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ABSTRACT

Economic dispatch is the determination of optimal output of each generating units in a power system network
to satisfy the system demand, with minimum production cost, subject to transmission and operational constraints.
Normally, power stations are located at far distances from the load side and the distance between all generating
stations and load side will vary due to availability of resources. Similarly, fuel cost functions for all generating
stations will differ. Therefore to provide low tariff power, load has to be shared among the available power stations
in a way which results in lowest cost for generation. This paper focus on economic dispatch problem and optimal
solutions were obtained for the three unit system and six unit systems by using PSO, G.A, Q PSO algorithms with
neglecting the losses. In general, optimization technique is often evolving to provide accurate and quicker results.
Finally, the obtained results are compared by having system constraints and better results were obtained with the
help of QPSO algorithm.

KEY WORDS: Optimal power flow (OPF), Economic load dispatch (ELD), Genetic Algorithm (G.A), particle
swarm optimization (PSO), Quantum behaved particle swarm optimization (QPSO).

1. INTRODUCTION

Nowadays in power system, the power generation to meet out the demand is the major problem. Thermal
power plant is providing the major power to the load. At present the Tamil Nadu has the present demand as 91,642
million units in the year 2015-2016 as per Tamil Nadu Electricity Board (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.
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Figure.l. Sources of Electricity in India by Installed capacity

Thermal energy consumes more fuel cost. So this paper deals with the thermal power plant fuel cost functions
and the economic dispatch problem. Here, transmission line losses are neglected and optimal solutions were obtained
by having different combinations of generating units.
Economic Load Dispatch: Economic load dispatch is the problem depends upon the fuel cost. The thermal unit
generator fuel cost is high when compared with other generator cost. So it is necessary to include the thermal power
plant in the economic load dispatch. The main objective is to serve demand at minimum cost. The various cost
comparison of different power plants are being listed below.
Economic Load Dispatch Problem:
Objective functions: The objective of the Economic load dispatch problem is to reduce the fuel cost by considering
operating constraints. The fuel cost function can be represented as, minF; = Y\, F;(P) (1)

Where, Fi (P)) is the cost function of the generator, P; is the output power of the i generator unit.

The non-linear function of the economic load dispatch problem was, F;(P,) = a;PZ + b;P, + ¢; (2)

Here a;, b, c; are the cost co-efficient of the generating units.
Constraints: Power balance constraints: Power Generation = Power Demand + Losses

It is expressed as, YN, P, =P34 +P,  (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.

P4 System demand, P1 System load

Generator limits: P™I" < P, < PM3 (i=1,...... N) (4)

P Minimum power generated by the ith unit

P™3 Maximum power generated by the ith unit

Here as per the equation.4, the load must be satisfied with the power generation. So only the paper proceeds
with the ELD problem by using the optimization techniques to reduce the fuel cost. The optimization techniques are
discussed below before get into solving the problems.
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Genetic Algorithm: The Genetic Algorithm (GA) is a stochastic global search method that mimics the symbol of
natural biological evolution such as selection, crossover, and mutation. GA’s work on string structures where string
is binary digits which signifies a coding of control parameters for a given problem. All parameters of the given
problem are coded with strings of bits. Here, the individual bit is referred as ‘gene’ and the content of the each gene
is named as “allele’. Classically, the genetic algorithm consists of three phases’ initialization, evaluation and genetic
operation (Fig.2). In GA, the fitness function for the maximization problem is f(x) F(X)
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Figure.2. Genetic Algorithm — step by step process
Stepl: Create a Random Initial State
Step2: Evaluate Fitness
Step3: Reproduce
Step4: Next Generation
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 optimal solution from the
problem by selecting the particles and moving them into the search space. Eberhart and 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 particle 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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Flgure.3. PSO technique
Swarm: A set of particles
Particle: A Potential solution or a member of a swarm
Position:
Xi = (Xi1, Xiz, -, Xin) €R” (5)
Velocity:
Vi = (Viy, Viz, -, Vin) € R” (6)
Each Particle maintains its previous best position
Individual best position:

P, = (P4,Py, ..., Bp) ER”
Pbest = f(R,) (7)
Swarm global position:

P, € R
gbest = f(Py) (8)
Original velocity updating equation
VI = Vi + 0115 (B — X[) + 0,.12(Py — X))

Vi inertia
@,.r1 (P, — X}) Cognitive component
@,.r,(Py — X{) Social component
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Figure.4. Process flow diagram of PSO
The flow chart (Fig.4), 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 were described as
the position.
Quantum behaved particle swarm optimization: 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 m best value (fig.5).
Each particle converges to its local attractor. It means the best of its own particle.
P = (P, P, -, Pin)
Pi,j = (D.pbesti’]- + (1 - (Z)).gbesti']- (9)
®=1(01)
@ Acceleration factor
P local attractor

y

X
Figure.5. 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 evaluation 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 + B * |mbest — x(t)| * In(!/y) ifk > 0.5
x(t+ 1) = p — B * [mbest — x(t)| * In(!/y) if k < 0.5 (10)
B 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).
M best is the mean best position of the position which is calculated by;
Mbestj(t) = 1/ ZN, Pbest;; (1) (11)
N = number of particles
P = local attractor
t is the total time taken
Each particle i has two vectors
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Pseudo 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
Initialize the parameter of
OPsSO

Logicallhy fix the output
power to the M units
|

-

| Iteration lter=0 |

!

| Update the pbhbest. gbest |

il

Renew the position wvectors
of the particle

il

Iteration iter=iter+1 |

rMbest of the QPSSO is
the solution of ELD

Figure.6. Flow Chart of QPSO

This optimization technique provides the low fuel cost for the Thermal generator comparing the results with
PSO.

