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Abstract: Fuel cost and the level of satisfaction of demand is the important factor in electricity power system. Today power
dispatching includes the generation, monitoring of load, interchanging and transmission to provide balance in load supply and
losses. Economic load dispatch is the scheduling of power generators with respect to the load to minimize the total cost of
transmission and operational costs of generating units within the constraints. The main objective of the ELD is to assign the
total transmission loss and total load demand among power units while satisfying the operational constraints simultaneously. In
this paper, Tabu Search Algorithm is used to solve Economic Dispatch load (ELD) problem. The efficiency of the proposed
method is compared with other traditional techniques. Result proves that the proposed algorithm provides the precise solutions
with fast convergence time; it also shows the potential to be practiced with other electric power system problems.
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I. INTRODUCTION

The economical and effective operation of electric power generation system always occupies an major occupation in power
industry. With increase in demand, electric power grids and energy crises across the world, the prices of fuel also rise
continuously. Economic dispatch is the significant constituent of electric power systems. The economic load dispatch is the
optimization problem in order to search the optimum economic schedule of the generation plants while satisfying the
inequality and equality constraints in order to meet the load demands. The ELD problem mainly deals with two problems i.e
first is pre dispatching and other is online dispatch of units to meet the dynamic requirements of power system in order to
minimize the cost of system. The problem is evaluated as the reducing of cost of fuel in power system with satisfied
operational constraints. In order to solve ELD problem many conventional techniques like dynamic programming, non-linear
programming, gradient method, lambda iteration method and linear programming were used in past. In this paper, tabu search
algorithm is proposed to solve the ELD problem. In addition, the proposed algorithm is utilized to verify the efficiency.

Il. LITERATURE SURVEY

L.H. Wua, Y.N. Wanga, X.F. Yuana, S.W. Zhoub [1] represent the EED problem as a nonlinear constrained multi objective
problem with objectives of fuel cost, emission and system loss. The future MODE approach adopts an external elitist archive
to retain non-dominated a multi-objective differential evolution (MODE) algorithm for environmental/economic power
dispatch (EED) problem.

Liang. [2] proposed a dynamic programming (DP) technique used to solve economic dispatch including transmission losses.
But these classical methods are totally based on assumption values and do not follow converging solution for inappropriate
values selected.

Hong-Tzer Yang Member, IEEE Pai-Chum Yang Ching-Lien Huang Member, IEEE [3] develops an algorithm based on
evolutionary programming for general economic dispatch (ED) algorithm for units with non-smooth fuel cost functions.

Tarek, Linda S [5] presents a simple genetic algorithm solution to solve optimal power flow problem of large distribution
systems. The aim is to minimize the fuel cost and keep the power outputs of generators, bus voltages, shunt capacitors/reactors
and transformers tap-setting in their secure limits.

Palanichamy and Shrikrishna K., [10] discussed Simple algorithm for economic power dispatch for optimizing the problem
while satisfying a set of system operating on strains, including constraints dictated by the electric network
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Dhillon J.S., Parti S.C. and Kothari [12] formulated the problem as multi objective one. They considered objectives such as
operating cost, minimal emission and minimum transmission losses in thermal power dispatch systems, considering
uncertainties and inaccuracies in system data.

Happ [13] reviewed the progress of optimal dispatch, also called economic load dispatch since its inception to the present in
chronological sequence. The classic single area as well as multi area cased is summarized, and the important theoretical work
in optimal load flows suggested to date reviewed.

Chen Po- Hung & chan hong [8] this paper proposed a genetic approach for solving the economic dispatch problem in large
scale system. A new coding technique for solving the ELD solution is developed in this paper. It is faster than lambda iteration
method.

Bouzeboudja Hamid, Chaker Abdelkader and Alali Ahmed [15] proposed about the economic load dispatch using the real
coded genetic algorithm (RCGA).

Ongsakul W. [16] proposed a genetic algorithm based on merit order loading solution to solve dynamic economic dispatch
problem for combined cycle units with linear decreasing & decreasing incremental cost function with different migration
strategies, the proposed method compromises the solution quality and speed up upper bounds for the best performance.

