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Abstract— The economic dispatch means to find the 

generation of various units of various power plants at the 

same time the total demand and losses at any instant must be 

met by the total generation. The main objective is to reduce 

the cost of generating unit.The MATLAB program was 

developed some algorithm to solve the economic dispatch of 

an n-unit plant they are lambda iteration method, bat 

algorithm, dynamic programming method, PSO, quadrature 

programming. In this paper the QPSO is implemented to 

solve the economic load dispatch problem. 
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I. INTRODUCTION 

Where in the power system the power generation to the 

demand is the major problem now The purpose of this paper 

dealing with the thermal power plant is , normaly the 

tamilnadu has the present demand as 91,642 million  in 

2014-2015 as per TNEB record. The power demand has 

increased to 14% compared to the previous year. In future 

the government has planned to produce the power by using 

the wind energy , hydro-electric energy and thermal energy. 

 
Fig. 1: Installed capacity of TNEB in tamilnadu 

The thermal energy provides the more power. So 

the paper deals with the thermal power plant. 

II. ECONOMIC LOAD DISPATCH 

Economic load dispatch is the problem depends upon the 

fuel cost. The thermal generator fuel cost is high when 

comparing to other plants generator cost. So it is necessary 

to include the thermal power plant in the economic load 

dispatch. The main idea is to serve load at minimum total 

cost. The various cost comparison of the different power 

plants are being listed below. 

COST THERMAL HYDRO NUCLEAR 

Fixed cost 20% 75% 70% 

Fuel cost 70% 0 20% 

Other cost 10% 25% 10% 

Table 1. Comparision Of The Fuel Cost Between Various 

Power Plants 

III. ECONOMIC LOAD DISPATCH PROBLEM 

A. Objective Functions 

The objective of the Economic load dispatch problem is to 

reduce the fue cost of the generators included.The fuel cost 

function can be represented as, 

𝑚𝑖𝑛𝐹𝑖 =  ∑ 𝐹𝑖( 𝑃𝑖)

𝑁

𝑖=1

                                                       (1) 

𝐹𝑖(𝑃𝑖) is the cost function of the generator 

 𝑃𝑖  is the reactive output power of the ith  generator unit.The 

non-linear function of the economic load dispatch       

problem was, 

𝐹𝑖(𝑃𝑖) = 𝑎𝑖𝑝𝑖
2 + 𝑏𝑖𝑝𝑖 + 𝑐𝑖                                               (2) 

Here𝑎𝑖 , 𝑏𝑖 , 𝑐𝑖  are the cost co-effecients of the generator. 

B. Constraints 

1) Power Balance Constraints 

It is expressed as 

∑ 𝑃𝑖 = 𝑃𝑑 + 𝑃𝑙

𝑁

𝑖−1

                                                             (3) 

The system generator has the load and the demand losses. 

So the generator cost is minimized .so the equation should 

be satisfies the demand. 

𝑃𝑑 System demand 

𝑃𝑙   System load 

C. Generator Limits 

𝑃𝑖
𝑚𝑖𝑛 ≤ 𝑃𝑖 ≤ 𝑃𝑖

𝑚𝑎𝑥(i=1,……,N)                                    (4) 

𝑃𝑖
𝑚𝑖𝑛  Minimum power produced by the generator 

𝑃𝑖
𝑚𝑎𝑥  Maximum power produced by the generator 

Here as per the equation no (4) the load must be satisfied 

with the demand. So only the paper proceeds with the 

economic load dispatch problem to reduce the fuel cost. 

IV. PARTICLE SWARM OPTIMIZATION 

Particle swarm optimization method is a population based 

stochastic optimization technique. In this optimization 

process it provides a population base search by getting the 

best solution from the problem by taking the particles and 

moving them into the search space. Dr Eberhart and Dr 

kennedy in 1995 originated this technique in a simple social 

system.The system starts with a random populations and the 

optimization takes place when updating the particles. The 

particles searches the space by following the optimum 

particles. And the pso has the position vector(x)and a 

velocity vector(v).The population is called as swarm and in 

the swarm each member is called as a particle. 
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Fig .2: PSO technique using birds and fishes 

Swarm: A set of particles 

Particle: A Potential solution or a member of a swarm 

A. Position 

𝑋𝑖 = (𝑋𝑖1, 𝑋𝑖2, … , 𝑋𝑖𝑛) ∈ 𝑅′′                                 (5) 

