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Abstract : This paper describe about the optimization of economic loading dispatch (ELD) problem. Economic
loading dispatch is one of the important optimization tasks which provide economic condition for a power
system. The ELD problems have non-smooth objective function with equality and inequality constraints. This
paper presents particle swarm optimization (PSO) method for solving the economic dispatch(ED) problem in
power system. The particle swarm optimization is an efficient and reliable evolutionary computational
technique, which is used to solve economic load dispatch with line power flows. This paper describes, a new
PSO framework used to deal with the equality and inequality constraints in ELD problem. The proposed PSO
can always provide satisfying results within a realistic computation time. The PSO is applied with non-smooth
cost function. The six thermal units, 26 buses and 46 transmission lines system is used in this paper. The
proposed PSO method results are compared with the genetic algorithm (GA) and conventional method to show
the effectiveness of PSO method to solve the ELD problems in power system.

Keywords- Economic load dispatch, generating unit, genetic algorithm, power system, loss minimization,
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l. INTRODUCTION

The electric utility systems are interconnected in such a way to achieve the benefits of minimum
production cost, maximum reliability and better operating conditions. The economic load dispatch is to
minimize the total operating cost of generating units while satisfying system equality and inequality constraints.
The economic load dispatch (ELD) is most of power system optimization problem which have complex and
non-linear characteristics with heavy equality and inequality. An Economic loading dispatch means
minimization of fuel cost of generating unit under some constraints and also reduced transmission losses [1].
The main objective of the optimization problem is to reduce the total generation cost of units while satisfying
constraints [3]-[5]. To solve these problems, various salient mathematical approaches have been suggested in
the past decades and the multi-objective optimization of power plant such as reduction of fuel cost, heat loss
rate, minimize the transmission losses and minimization of pollutant emissions [5]-[7].

The mathematical approaches also include non-linear programming, linear programming [8], Newton
based technique [1], Base point and participation method, lambda iteration method [7], gradient method [4]. In
this technique the required essential assumption is that the incremental cost curves of the units are
monotonically increasing piece wise-linear function but these methods are infeasible because of its non-linear
characteristics in practical system [4]-[7].

There are some powerful solution schemes to obtain global optimum solution or to solve ELD problem
in power system optimization problems which are Evolutionary technique such as Genetic algorithms (GA),
Acrtificial Neural Network (ANN), Tabu search, Simulated annealing and Particle swarm optimization (PSO). In
the past decade, Genetic Algorithm (GA) has been successfully used to solve power optimization problem such
as feeder reconfiguration and capacitor placement in a distribution system [4] & [7].

For solving continuous non-linear optimization problems, the PSO technique is robust; generate high
quality solutions within shorter computational time [4] & [8]. The Genetic algorithm (GA), Evolutionary
programming (EP), Artificial Neural Network (ANN) require high computational time and enhanced
computational efficiency [9]. The PSO is also easy to implement, flexible mechanism to obtain global optimum
solution, sensitive to turning of its parameters, improve the solution quality rapidly and simple in concept [8] &
[10]-[11]. The PSO is employed for complex optimization problem [12]. The PSO method gives the result for
lower generation cost compared with other hierarchical methods and provides better solution than others [5].
The PSO is also fast convergence technique. This method considers the maximum and minimum value of each
generator limits and line flow. This paper presents the application of PSO method for optimization of Economic
Load Dispatch problem of six interconnected generating units and the results are compared with the GA method
and conventional method. The results show the superiority of PSO as compared to the Genetic Algorithm and
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conventional method. The ELD problem is represented as a non-smooth optimize problem and to solve these
problem various salient method have been proposed.

1. PARTICLE SWARM OPTIMIZATION TECHNIQUE

Particle swarm optimization (PSO) algorithm was developed by Kennedy and Eberhart in 1995, which
is a kind of heuristic global optimization technique [1]-[2]. The PSO method is also applied to various fields of
the power system optimization such as reactive power and voltage control, stabilizer design and dynamic
security border identification. In practice, an ELD problem is more difficult to obtain optimize problem solution.
Particle swarm optimization (PSO) is population based stochastic optimization technique and based on the
behaviour of birds flocking or fish schooling (called particle or agent) of a swarm [10]. The study of PSO is
performed in two dimensional spaces with the simulation of birds flocking or fish schooling and each bird or
fish positions is called agent or particle which is represented in the X-Y coordinates by a point.