Zhang Zhisheng [17] state that Quantum-behaved particle swarm optimization algorithm is firstly used in economic load
dispatch of power system and is the integration of particle swarm optimization algorithm and quantum computing theory.

111. ELD PROBLEM FORMULATION

The ELD problem assume as an complex optimization problem of electric power systems for the minimization of the total
fuel rate of all generating units so as to meet the load demand while honoring the equality, inequality and other constraints.
Economic dispatch reduces fuel cost and emissions as high-efficiency units frequently expel lower efficiency units using the
same or similar fuel. Economic dispatch needs a well maintained balance among economic factors like reliability, efficiency,
and some other factors including capacity of a given generating unit to change output at short notice, and scheduling
limitations imposed by hydrological conditions, fuel properties and environmental laws. It means that the economic dispatch is
known as cost depreciation process. The economic load dispatch problem includes a fuel cost function bounded with fuel cost
equation and power balance constraints. This problem is expressed as follows:

a) Generator Fuel Cost Function: The factor of the rate which is considered in dispatching procedure section is the amount
of the burning fuel in the fossil unit because nuclear thermal unit intent to be conducted at consistent output. The total cost of
process combines the rates of labour, fuel rate, material and repairs. Generally, Fuel rates incomings includes the fix
percentages of material, labour costs and repairs maintenance.

Simple power plants can be modeled as a transfer function of energy conversion from fossil fuel to electricity as described in
Fig 1.1

Boiler Turbine

Fuel Input T
_

Fig. 1. Simple model of fossil plant
Minimize the generator fuel cost function,
F)=EL F(F)
Where F; is fuel cost of each generator and Fy; s the power generation output.
Fuel cost of operation of a generator is stated by a quadratic polynomial of power output F; as:
F(Py) =El (@ Py + bPy + )=
Where, F; (F;) is the fuel rate expressed in Rupees per hour ($/hr),
Fy; is the power generated (MW) ,
a;,b; ,c;are the fuel price coefficients of i unit.
i™® Unit fuel price coefficients are a; ,b; ,c;.
n is number of generating plants.

b) System Constraints: It has two types.
i. Equality Constraint
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ii. Inequality Constraint

Equality constraints
Power balance equation: The total generating power is equal to the transmission lines power loss B plus the total
demand By . Hence, equality equation should be expressed as:

LB =B + B MW

Inequality constraints:

Generating unit capacity: Generated power output of individual generating unit is limited by minimum and maximum
generation boundaries based on the output values and operational limits is needed to obtain the stable operation of electric
power systems, as follows:

PF™ =B, = BP™, forgi=1,2...n

c) Problem Statement
Aggregating the inequality and equality constraints, and objective function, the problem is evaluated mathematically as a non
linear emission and objective optimization problem as follows:

Minimize C [ Fg )]
Subject to  95:(Fz ) =0
Bt (B ) <0

Where, gg: = equality constraint which describes power balance constraint.
hg; = inequality constraint which describes generating unit capacity.

Fgi is the vector of state and control variables. The control variables include reactive power output and generator active, bus
voltages while state variables includes load bus angles and voltage.

IV. PROPOSED METHOD
Tabu Search (TS)
Tabu search is a metaheuristic local search. The algorithm is fashioned by Fred W. Clove in 1986. The algorithm is based on
the neighborhood definitions and actions converting a solution to its neighboring solutions. This technique begins with single
solution approach and finds superior results by employing actions and by moving among neighbor solutions. By using rule set,
the actions like availability, applicability and acceptance are handled.
The most significant fact of the tabu search algorithm is that when action is executed, it would not be accessible, until a certain
amount of other actions performed. It is an iterative search approach. In tabu search 3 types of strategies are used: forbidding,
freeing and short term. The forbidding strategy checks the entries of tabu search. The freeing strategy chooses the exits for the
tabu list and also decides when the exit will happen. The short term strategy maintains the interaction between freeing and
forbidding strategies to produce and choose the trial solutions. When a tabu move has a sufficiently attractive evaluation
where it would result in a solution better than any visited so far, then its tabu classification may be overridden. Aspiration
criterion is a condition that occurs when an override is allowed.