B. Velocity 

𝑉𝑖 = (𝑉𝑖1, 𝑉𝑖2, … , 𝑉𝑖𝑛) ∈ 𝑅′′                         (6) 

Each Particle maintains its previous best position 

C. Individual Best Position 

𝑃𝑖 = (𝑃𝑖1, 𝑃𝑖2 , … , 𝑃𝑖𝑛) ∈ 𝑅′′                      

𝑃𝑏𝑒𝑠𝑡 = 𝑓(𝑃𝑖)                                                  (7) 

D. Swarm Global Position 

𝑃𝑔 ∈ 𝑅′′                 

𝑔𝑏𝑒𝑠𝑡 = 𝑓(𝑃𝑔)                                                (8) 

E. Original Velocity Updating Equation 

𝑉𝑖
𝑡+1 = 𝑉𝑖

𝑡 + ∅1. 𝑟1(𝑃𝑖 − 𝑋𝑖
𝑡) + ∅2. 𝑟2(𝑃𝑔 − 𝑋𝑖

𝑡) 

  𝑉𝑖
𝑡 inertia 

  ∅1. 𝑟1(𝑃𝑖 − 𝑋𝑖
𝑡) Cognitive component 

  ∅2. 𝑟2(𝑃𝑔 − 𝑋𝑖
𝑡) Social component 

1) Algorithm Of PSO 

1) Initialize the population(Swarm) 

2) Evaluate the fitness function 

3) update Pbest,gbest 

4) Update velocity and position 

5) Otherwise 

6) Go to step 2 

7) Repeat the iteration till condition satisfies 

2) Flow Chart of ELD Using PSO 

 
Fig. 3: Flow chart of PSO 

The flow chart presents the solution to the economic 

dispatch problem using pso to search the optimal solution of 

the each generating unit. The population was described as 

the swarm and the particles was described as the position 

due to the velocity factor (V) and position factor(X) the 

particles update themselves and pick a suitable fitness 

values.The best particle is determined by its own previous 

best particle. It is the potential solution for the best. The 

result of Pso is Compared to the Quantum behaved particle 

swarm optimization. 

V. ECONOMIC LOAD DISPATCH USING QPSO  

This optimization technique also similar to the particle 

swarm optimization. Quantum is nothing but the 

requirement of the particles with the position vectors. Here 

the particles moved based on the searching the updated 

mbest value. 

Each particle converges to its local attractor. It 

means the best of its own particle. 

𝑃𝑖 = (𝑃𝑖1 , 𝑃𝑖2, … , 𝑃𝑖𝑛)     
𝑃𝑖,𝑗 = ∅. 𝑝𝑏𝑒𝑠𝑡𝑖,𝑗 + (1 − ∅). 𝑔𝑏𝑒𝑠𝑡𝑖,𝑗                                (9) 

∅ = (0,1)             
∅ Acceleration factor 

P   local attractor 
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Fig. 4: Search behavior of QPSO 

In QPSO each particle has only position vector and does not 

have any velocity vector. So its convergence speed of the 

searching process has been high when comparing to the 

PSO. 

During evaluvation the particles update their 

position according to their best fitness values. 

Using monte carlo method the particles moving 

according to this equation. 

𝑥(𝑡 + 1) = 𝑝 + 𝛽 ∗ |𝑚𝑏𝑒𝑠𝑡 − 𝑥(𝑡)| ∗ ln(𝑙
𝑢⁄ ) 𝑖𝑓 𝑘 ≥ 0.5 

𝑥(𝑡 + 1) = 𝑝 − 𝛽 ∗ |𝑚𝑏𝑒𝑠𝑡 − 𝑥(𝑡)| ∗ ln(𝑙
𝑢⁄ ) 𝑖𝑓 𝑘 < 0.5 

𝛽  It is the contraction expansion co-efficient which can be 

turned to control the speed of the algorithm. 

L and u are the random variables distributed 

uniformly with the range of (0,1). 

Mbest is the mean best position of the position 

which is calculated by 

𝑀𝑏𝑒𝑠𝑡𝑗(𝑡) = 1
𝑁⁄ ∑ 𝑃𝑏𝑒𝑠𝑡𝑖,𝑗

𝑁

𝑖=1

(𝑡)                       (10) 

N is the number of particles  

P is the local attractor 

t  is the total time taken 

Each particle i has two vector 

Psedo code for QPSO 

     Begin 

While FES<=MAX.FES 

Go 

Update the position(9) 

Calculate the fitness value 

FES++ 

End for 

Update the pbest,gbest and mbest using (10) 

End while 

End 

A. Flow Chart for ELD Using QPSO 

 
Fig. 5: Flow Chart of QPSO 

This optimization technique provides the low fuel cost for 

the Thermal generator comparing the results with PSO. 

