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Abstract 

Addressing the Economic load Dispatch (ELD) Problem in power systems is crucial for 

minimizing generation cost and transmission losses while meeting the load demand. This 

research explores the application of Grey Wolf Optimization (GWO) to solve the ELD 

problem, leveraging ‘GWO’s inspiration from grey wolf social behavior. Through simulation, 

‘GWO’s superior convergence speed and solution quality compared to traditional techniques 

is demonstrated. The finding highlights ‘GWO’s effectiveness in enhancing the economic and 

operational efficiency of power systems, offering promising avenues for sustainable energy 

management strategies. 

Keywords: Economic Dispatch Problem, Optimization technique, Grey Wolf Optimization 

Algorithm 

 Introduction  

In recent years, the optimization of power system operation has garnered significant 

attention due to the growing demand for electricity and the imperative for sustainable energy 

practices. The ELD issue, which entails figuring out the best way to distribute generation 

resources to fulfill demand while reducing operating costs and abiding by system limits, is one 

of the main obstacles in power system optimization [1]. 
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Traditional optimization techniques such as gradient-based methods and evolutionary 

algorithms have been extensively explored for addressing the ELD problem [2]. However, 

these methods often suffer from limitations such as slow convergence and sensitivity to initial 

conditions. In order to surmount these obstacles, researchers have resorted to nature-inspired 

optimization algorithms, which replicate the characteristics of organic systems in order to 

effectively investigate solution spaces [3]. 

One such algorithm that has gained traction in recent years is the GWOA proposed by 

Mirjalili[4]. Grey wolf social structure and hunting behavior serve the inspiration for GWO, a 

potentially effective method for resolving optimization issues like ELD. Grey wolf hunting 

techniques are simulated using GWO, which achieves stable convergence features and higher 

performance over conventional approaches by striking a balance between exploitation and 

exploration [5]. 

In this research, a comprehensive study on the application of GWO to solve the ELD 

problem in power systems is presented. We leverage insights from recent research to enhance 

the performance and applicability of GWO in the context of ELD optimization [6]-[12]. The 

proposed methodology has been validated using MATLAB based simulation environment. The 

results revealed that the proposed methodology offers optimal solutions with good convergence 

rate. 

 Problem Formulation 

The economic load distribution among the various generating units has enabled a 

minimal cost operation to be carried out; hence, it is necessary to explain the unit's running cost 

in terms of power production. The fuel-cost function has the mathematical shape of a second 

order curve (2.1) in most studies. The ED's goal function will be to minimize   

f(FC) = min Σi=1
n FCi  

FCi = aiPi
2 + biPi + ci                                            (2.1) 

Within the limitations of: 

“Pi min ≤ Pi ≤ Pi max    i= 1,…..,n” 
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PL = Σi=1
n Σj=1

n PiBijPj + Σj=1
n BojPj + B00                                        (2.2) 

PD = Σi=1
n Pi − PL                                                                            (2.3) 

Where,  

FCi- unit(i) fuel cost in $/h . 

Pi- generator i real power output 

a,b,c are cost coefficients. 

n - Number of units. 

Pi min and   Pi max  is the minimum and maximum limit ith generating unit  

PL- “Total power loss in MW”. 

PD- ‘Total demand in MW”. 

B- Loss coefficients. 

 Grey Wolf Optimization Algorithm 

A.   Introduction 

The GWOA method was inspired by the hunting techniques of grey wolves. The way 

alphas guide the pack toward prey relates to their social order. The program simulates the 

behaviors of wolves—circling, tracking, and attacking their prey—using mathematical 

formulas. These behaviors are then applied to an optimization issue to find the optimal solution. 

Other wolves in the pack follow the movements of alpha, beta, and delta wolves, which finally 

directs them to the best option. The following are the primary stages of grey wolf hunting:  

• Tracking, pursuing, and getting close to the target Challenging, encircling, and 

pestering the target until it gives up make an attack on the target.  
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B. Formulary Synopsis  

The below section shows the mathematical modeling of the foraging behavior of the 

grey wolves.   

