higher compared to case 1), most of the 

load portion is provided by MT and FC units. During periods of average load, corresponding to the average market price (5.6 $/kWh), 

excess energy is exported from the MG to the utility. When the market price is brought to its real value in 3rd case, the MT and FC units 

are used with their maximum power in periods with medium and high loads levels.  

 
Figure 2: Ambient temperature and wind speed data’s. 

Source: Authors, (2025). 

In addition, surplus energy is exported from the MG to the utility in most period of the day. The simulation results associated with 

cases 1, 2 and 3 are shown in Figures 5-11, respectively. 

 
Figure 3: Solar irradiation and daily load diagram data’s. 

Source: Authors, (2025). 
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Figure 4: Energy market price dada’s. 

Source: Authors, (2025). 

Due to the low market price for case 1, especially during times of low and medium load levels, the utility supplies the load inside 

the MG on its own. In this case, 257200 ($/h) is the best operation cost that was found. In the second case, the majority of power supplied 

to the loads through MT and FC. During periods of average load, corresponding to average market price, excess energy is solded from 

the MG to the utility. In this case, the best operation cost is 263900 ($/h).  

When the market price reaches its genuine value, the MT and FC operate at maximum power during periods of medium and high 

loads. In addition, for majority of the day, excess energy are exported from the MG to the utility. In this case, the optimal operation cost 

was achieved at 263500 ($/h).  

 
Figure 5: Costs results of 3 cases. 

Source: Authors, (2025). 

 
Figure 6: Powers provided by MT. 

Source: Authors, (2025). 

 
Figure 7: Powers provided by FC. 

Source: Authors, (2025). 
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Figure 8: Powers provided by MT.  

Source: Authors, (2025). 

 
Figure 9: Powers provided by PV module.  

Source: Authors, (2025). 

 
Figure 10: Utility powers. 

Source: Authors, (2025). 

 
Figure 11: Daily costs of 3 cases. 

Source: Authors, (2025). 
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II.2 OPTIMAL DG CONTROL 

The proposed approach has been implemented on modified IEEE 24-bus test system shown in Figure 1. In this study, the OC is 

solved for the following 3 different purposes: 

Case A: Voltage deviation (VD) optimization. 

    



NL

i

ref

ii VVuxVDuxF
1

min,min,min                                                             (31) 

Case B: Total power loss (Plosses) optimization. 

    



NB

i

iiloss IRuxPuxF
1

2min,min,min                                                                     (32) 

Case C: simultaneous optimization (VD+Ploss). 

      uxPwuxVDwuxF losspV ,.,.min,min                                                              (33) 

iw  are the weighting factors. The objective functions results for the three cases are presented in Figures 12-14 The optimal control 

variable for all cases are shown in table 2. The bus voltages, the optimal DGs voltage, the active and reactive powers of DGs are shown 

in Figures 15-18, respectively. 

 
Figure 12: Results of case 1. 

Source: Authors, (2025). 

As a results of the voltages at bus 4, 7, 11, 19, and 23 being maintained at predetermined levels to reduce VD throughout the rest 

of the network, there are high reactive power compensation (QC) values and a wide range of reactive power variations of the DG, QDG, 

in the first scenario. Reactive power compensation is intimately related to voltage control. The active and reactive powers losses in the 

lines acquired for the prior situations are displayed in Figure 16. 

 
Figure 13: Results of case 2. 

Source: Authors, (2025). 

Page 224



 
 
 

 

ITEGAM-JETIA, Manaus, v.11 n.54, p. 215-230, July/August, 2025. 

 

 

 
Figure 14: Results of case 3. 

Source: Authors, (2025). 

High values for V0 and VDG, obtained throughout the whole load range in the second scenario. In fact, a constant active and 

reactive power model (PQ model) has been used to represent the loads. Considering that power losses are inversely correlated with branch 

current squared. By enhancing the voltage bus using DG, power losses for a constant power load can be reduced. As illustrated in Figure 

11, case C can be viewed as a middle-ground option because it simultaneously lowers power losses and VDs. 

 

Table 2: Control variables for all cases using GWO. 

Control variables Case 1  Case 2 Case 3 

PG4  0.2304 0.2304 0.2300 

PG7  0.1468 0.2539 0.2031 

PG11 0.1588 0.1588 0.1580 

PG19 0.1501 0.3690 0.2482 

PG23 0.2458 0.3000 0.0793 

PUtility 0.5401 0.3433 0.3810 

VUtility 1.0061 1.0491 1.0060 

V23  1.0437 1.0314 1.0274 

Qcom21 0.1774 0.1611 0.1389 

Qcom24  0.1140 0.0947 0.1050 

T5-6 0.9815 0.9971 0.9810 

T12-13 0.9532 1.0084 0.9510 

Cost ($/h) 141.25 143.77 144.10 

Losses (MW) 5.5820 3.2480 6.0460 

VD (pu) 0.3858 0.8871 0.3894 

CPU time (s) 136.00 154.09 144.30 

Source: Authors, (2025). 

 
Figure 15: Bus voltages of three cases. 

Source: Authors, (2025). 
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Figure 16: DG and grid optimal voltages. 

Source: Authors, (2025). 

 
Figure 17: DG and grid active power output. 

Source: Authors, (2025). 

 
Figure 18: DG and grid reactive power output. 

Source: Authors, (2025). 

The second section of this study demonstrate how well the GWO approach works to address the OC in MG. Consequently, the 

aforementioned findings demonstrate the improved capacity of the GWO algorithm to produce solutions of the highest calibre while 

maintaining computational efficiency and robustness. 

The simulation results presented in this paper show that the GWO method is very suitable to solve the EMO and OC problems of 

MG. Therefore, in a computationally efficient and robust manner, the above results establish the enhanced ability of GWO algorithm to 

achieve superior quality solutions. 
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Figure 19: Active and reactive power losses. 

Source: Authors, (2025). 

V. CONCLUSION 

Based on the nature-inspired approaches, this study offers a successful solution to an MG's challenges. The GWO method 

successfully applied to solve the EMO and OC problems of a MG. The suggested method has been investigated and tested on an MG that 

is connected various DG units via an ESS. The outcomes of the simulation demonstrate how well the suggested strategy works to address 

EMO and OC in various operating scenarios. Moreover, the obtained results using GWO are either better or comparable to those obtained 

by other technique reported in the literature. In terms of the computational effort, convergence speed and performance of the solutions 

reveal the superiority of GWO algorithm. 
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