B. Algrothim of QPSO 

1) Initialize population : Random(Xi) 

2) Go 

3) calculate mbest using equation (10) 

4) for i=1 to population size M 

5) if fXi < f(Pi)then Pi = Xi 

6) pg = min(Pi) 

7) for d=1 to dimension D 

8) fi = rand(0,1) 

9) P = (fi1 ∗ Pid + fi2 ∗ Pgd)/(fi1 + fi2) 

10) L=∝∗ abs(mbest − d − Xid     

11) u=rand(0,1) 

12) if rand (0,1)>0.5 

13) Xid = P − l ∗ ln l
u⁄  

14) else 

15) Xid = P + l ∗ ln l
u⁄  

16) until termination criteria is met 

Based on this algorithm only the particles going to search 

the mbest.So the fitness factors are obtained by searching 

the new particles by the previous best one.According to this 

formulation the iteration was repeated to the when the finess 

value was not obtained. 
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VI. PROBLEM FORMULATION FOR THREE GENERATOR UNITS 

In PSO and QPSO techniques we applied here for the three 

generator units.In all the case the transmission losses are 

neglected. All the simulations are done in the MATLAB 

R2010a environment  

The Three generators considered are having 

different characteristics their fuel cost function 

characteristics are given by the following equations 

F1 = 0.00156P1
2 + 7.92P1 + 561$/Hr 

F2 = 0.00194P2
2 + 7.85P2 + 310$/Hr 

F3 = 0.00482P3
2 + 7.97P3 + 78$/Hr 

The operating limits of minimum and maximum 

power also different.The unit operating ranges for the power 

generation for ith units are given below 

              100 MW≤P1≤600 MW 

                    100 MW≤P1≤400 MW 

                    50 MW≤P1≤200 MW 

S.N

o 

DEMAN

D 

(MW) 

P1 

(MW) 

P2 

(MW) 

P3 

(MW) 

FUEL 

COST$/H

r 

1 450 205.30 
185.3

4 
61.34 4656.42 

2 700 322.72 
277.8

8 
99.39 6843.62 

3 800 
369.68

7 

315.6

9 
114.6 7740.77 

4 850 
393.16

9 

334.6

0 

122.3

2 
8196.35 

Table 2. Output for Three Generator Units (PSO) 

The generator demand is set to the four variations.From the 

above table the results of Economic Load Dispatch problem 

was obtained using PSO. 

S.N

o 

DEMAN

D 

(MW) 

P1 

(MW) 

P2 

(MW) 

P3 

(MW) 

FUEL 

COST$/H

r 

1 450 205.30 
185.3

4 
61.34 4653.42 

2 700 322.72 
277.8

8 
99.39 6840.62 

3 800 
369.68

7 

315.6

9 
114.6 7737.77 

4 850 
393.16

9 

334.6

0 

122.3

2 
8193.35 

Table 3: Output For Three Generator Units (QPSO) 

The Optimum solution was obtained from the Quantum 

Behaved Particle Swarm (QPSO) search algorithm. When 

comparing with the PSO technique.So finally the results 

were obtained from this technique for the three thermal unit 

generators.The fuel cost was reduced upto 3$/Hr when 

comparing to PSO. 

A. Cost Curve For The Economic Load Dispatch Using 

QPSO 

 
Fig. 6: Cost curve for the ELD using QPSO 

For the Xaxis there the no of iterations totally taken.Here the 

iterations totally taken are 500.In Y axis the fuel cost of the 

thermal generator. 

B. Advantages of QPSO 

1) The speed of the algorithm can be controlled by the 

parameter β 

2) Fast convergence 

Thus the paper provides the feasible solution for the 

economic load dispatch problem.In future work the 

performance of the thermal generator units can be 

implemented into the six to fifteen units so this optimization 

technique can be implemented to the real time application 

like the mettur thrmal power station and other thermal 

power stations in tamilnadu.Hence this paper satisfies the 

demand with the lowest fuel cost of the generator. 
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