C.    Social Hierarchy 

“In building GWO, we consider the best suited solution, which we call the alpha (α), to 

simulate the social structure of wolves quantitatively. So, we call the second and third best 

solutions beta (β) and delta (δ), respectively. The other possible solutions are considered omega 

(ω). In the GWO algorithm, alpha (α), beta (β), and delta (δ) guide the optimization process”. 

 

Figure 1. Exploitation and Exploration Strategy 

D.   Encircling Prey 

As we already know, the prey is surrounded by the wolves while hunting. This 

encircling behavior, is analysed using the  equations provided below. : 

D⃗⃗ = |xP⃗⃗⃗⃗ (t). C⃗ − x⃗ (t)|                                                         (3.1) 

x⃗ (t + 1) = xP⃗⃗⃗⃗ (t) − D⃗⃗ . A⃗⃗                                                                    (3.2) 

“Within this framework, 't' denotes the current iteration, 'A  ' and 'C  ' are coefficient 

vectors, '(x_P)'   signifies the prey's position vector, and 'x  ' indicates a gray wolf's position 

vector, with vectors 'A' and 'C' calculated using equations (3.3) and (3.4).” 

A⃗⃗ = a⃗ (2rand⃗⃗⃗⃗ ⃗⃗ ⃗⃗  ⃗
1−1)                                                                                               (3.3) 

C⃗ = 2. rand2
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗                                                                                                       (3.4) 
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E.    Hunting  

Gray wolves are skilled at tracking down and following their prey. Usually, the alpha 

leads the hunt, with the beta and delta occasionally joining. However, we lack information 

about where the best (prey) might be in a general search space. o mathematically simulate gray 

wolves' hunting behavior, we prioritize the alpha, beta, and delta agents for their superior prey-

tracking abilities, adjusting other agents' positions accordingly, as depicted by the relevant 

equations. 

Dα
⃗⃗⃗⃗  ⃗ = |C1

⃗⃗⃗⃗ ⋅ xα⃗⃗⃗⃗ − x⃗ |, Dβ
⃗⃗ ⃗⃗  = |C2

⃗⃗⃗⃗ ⋅ xβ⃗⃗⃗⃗ − x⃗ |, Dδ
⃗⃗ ⃗⃗  = |C3

⃗⃗⃗⃗ ⋅ xδ⃗⃗⃗⃗ − x⃗ |                           (3.5) 

x⃗ 1 = x⃗ α − A⃗⃗ 1 ⋅ (Dα
⃗⃗⃗⃗  ⃗), x⃗ 2 = xβ⃗⃗⃗⃗ − A⃗⃗ i ⋅ (Dβ

⃗⃗ ⃗⃗  ) , x3⃗⃗  ⃗ = xδ⃗⃗⃗⃗ − A3
⃗⃗ ⃗⃗  ⋅ (Dδ

⃗⃗ ⃗⃗  )    (3.6) 

x⃗ (t + 1) =
x1⃗⃗ ⃗⃗ +x2⃗⃗ ⃗⃗ +x3⃗⃗ ⃗⃗ 

3
                                                         (3.7) 

F.   Prey Attack (Exploitation) 

“As mentioned earlier, gray wolves finalize their search by attacking their prey once it 

halts. We adjust vector 'a  ' to mathematically simulate approaching the prey. Notably, reducing 

'a  ' also narrows the range of fluctuation for 'A  'During each iteration, 'A  ' symbolizes a 

random value within the interval [-a, a], with 'a' diminishing from 2 to 0; when 'A  ' falls within 

[-1, 1], the future position of a search agent can vary between its current position and the prey's 

position, as illustrated in Fig. 1(a), where if |A|<1, the wolves are driven to attack towards the 

prey”.  

G.   Search for Prey (Exploration) 

Gray wolves primarily rely on the alpha, beta, and delta’s position to guide their 

searches. They venture out individually to locate prey and then regroup to attack it. To simulate 

divergence mathematically, We employ vector 'A  ' with random values beyond 1 or below -1, 

prompting the search agent to move away from the prey. This prioritizes exploration and 

enhances the global search capability of the GWO algorithm. Fig. 1(b) illustrates how |A|>1 

prompts gray wolves to separate from their prey in search of a potentially better meal. Another 

component of GWO, 'C  ', fosters exploration. Equation (3.4) demonstrates that 'C  ' holds 

random values within the range [0, 2]. By assigning random weights to the prey, this section 
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stochastically amplifies (if 'C' > 1) or diminishes (if 'C' < 1) the influence of the prey in 

determining distance (as per Equation 3.1), promoting unpredictability in GWO's optimization 

process, aiding in discovery, and circumventing local optima. It's worth noting that unlike 'A', 

'C' does not decrease linearly. To encourage exploration throughout both initial and final 

rounds, we intentionally mandate 'C' to consistently provide random values. 'C  ' can be likened 

to the effect of natural obstacles encountered by wolves during their hunt for prey. 

