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Abstract: 

The paper presents a new approach to economic load dispatch using particle swarm optimizat ion (PSO). ELD problems have 

objective functions with inequality and equality constraints that make it d ifficu lt to find the global optimum using any math emat ical 

approaches. Normally, the fuel cost of generators can be treated as a quadratic function of real power generation. In power system 

operation output power of generators should be properly adjusted in economical approaches so as to reach till the load demand  which 

changes every moment. Power always flows from generation side to load side. Transmission o f power at min imum cost and better 

efficiency is termed  as Economic Load Dispatch. Economic Load Dispatch is the essential term in power system network for redu cing 

the generation cost and giving optimum output. Particles swarm optimization algorithms inspired by behaviour of swarm has been 

applied successfully to find ELD problem. The results obtained from PSO are compared to those achieved from other approaches.  

These results prove that the proposed method is capable of getting higher quality solution inc luding mathematical simplicity, fast 

convergence, and robustness to solve hard optimizat ion problems. 
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I. INTRODUCTION 

 

Electric energy is the most flexib le form of energy which is used 

to operate various domestic appliances in households and the 

electrical equipment’s used in large factories. Electricity demand 

is rising day by day following such a highly power dependent 

society. These demands can be fulfilled either by utilizing 

electrical energy in a more efficient and way or by producing 

energy in most economical manner. Generating the exact amount 

of power as demanded meeting all the losses is crucial and 

follows a complex procedure. Economic load dispatch (ELD) [1-

3] can be utilized to figure and to schedule the required quantity 

of power to be generated among the various generating units in 

the system. The operation of the various generating systems in 

an economical manner is always considered an important factor 

in power industry while considering various diversified form of 

constraints regarding to power generation, power demand and 

operational limits of the generating units. Conventional methods 

have many draw back such as nonlinear programming has 

algorithmic complexity [2]. Linear programming methods are 

reliable and fast but require linearizat ion of the objective 

function [7] as well as limitation with non-negative variables. 

Quadratic programming [3] which is a special form of nonlinear 

programming has some dis-advantages associated with hybrid 

quadratic cost approximation. Newton-based method [2] has a 

drawback of the convergence characteristics that are subtle to 

initial conditions. The interior point method is computationally 

efficient but suffers from bad optimality criteria [5] and init ial 

termination. 

 

 

 

 

II. ECONOMIC LOAD DISPATCH 

 

The aim of electric supply utility is to provide electrical energy 

in smooth form to the consumers. While doing this, the 

generation of electric power with min imum cost should be 

ensured. The total demand should be shared appropriately 

among the units to achieve economic operation of the system. 

By this the total generation cost will be minimized for the 

system with the maintained voltage level at the safe operating 

limits. The economic dispatch [3] of power is one of the major 

issues in the power system. With the passage of time, the load 

demand among consumers are increasing and day by day fuel 

costs are booming, so the system operating cost also enhances 

with t ime. The maintenance costs and service costs are small and 

just a fixed proportion, so we can say that the operating costs are 

the fuel cost and here we have to minimize fuel cost.  These 

problems can be solved by conventional and nonconventional 

optimization techniques [5-6]. 
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Figure.1. Simple Model of Generating Plant  
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Figure.2. Operating cost of the fossil fired generator  

 

III. PARTICLE SWARM OPTIMIZATION 

 
Optimization is the method which is used to find the maximum 

or minimum value of a function or a process [5]. Particle Swarm 
optimization technique can be used in various fields like physics, 

chemistry, economics and engineering where the goal of PSO [2-

6] is to maximize efficiency and the production. Particle swarm 
optimization is such an efficient technique to maximize and 

minimize a function. Particle swarm optimization (PSO) is 
known as a population based random optimizat ion technique, 

inspired by the social behaviour- bird flocking or it can be fish 
schooling. Its many similarit ies are found with evolutionary 

computation techniques such as Genetic Algorithms (GA). Every 

particle in PSO is associated with some velocity. So the particle 
has a tendency that they can fly towards the better search area. 

