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Abstract- In this paper, an efficient artificial intelligence Grey Wolf Optimization (GWO) technique has been proposed for 
solving economic load dispatch. The objective is to minimize the total generating cost while maintaining the power balance 
equation and certain equality and inequality constraints. The economic load dispatch problem is the most significant 
optimization problem in scheduling the generation of thermal generators in power system.  The proposed technique is 
implemented on two test systems. A comparison of obtained simulation results by using this technique with seven other 
swarm intelligence algorithms has been done. These techniques are applied on two test systems; one comprisingof three 
generators and other comprising of six generators. The results signifythe superiority of the GWO techniques among others to 
solve the ELD problem. 
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I. INTRODCTION  
 
Electrical energy occupies the top grade in the energy 
pecking order. The electrical energy is one of the 
most obligatory constituent which can be generated 
by various generating resources like thermal, hydro 
and nuclear. The main problem inthe operation and 
planning of power system is that all the generators are 
economically scheduled in order to meet desired load 
demand. The ELD is one of the most important 
problem that occurs in the power system. The main 
aim of economic load dispatch problem is to find 
optimum generation among the existing units in such 
a way that the total fuel cost becomes minimized 
while satisfying the power balance equation under 
various constraints. There are various traditional 
methods to solve the ELD problem such as linear 
programming, gradient method, lambda iteration 
method and Newton’s method[1]. Some of the other 
population based methods to solve the ELD problem 
are real coded genetic algorithm, modified artificial 
bee colony algorithm[2],gravitationalsearch 
algorithms[3], chaotic and Gaussian particle swarm 
optimization approach and cuckoo search algorithm 
technique[4]. 
 
In this paper GWO has been used which is a recently 
developed new algorithm techniqueinspired from the 
leadership hierarchy and hunting mechanism of gray 
wolf in nature proposed by Mirjalili etal. [5]. The 
motive for using this technique is that it has the 
ability to converge to a better quality near optimal 
solution and processes better convergence 
characteristics as compare to other optimization 
techniques. 
 
The effectiveness of this algorithm is demonstrated 
for test cases of three and six unit power system and a 
comparison of obtained simulation results by using 
this technique with seven other swarm intelligence 

algorithms. These are Particle Swarm Optimization, 
Shuffled Frog Leaping Algorithm, Bacterial Foraging 
Optimization, Artificial Bee Colony, Harmony 
Search, Firefly Algorithm and Cuckoo Search 
Algorithm.  
 
II. PROBLEM FORMULATION  
 
The main purpose of ELD problem is to find the 
optimum generation among the existing units in order 
to reduce the generator fuel cost while satisfying 
power balance equation under various different 
constraints. 
For the operation of ED in multi objective 
mathematical programming, the fuel cost as the 
objective function is considered which is to be 
minimized, subject to satisfy the power balance 
equation under different constraints for the operation 
of system. 
 
Consider an electrical system having N generators. 
The Fuel cost our objective function which is to be 
minimized is the summation of the fuel which can be 
expressed as 
Min		 Fi (PGi	) 	= 			∑ Fi(PGi	)                      (1) 
Subjected to the following constraints : 
Fi(PGi	) = (ai + biPGi+ ci P2

Gi)                                 (2) 
 
Where, 
ai, bi and ci are the cost coefficients for the ith 
generator, Rs/MW2h, Rs/MWh.  
PGi: The  real power output of the ith generator                                                             
NG: Number of generators   
(A) Power balance equation 
According to the power balance equation the total 
power generated among all the generators should be 
equal to total power demanded plus total real power 
loss. i.e. 
∑PGi–PD – PL = 0                                            (3) 
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where 
PGi= real power output of ithgenerator 
PD= Power Demand 
PL= Transmission Losses 
PL= ∑ ∑ PGi	Bij	PGj +∑ Boi	PGi + Boo 
whereBij is a loss component square matrix. 
(B) Generator Constraints 
PGi, min  ≤PGi ≤  PGi, max                                                            (4) 
where 
PGi, min: Minimum limit for power generation of ith 
generator 
PGi, max: Maximum limit for power generation of ith 
generator 
 
III. GREY WOLF OPTIMIZATION  
 
GreyWolf Optimization (GWO) is a recently 
developed new algorithm techniqueinspired from the 
leadership hierarchy and hunting mechanism of grey 
wolf in nature proposed by Mirjalili et al. in 2014[5]. 
The grey wolves mostly like to live in a pack and one 
of the most important feature is their very strict social 
hierarchy. The main leader of the pack is called 
alpha. The alpha wolf is the most predominant wolf 
in the pack as his/her orders were followed by rest of 
the pack. The alpha wolf is one of the most important 
member in terms of managing the pack. 
 
The second important one is called beta. They are 
also known as sub-ordinate wolves as they help alpha 
in their respective work. They act as advisor to alpha 
and commander to the rest of the wolves in the pack. 
The third one are called Delta. They submitted 
themselves to the alphas and betas but dominate the 
omegas.The fourth one which are lower ranking 
wolves are called omega. They have to submit 
themselves to all other members in the pack. 
 