 

 

Figure 2. Flowchart of GWO 
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 Simulation Results 

The suggested method has been applied to the IEEE 30-Bus standard test system and 

its three generator units. MATLAB is used for all simulation-related tasks. 

Case A: Three generator units 

Fuel cost coefficients and the operational limits of generators are given in Table 1. 

 

Figure 3. Three Generator System 

Table 1. System Specifications of Three Generator Units 

 

Loss Coefficients  

                                   Bij=[
0.000218 0 0

0 0.000228 0
0 0 0.000179

] 

The optimal solutions of EDC problem using GWO method for the system demand of 

150 MW at the end of 500th iterations for the population size of 20 are summarized in Table 2. 

GWO strategy produces a superior answer than the gradient descent method, which is evident 

from the simulation results.  
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Table 2. Comparisons- Three Generator Case (PD=150 MW) 

Optimization 

methods 

Gradient 

Descent [1] 

GWO 

P1 (MW) 35.0907 36.6967 

P2 (MW) 64.1317 61.7718 

P3 (MW) 52.4767 53.1541 

Total loss (MW) 1.699 1.622 

Total Cost ($/h) 1592.65 1592.40 

 

Case B: IEEE 30- Bus Test System  

This system has a base load of 283.4 MW, 6 generation units, and 41 transmission lines. 

Table 3 lists the necessary data for this test system. 

Table 3. System Specifications of IEEE 30 Bus 

 

B0= -0.000003  0.000021  -0.000056  0.000034  0.000015  0.000078 

B00= 0.000014 
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Figure 4. IEEE 30 Bus System [13]      

 

The EDC problem has been solved using GWO method and the figure 5 shows the 

convergence characteristic for 500 iterations. It is discovered that in each independent trial, the 

GWO approach consistently produces solutions. Comparison findings between the novel 

approach GWO and those from [13,14,15] are displayed in Tables 4 and 5. The findings show 

that power outputs, total losses, and total cost have significantly converged. 

Table 4. Comparative Results of Optimal Generations-IEEE 30-Bus system 

(PD=283.4 MW). 

 

Figure 5. Convergence Characteristic of GWO for    

System Demand of 283.4 MW   
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Table 5. Comparative Results of EDC for IEEE 30- Bus (PD-283.4 MW). 

 

From Table 5, it is evident that GWO approach results good solution than other soft 

computing techniques reported in the literatures. Further, solutions to EDC problem for various 

demands using proposed GWO method are summarized in Table 6. 

Table 6. Outcomes for Various Load Demand using GWO-Case B 

Demand Generation Total 

Loss 

(MW) 

Total 

cost 

($/h) 
PD 

 (MW) 

P1 

(MW) 

P2 

(MW) 

P3 

(MW) 

P4 

(MW) 

P5 

(MW) 

P6 

(MW) 

150 67.710 28.61

3 

17.44

8 

11.2603 14.07

2 

12.511 1.615

9 

379.761

8 

200 111.22 29.90

5 

20.08

4 

14.4589 13.35

0 

14.561 3.585

8 

524.389

2 

250 124.00 40.42

5 

27.07

5 

22.4091 23.15

6 

17.578 4.646

3 

698.292

6 

275 158.09 41.88

0 

21.53

3 

23.5786 20.23

9 

16.592 6.914

6 

773.297

6 

300 151.90 55.08

9 

24.39

6 

33.3539 14.91

9 

27.537 7.200

9 

871.042

9 

400 198.56 72.28

1 

43.36

7 

34.5029 26.92

6 

37.117 12.75

6 

1290.60 

 Conclusion 

In this work, GWO has been implemented to find the best solution for ELD problem. 