The system is initialized with a population of random solutions 
and searches for optima by updating generations [3]. However, 

unlike GA, PSO has no evolution operators such as crossover 
and mutation. The potential solutions in PSO, which are called 

as particles, fly through the problem space by following the 

current optimum particles. The detailed informat ion of PSO will 
be given in following sections. Compared to GA, the advantage 

of PSO is that it is easy to implement and there are few 
parameters to adjust. As the complexities of the problem 

increase, especially with the introduction of uncertainties to the 
system, we have to use more complicated optimization 

techniques, such as stochastic programming or DP. However, 
these analytical methods are not easy to implement for most of 

the real-world problems. In fact, for many problems, the curse of 

dimensionality makes the approach unfeasible to implement. The 
above issues discussed are of some particular importance while 

solving optimizat ion problems in a power system. As a highly no 
stationary, nonlinear system with noise and some uncertainties, a 

power network can have a large number of states and parameters 
[5-7]. Implementing any of the classical analytical optimization 

might not be feasible in many cases. Whereas, PSO can be an 

alternative solution. It is a stochastic based search technique that 
has its roots in artificial life and social psychology, as well as in 

engineering and computer science. It utilizes a “population,” 
which is known as particles, which flows through the problem 

hyperspace with given velocities; during each iteration, the 
velocities are randomly adjusted considering the previous best 

position of the particle itself and the position of neighbour (both 

of them are defined according to a fitness function which is 
predefined). Then, the movement of each particle naturally 

evolves to an optimal or near-optimal solution. Particles of a 
swarm may benefit from the prior discoveries and experiences of 

all the members of a swarm when foraging. The fundamental 
point of development of PSO is a hypothesis where the exchange 

of informat ion among the creatures of same species offers some 

kind of evolutionary advantage. Every particle is affected by 
three factors: its own velocity, the best location it has achieved 

so far called Pbest and the overall best location achieved by all 
particles called Gbest [7]. 

 

 
 

Figure 3: Flow Chart of Particle S warm Optimization 

 

The particles need to follow the current optimum part icles to fly 

in the problem space. Some random particles called solutions are 

responsible for initializing PSO and then it automatically 

searches for the optimum by updating its generations [3]. The 

following two” best” values are used to update each particle after 

each iteration. The best solution (fitness) it has achieved so far is 

the first one. This value is called Pbest. The global best value is 

another “best” value, obtained till now by any particle  within the 

population. The best value is known as global best or Gbest. 

When a particle participates [7] in population as its topological 

neighbours, the value which is achieved that is the best value is 

local best and called as Pbest [2]. 
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IV. PSO: VARIANTS  

 

The different variants of PSO algorithm are described in this 

section. [4-6] 

 
A. Hybrid PSO: Angeline (1998) produced one of the first 

particle swarms which were intentionally hybridized. In his 

model, selection was applied to the particle population; the 
particles which were “good” were reproduced with mutation, 

and “bad” ones were eliminated. Angeline’s results showed that 
PSO could benefit from this modification. As a result, hybrid 

versions of PSO have been created and tested in different 

applications. The most common has hybrid of genetic algorithm 
and PSO (GA-PSO), hybrid of evolutionary programming and 

PSO (EPSO) and hybrid of differential evolution and PSO 
(DEPSO and C-PSO). 

 
B. Adaptive PSO: Other authors have suggested different 

adjustments to the parameters of the Part icle Swarm 

Optimization   algorithm: adding a random component to the 
inertia weight applying Fuzzy logic to it, using a secondary PSO 

to find the optimal parameters of a primary PSO, Q-learning, or 
adaptive critics. The adaptive strategies are: Adjust the swarm 

size, ad just the inertia weight, and adjust the neighbourhood size.  
 
C. PSO in complex environment: PSO in complex environment 

includes: Multi-objective particle swarm optimizat ion (PSO), 
Constraints handling in PSO and Dynamic tracking in part icle 

swarm optimization (PSO). 
 
D. Discrete PSO variants: In d irect approach the classical PSO 

algorithm is applied and the solutions are converted into bit 

strings using a hard decision decoding process.  