1. Step 1: initialization: choose i i.e. initial solution from S. Set K=0 and i *=i

2. Step 2: set K= K+1 and create a V* (subset) of N (i, K) solution in order to violate one tabu condition or to hold at least
one aspiration condition.
Step 3: choose the best solution j in V* and set the solution i=j.
Step 4: check if f (i) < f (i*) and then set solution i* = i.
Step 5: Update tabu list and aspiration criterion.
Step 6: Stop: Stop the algorithm if stopping criteria is met otherwise go to step 2.

o0 hw

Tabu Search Stopping Conditions
Tabu search stopping conditions are given below:
a. N (i, K+1) = 0. Which means there is no feasible solution is present in solution j neighborhood?
b. Kis larger than the maximum no. of allowed iterations.
c. Theno. of iterations since the last improvement of i* is larger than a specified number.
d. Evidence can be given than an optimum solution has been obtained.

V. RESULTS AND DISCUSSION
In MATLAB R12, the IEEE 57 bus power system consisting 7 generator buses, 78 branches and 42 load
buses is tested. The cost of fuel is expressed in $/hr as shown below:
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F (Fgis)
Fy (Fgiz)
Fy (Fgia)
Fe (Fgie)
Fg (Fgie)
F3(Fgis)

= 0.0875 * Fy;y "+ 25 *
=0.0125 * Fy;; “+50 *
= 0.2450 * Fyiz “+ 25 *
=0.0110 * Pz “+50 *
=0.0250 * Fyiz “+ 25 *
= 0.0150 * Fyi5 “+ 50 *

Fi1+ 0.0
Fhiz+ 0.0
Fhiz+ 0.0
Fie+ 0.0
Fie+ 0.0
Faie+ 0.0

Fy 2 (Pgiz2) = 0.0750 * Fyy15 425 * P12+ 0.0

And the

0= Fu

constraints are:
370.65 MW

120 MW
160 MW
100 MW
335 MW
120 MW
425 MW
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TS Parameters values

The parameter values of tabu search include the length of tabu list, No. of neighborhood,

given below:
= Length of tabu list is considered as 10
= Neighborhood numbers are 45
= Diversification is 1
= Generation numbers are 200;

The minimum cost and active power generated are presented in Tablel:

Tablel:

Power in MW Tabu search
Fin MW 132.68

Pz MW 87.05

Pz MW 4531

Pis MW 84.456

Pie MW 492.274

Pie MW 84.05

Bz MW 330.56
Total Cost ($/hr) 40185

Time in sec 1.10

185

diversification and generation as

Time Comparison of Tabu search(TS) with Genetic algorithm (GA) and Hopfield neural network ( HNN)

Table 2. Time Comparison of tabu search with genetic algorithm GA and HNN
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Case | Fyiy Faiz Fyiz Fais Faie Fais Faina Cost | Time
study | (MW) (MW) | (MW) | (MW) (MW) (MW) | (MW) ($/hr) | (sec)
TS 263.1252 | 98.4291 | 93.2111 | 39.6523 | 532.1753 | 92.2330 | 168.6534 | 42171 | 1.18
GA 142.1232 | 76.4856 | 62.8892 | 77.0123 | 505.5125 | 70.3009 | 350.6326 | 44230 | 1.76
HNN | 210.4564 | 85.4456 | 75.9856 | 42.52363 | 510.6012 | 82.3195 | 360.6132 | 45160 | 1.82
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Fig. 2 The cost generation during iterative process

VI. CONCLUSION

In this paper, we applied the method of optimization metaheuristics tabu search approach which is successfully implemented
in order to minimize the cost of the generation plants in the power systems. It is noticed that ELD performance is enhanced as
resulting rates of generating power unit's decreases with growth in electric power generating plants and by decreasing the
transmission error loss in lines using computing methods. Tabu search is the best technique to resolve the combinatorial
issues. The proposed technique improves the quality of the solution and takes less computational time.
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