The IEEE 30 Bus system and three generating units system is considered for validation. To 

verify the efficacy of the suggested strategy, comparisons have been done between the 

outcomes of the GWO method and other optimization strategies documented in the literature. 

When compared to previous optimization strategies, it is discovered that the suggested 

technique produces best solutions to the EDC problem with good rate of convergence 

characteristics. 



Optimizing ELD in power systems applying GWO: A Practical Approach 

 

ISSN: 2582-2640  138 

 

 

References 

[1] H. Saadat, "Power system analysis," McGraw-Hill Education, 2010. 

[2] D. E. Goldberg, "Genetic algorithms in search, optimization, and machine learning," 

Addison-Wesley, 1989. 

[3] G. Chen et al., "Optimal power flow solution using grey wolf optimization algorithm," 

International Journal of Electrical Power & Energy Systems, vol. 88, pp. 15-24, 2017. 

[4] S. Mirjalili and S. M. Mirjalili, "Grey wolf optimizer," Advances in engineering 

software, vol. 69, pp. 46-61, 2014. 

[5] Koridak, Lahouari Abdelhakem, Mostefa Rahli, and Mimoun Younes. "Hybrid 

optimization of the emission and economic dispatch by the genetic algorithm." 

Leonardo Journal of Sciences 14 (2008): 193-203. 

[6] N. Mezhoud, B. Ayachi, M. Amarouayache " Multi-objective optimal power flow based 

gray wolf optimization method," Electrical Engineering & Electromechanics, no. 4, pp.  

57-62, 2022. 

[7] Krunalkumar J. Gandhi, Nitin J. Patil., “Solving Economic Load Dispatch Problem 

using Grey Wolf Optimizer Method”, International Journal of Recent Technology and 

Engineering (IJRTE), Vol-8 Issue-4, pp. 684-688, 2019. 

[8] Wenqiang Yang, Yihang Zhang  , Xinxin Zhu  , Kunyan Li and Zhile Yang,” Research 

on Dynamic Economic Dispatch Optimization Problem Based on Improved Grey Wolf 

Algorithm”, Energies, 17, 1491, 2024. 

[9] Sebaa Haddi, Omrane Bouketir, Tarek Bouketir, “Improved Optimal Power Flow for a 

Power System Incorporating Wind Power Generation by Using Grey Wolf Optimizer 

Algorithm”, Power Engineering And Electrical Engineering, Vol-16, pp. 471-488, 

2018. 

[10] N. Mezhoud, B. Ayachi, M. Amarouayache, “Multi-objective optimal power flow 

based gray wolf optimization method”, Electrical Engineering & Electromechanics, no. 

4, pp. 57-62, 2022.  



                                                                                                                                        Logadeep S, Hariraam N N, Sujatha Balaraman 
 

Journal of Soft Computing Paradigm, June 2024, Volume 6, Issue 2  139 

 

 

[11] Ladumor Dilip, Rajnikant Bhesdadiya, Indrajit N Trivedi, Pradeep Jangir, " Optimal 

power flow Problem Solution Using Multi-objective  grey wolf optimizer Algorithm," 

In book: Intelligent Communication and Computational Technologies, pp.191-201, 

2018 

[12] Seyedali Mirjalili, Seyed Mohammad Mirjalili, Andrew Lewis “Grey Wolf Optimizer“, 

Advances in Engineering Software 69:46–61, 2014 

[13] Haidet J.Touma, “ Study of the Economic Dispatch Problem on IEEE 30-Bus System 

Using Whale Optimization Algorithm”, International Journal Of Engineering 

Technology And Sciences (IJETS) Vol.5 (1), pp: 11-18, 2016  

[14] Abuella, Mohamed, and Constantine Hatziadoniu. "Selection of most effective control 

variables for solving optimal power flow using sensitivity analysis in particle swarm 

algorithm." arXiv preprint arXiv:1601.04150 (2016).  

[15] Surekha, P., and S. Sumathi. "Solving economic load dispatch problems using 

differential evolution with opposition based learning." WSEAS Transaction on 

Information Science and Applications 1, no. 9 (2012): 208-220. 

 

 