Vi
k+1

=w*vi
k
+c1*rand1*(pbest-xi

k
)+c2*rand2(gbest-xi

k
) 

Where, 

vi
k+1

 : Part icle velocity at current iteration (k+1) 

vi
k
 : Particle velocity at kth iteration 

rand1, rand2: Random number between [0, 1]  

c1, c2: Accelerat ion constant 

w: Inert ia weight 

 
 

Figure. 4. Phasor diagram 

 

V.  PROBLEM FORMULATION FOR ELD  

 The problem formulation of economic load dispatch problem is 

totally based on objective function and it depends upon  the 

equality and inequality constraints . A transmission line loss 

plays an important role in Economic Load Dispatch Problem.  

 

A. Objective Function 

 

Min F=   
   Fi(Pgi)   (1) 

Subject to: 

   
   Pgi =    

   PDi +PL   (2) 

Pi min ≤ Pi ≤ Pi max    (3) 

 Pi min is the lowest limit of power generation and Pi max is the 

upper limit of power generation.  

Where Fi(Pgi) represents the cost function of generators and its 

formulated as: 

Fi(Pgi) = ai(P
2

gi) + bi (Pgi) + ci  (4) 

Where ai, bi, ci are cost coefficients. Equation 2 is representing 

inequality constraints and equation 3 represent equality 

constraints.  
 Pi min = Minimum Power 

 Pi max = Maximum Power 

B. Transmission System Losses 

 
Ploss =    

   
   
   Pgi*Bij*Pgj  (5) 

 In equation-5 Bij is called as B-coefficients or loss coefficients 

matrix. 

 

 VI. RES ULTS AND DISCUSS IONS 

 

 In this paper, 3 case studies are examined to confirm the 

effectiveness of genetic Algorithm variants and particle swarm 

optimization for optimizing Economic Load Dispatch Problem. 

In the case-1 uses a binary coded genetic algorithm, case-2 use 

real coded genetic algorithm and case-3 used PSO technique for 

solving ELD problem on IEEE-30 bus system. 

 

Table. 1. Parameters for Genetic Algorithm 
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 Table. 2. Cost Coefficients  

 

 Table. 3. Loss Coefficients  

 

A. Cost Curves 

 

 
Figure. 5. Particle S warm Optimization (population size 100) 

 

Figure. 6. Particle S warm Optimization (population size 150) 

Figure.7. Particle Swarm Optimization (population size 200) 

 

Figure. 8. Particle S warm Optimization (population size 250) 
 

Figure. 9. Particle S warm Optimization (population size 300) 
 

 
Figure 10: Particle S warm Optimization (population size 

350) 
 
 
 

Test 
system 

Bus a b C Pmin Pmax 

IEEE 
30 bus 
system 

1 0.15240 38.53973 756.79886 10 125 

2 0.10587 46.15916 415.32513 10 150 

5 0.02803 40.39655 1040.9977 35 225 

8 0.3546 38.30553 1243.5311 35 210 

11 0.02111 36.32782 1658.5596 130 325 

13 0.1799 38.27041 1356.6592 125 315 

Test 
system 

Loss Coefficient (10
-5
) 

IEEE 30 

bus 
system 

14 1.7 1.5 1.9 2.6 2.2 

1.7 6 1.3 1.6 1.5 2 

1.5 1.3 6.5 1.7 2.4 1.9 

1.9 6 1.7 7.1 3 2.5 

2.6 1.5 2.4 3 6.9 3.2 

2.2 2.0 1.9 2.5 3.2 8.5 
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IEEE 30 Bus 

Test System 

After 1000 Iteration Best Cost in 

Rs/MW 

Population 

Size 

100 41869.4409  

150 41869.2172 

200 41869.3248 

250 41869.3502 

300 41869.2940 

350 41869.2785 

 

V. CONCLUS ION 

 

In this Proposed Work, Part icle swarm optimization is 

successfully applied to minimize the fuel cost of the generators 

on the given system. We observed that Particle Swarm 

Optimization are capable any kind of Economic Load Dispatch 

problem. 
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