The current position of the agent or particle is called pbest value and the pbest value is not in the
group of birds. There is some another value which is known as gbest value. The gbest value is defined as the
value of the agent or position of the agent in a whole group among pbest of all agents.

Using the concept of velocity, each agent tries to modify its position which is given as:

vit= wvk+E rand; x(pbest; — cf) +E,rand, x (gbest, — cF)............ 1)
Where,
v{-‘“ —

vk =velocity of agent i at iteration k
w = weighting function
ck = current position of agent i at iteration k
E, and E, = weighting Factors
rand,, rand, = random number functions Between 0.0 to 1.0
pbest; = personal best of agent i
gbest; =best value of agent i within whole group

The weighting function is defined as which is used in equation (1):

w —Wmi .
W= Wpgy — (M) iter ... ...(2)
iter max

velocity of agent i at iteration k

Where,
Wmin =final Weight
Wmaxe =iNitial Weight
iter ., =maximum Iteration Number
iter =current iteration number
The current position (in the swarm) can be modified by the following equation:
cl=ck+vktt L ()
By the equation (1), we can find the gbest model. The inertia weight approach (IWA) is defined using
equation (2) in (1). Fig.1 shows the concept of modification of a search point by a PSO.

N

Fig.1 Concept of modification of a searching point by PSO

The value of parameters in equations (1) and (2) are selected as given in Table 1.
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TABLE 1
PARAMETER VALUES
E,=E, Winax Wnin
2.0 0.9 0.4

1. PROBLEM FORMULATION
3.1 Obijective Function Formulation
The main objective of economic load dispatch is that of the minimization of total fuel cost for each
generating unit and also reduced the transmission losses with increased each generating unit output also with
load demand of power system while satisfying various constraints. The objective function of ELD problem is
defined as:

g
MinC, = Z C; (P)
i=1

:2?51 a; + BP, + P} ...(4)
Where,
C;(P;) =: Generation cost function
a;, B;,v: = Cost coefficient of the i*"generator
n, =The total number of dispatchable generating plants
P; = The Generation of the i*" Plant

3.2 Constraints Formulation
The power balance and generator operation are the two important constraints while optimizing the
economic load dispatch of interconnected generator units. These constraints are as given below:

(i) Power balance
YO P =Py+P (i=1,..n)...... (5

(ii) Generator operation constraints
Pt < P < P (i =1,..1n)... (6)
Where
P pmax= are the minimum and maximum output power generation of unit i.
The total transmission network losses is a function of unit power output that can be represented using
B-coefficient. The simplest quadratic form of transmission network power losses is

n n
PL =Zijlzjil PlBl]P] ................. (7)
A more general formula containing a linear term and a constant term, referred to as Kron’s loss formula, is
n n n
PL = Zijl Z}il PlBl]P; +Zi£1 BOiPi +BOO ......................................... (8)
V. PROPOSED ALGORITHM OF PSO FOR SOLVING ELD PROBLEM

In this paper a new approach to implement the PSO algorithm for solving the economic load dispatch
problem is used. The following steps are used while solving the ELD problem by using PSO techniques.
Step 1: Initialize the group (swarm size, initial velocity, particle position).
Step 2: Set the value for iteration count
Step 3: Check for fitness value of each particle
Step 4: If step 3 is satisfactory then update pbest and gbest
Step 5: Update position and velocity using equations (3) and (1)
Step 6: Go to step 3 until satisfying stopping criteria and go to step 7 when stopping criteria is satisfied.
Step 7: Print the final results.
The result of the PSO method is compared with GA method and conventional method. The MATLAB
7.10.0(R2010a) language is used for simulation and executed on an Intel CORE i3 laptop with 4 GB RAM. The
flow chart of proposed PSO algorithm for solving ELD problem is shown in Fig. 2.
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Set for the initial conditions like swarm size, particle
velocity, initial velocity