In another important thing among the grey wolves is 
their hunting mechanism which includes tracking, 
chasing, encircling and harassing the prey until they 
stop moving. Then they attack the prey. 
The mathematical model of this model is discussed as 
following. 
 
(A) Social Hierarchy 
When mathematical model of GWO is designed we 
will consider the first fitness solution as alpha (α ), 
the second best solution as beta (β), and the third best 
solution as delta (δ). The rest of the solution are 
assumed as omega (ω). The hunting mechanism is 
decided by α, β, and δ, and the ω wolves have to 
follow them. 
 
(B) Encircling Prey 
As the grey wolves encircle prey during the hunt, so 
their mathematical model which represents their 
encircling behavior are discussed as below : 
D= (C. Xp(t)- Xw(t)) (5) 
Xw(t+1)= Xp(t) -A.D (6) 

Where ‘t’ indicates the current iteration, A and C are 
coefficient vectors, Xp is the position of prey and Xw 
is the position of grey wolf. 
The vector A and C are given as : 

A = 2a.r1- a     (7) 
        C = 2.r2   (8) 
 
Here r1, r2 are random vector between 0 to 1, and 
value of a is linearly decreased from 2 to 0.  
The grey wolf can update their position according to 
equation (5) and (6). 
 
(C) Hunting 
As we know that the grey wolf firstly recognizes the 
prey and then encircles them to hunt. The hunt is 
usually decided by alpha and beta, delta also 
participate in hunting occasion. So mathematically in 
the hunting procedure we take alpha, beta and delta as 
the best candidate solution and omega have to update 
its position according to the best search agent. The 
mathematical model for hunting is shown below: 
Dα= (C1.Xα(t)- X(t)) (9) 
Dβ= (C2.Xβ (t)- X(t)) (10) 
D∆= (C3.X∆ (t)- X(t))(11) 
X1=Xα  - A1. Dα                   (12) 
X2=Xβ  - A2. Dβ(13) 
X3=X∆ - A3. D∆(14) 
X(t+1)=X1+X2+X3/3;(15) 
 
(D)  Search for prey 
As we know that the grey wolves finishes their hunt 
by attacking the prey. In mathematical model we 
have ‘A’ a random variable having values in the 
range[-2a, 2a] where a is decreased from 2 to 0. 
When the value of ‘A’ lies within [-1,1] then the next 
position of search agent is between its current 
position and position of prey. 
 
IV. RESULTS AND DISCUSSION 
 
The GWO technique is used to solve the ELD 
problem, so in this paper we take two test cases to 
solve the problem and compare it with other swarm 
intelligence techniques. 
Case 1: Three Generator System 
The input values and loss coefficient were taken from 
Table 1 [4].It is a three generator system where power 
demand is given as 150 MW. 
 

Table 1. Generation unit data for case 1 

 
 

Bij= 10 	*
0.0218		0.0093		0.0028
0.0093		0.0228		0.0017
0.0028		0.0017		0.0179

 

B00 = 0.030523 
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Table 2. Results of the GWO technique 

 
 

The table above mentioned will represents the results 
of GWO technique when applied to a three generator 
system. Now we will compare this technique with the 
other swarm intelligence techniques[4]. 
 
Table 3.Comparison of results of GWO technique 

with other swarm intelligence techniques 

 
 

Case 2. Six generator system 
The input values and loss coefficient were taken from 
or reference [1] and is given I table 2. It is a six 
generator system and power demand is 700 MW. 
 

Table 4.Generation unit data for case 2 

 
 

Bij= 10  * 

⎣
⎢
⎢
⎢
⎢
⎢
0.14		0.17		0.15		0.19		0.26		0.22
0.17		0.60		0.13		0.16		0.15	0.20
0.15		0.13		0.65		0.17		0.24		0.19
0.19		0.16		0.17		0.71		0.30		0.25
0.26		0.15		0.24		0.30		0.69		0.32
0.22		0.20		0.19		0.25		0.32		0.85⎦

⎥
⎥
⎥
⎥
⎥

 

BI0 =10  * 
⌊−0.3908− 0.1297	0.7047	0.0591	0.261−
0.6635⌋ 
B00 = 0.056 

 
Fig 1. Convergence Characteristics for Test Case 1 

 
Table 5. Results of GWO technique for six 

generator system 

 
 

The table above mentioned will represents the results 
of GWO technique when applied to a six generator 
system. Now we will compare this technique with the 
other swarm intelligence techniques. 

 
Table 6.Comparison of results of GWO technique 
with other swarm intelligence techniques for six 

generator system 

 
 

It is clear from the above data that the power obtained 
by this technique is very close to power demand and 
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the value of fuel cost is minimum as compare to other 
swarm intelligence techniques. This approach 
performs better than ABC, CS and FA in terms of 
reduction of losses and power balance equation is 
maintained.  
 

 
Fig 2 Convergence Characteristics for Test Case 

 
CONCLUSION 
 
In this paper ELD problem is solved by using a new 
technique GWO. The results of the proposed 
technique is compared with the other swarm 
intelligence techniques and it is better in terms of 
reduction of losses and fuel cost while power balance 
equation is to be maintained. 
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