Based on this flowchart only the particles are 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 fitness value was not obtained.

Problem Formulation for Three Generator Units: In G.A, 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.

Let us consider, three generators are having different characteristics and their fuel cost function
characteristics are given by the following equations;

F; = 0.00156P7 + 7.92P; + 561$/Hr
F, = 0.00194P} + 7.85P, + 310$/Hr
F; = 0.00482P% + 7.97P; + 78$/Hr

The operating limits of minimum and maximum power also different. The unit operating ranges for the power

generation for i units are given below;
100 MW<P:<600 MW
100 MW<P,<400 MW
50 MW<P3<200 MW

The generator demand is set to the four variations. From the above table the results of Economic Load
Dispatch problem were obtained using Genetic Algorithm.
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Table.1l. Output for three generator units (G. A)
Demand | P1 P2 P3 Cost (Rs/Hr)
450 205.307 | 183.345 | 61.346 | 4656.42
700 322,721 | 277.881 | 99.396 | 6843.62
800 369.687 | 315.696 | 114.616 | 7740.77
850 393.169 | 334.603 | 122.226 | 8196.35

Table.2. Output for Three Generator Units (PSO)
Demand | P1 P2 P3 Cost (Rs/HI)
450 203.125 | 177.240 | 69.635 | 4654.18
700 324.457 | 278.960 | 96.583 | 6840.61
800 372.453 | 312.258 | 115.289 | 7739.23
850 381.917 | 327.841 | 140.242 | 8195.79

Table.3. Output for Three Generator Units (QPSO)
Demand | P1 P2 P3 Cost (Rs/Hr)
450 205.307 | 183.345 | 61.346 | 4653.42
700 322.721 | 277.881 | 99.396 | 6840.62
800 369.687 | 315.696 | 114.616 | 7737.77
850 393.169 | 334.603 | 122.226 | 8194.35
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Problem formulation for six generation units: In G.A, 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. Consider three generating units, which are having different characteristics and their fuel cost
function characteristics are given by the following equations;
F, = 0.002035P2 + 7.43P, + 85.63$/Hr
F, = 0.003866P% + 6.41P, + 303.77$/Hr
F; = 0.002182P% + 7.42P; + 847.14$/Hr
F, = 0.001345P7 + 8.30P;, + 274.22$/Hr
F, = 0.002182P} + 7.42P, + 847.14$/Hr
F; = 0.005963P% + 6.91P; + 202.02$/Hr

The operating limits of minimum and maximum power also different. The unit operating ranges for the power
generation for i units are given below;
100 MW<P:<600 MW
100 MW<P,<400 MW
0 MW<P3<200 MW

Table.4. Output for Six Generator Units (QPSO)

Demand (MW) | P1 P2 P3 P4 P5 P6 Cost Rs/Hr
1500 156.82 | 320.37 | 321.93 | 236.25 | 312.93 | 151.70 | 14772.6
1800 233.24 | 297.88 | 414.43 | 264.63 | 374.63 | 215.19 | 17493.1
2000 245.82 | 319.20 |420.95 | 411.46 | 386.97 | 215.60 | 19338.1
Table.5. Output for Six Generator Units (QPSO)
Demand (MW) | P1 P2 P3 P4 P5 P6 Cost Rs/Hr
1500 156.82 | 320.37 | 321.93 | 236.25 | 312.93 | 151.70 | 14772.6
1800 233.24 | 297.88 | 414.43 | 264.63 | 374.63 | 215.19 | 17493.1
2000 245.82 | 319.20 | 420.95 | 411.46 | 386.97 | 215.60 | 19338.1
Table.6. Output for Six Generator Units (QPSO)
Demand (MW) | P1 P2 P3 P4 P5 P6 Cost Rs/Hr
1500 154.74 | 325.57 | 319.03 | 230.51 | 302.18 | 167.94 | 14761.39
1800 236.09 | 299.52 | 410.92 | 267.63 | 369.90 | 215.92 | 17488.06
2000 24741 | 311.05 | 427.28 | 415.03 | 378.87 | 220.23 | 19329.53

The generator demand is set to the six variations. From the above table the solutions for Economic Load
dispatch problem were obtained using G.A, PSO, and QPSO Algorithms.

The Optimum solution was obtained from the Quantum Behaved Particle Swarm (QPSO) search algorithm.
When comparing with the PSO and G.A technique. So finally the results obtained for the three and six thermal unit
generators. The fuel cost was reduced up to 3$/Hr and 6$/Hr when comparing to G.A and PSO.
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FINDING OPTIMAL FUEL COST USING QPSO FOR 3 GEN. PROBLEM
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Figure.7. Cost curve for the ELD using QPSO (3units)
For the X axis there the no of iterations totally taken. Here the iterations totally taken are 500. In Y axis the
fuel cost of the thermal generator.
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Figure.8. Cost curve for the ELD using QPSO (6units)
Advantages of QPSO: The speed of the algorithm can be controlled by the parameter 8 and Fast convergence.

2. CONCLUSION

Thus the paper provides the feasible solution for the economic load dispatch problem. In future work the
algorithm was implemented to increase the performance of the thermal generator units into six to fifteen units. So this
optimization technique can be implemented to the real time application like the Mettur thermal power station and
other thermal power stations in Tamil Nadu. Hence this paper satisfies the demand with the lowest fuel cost of the
generator.
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