~ &

Evaluate for particles by fitness value

If fitness value
satisfactory

Find pbest and gbest

lf v

Update personal best and global best

1

Update Position and velocity using Eg. 7 and
5 respectively& check for modifying
velocity and position

If find solution

Fig. 2. Flow Chart of Proposed Algorithm for ELD Optimization using PSO

V. SIMULATION RESULTS AND DISCUSSION
The six unit test system consisting of six thermal units, 26 buses, and 46 transmission lines is used for
simulation of proposed problem of economic load dispatch. This system is simulated for 50 iterations. The
characteristics of the six thermal units are given in Table 2.
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TABLE 2
GENERATING UNIT CAPACITY AND COEEFICIENTS
Unit | ppin | pmar | g9y | pus/Mw) | yi(s/Mw?)

1 100 500 240 7.0 0.0070

2 50 200 200 10.0 0.0095

3 80 300 220 8.5 0.0090

4 50 150 200 11.0 0.0090

5 50 200 220 105 0.0080

6 50 120 190 12.0 0.0075

The equations used in simulation for fuel cost (Rs /hr) of six generating units are given below:
Fy; = 0.0070P% +7.0P, + 240
F1,=0.0095P3 + 10.0P, + 200
Fy3 = 0.0090 P + 8.5P; + 220
Fq4 = 0.0090 P3 + 11.0P, + 200
F15=0.0080P%+10.5P5 + 220
Fi6 = 0.0075P%+12.0P4+ 190

The best solution of economic load dispatch optimization of 6 interconnected unit systems is given in
Table 3. The results of GA method and conventional method presented in [4] are also given in Table 3. The
results of genetic algorithm and conventional methods are used to compare the performance of proposed
method. The simulation results of relation between nos. of iterations and fuel cost (Rs /hr) using MATLAB is
shown in Fig. 3.

TABLE 3
BEST SOLUTION OF PROPOSED PSO METHOD AND GA*, CONVENTIONAL* METHODS
Unit Power PSO Method GA Method Conventional Method
Output
P1(MW) 499.9170 444.64 474.1196
P2(MW) 199.5562 160.13 173.7886
P3(MW) 299.950 278.31 190.9515
P4(MW) 162.5222 140.55 150.0000
P5(MW) 199.8994 199.58 196.7196
P6(MW) 119.9644 107.74 103.5772
Total power 1561.8092 1331.35 1325.61
output(MW)
Total Generation 1.5269e+004 1.6198e+004 16760.73
Cost (Rs. /hr.)

*Source [4].
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Fig. 3 Relation between Nos. of Iteration and Cost in Rs/ hr
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In this paper, a new approach to solve economic load dispatch problem using PSO method is used. The
PSO algorithm provides an optimal solution with less computational time and reasonable number of iterations.
The results presented in Table 3 shows that PSO has provided modified results as compared to genetic algorithm
and other conventional numerical methods. The PSO technique improves the computational time and
convergence. This PSO algorithm is also used to find the optimum solution for the multi-objective problems.

The PSO algorithm gives specified load demand with minimum fuel cost and increased power output
for each unit. Therefore, in future the PSO algorithm will be most important and efficient technique to solve the
large optimization problems with lower transmission losses because the PSO algorithm is simpler in structure
than other methods.

VI. CONCLUSION

In this paper, the economic load dispatch optimization problem is solved using PSO algorithm
successfully. The PSO algorithm is simple in concept, higher solution quality and lower computational time.
From the results, we conclude that the PSO algorithm or method is capable to obtain higher quality solution with
better convergence property and higher computational efficiency. The PSO algorithm is also used to solve
multi-objective optimization problems. The PSO algorithm solves the optimization problems effectively as
compared to the genetic algorithm method and conventional methods. The PSO technique is based on
experimental trials for searching the particles in the solution space.
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