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Abstract: This paper presents an efficient and reliable algorithm to solve the optimal generation dispatch problem in a robust, flexible and fast way, and which retains the same performances for either a small or a large-scale problem. This algorithm is based on the use of augmented Lagrangian. In order to verify the effectiveness and the performances of the proposed algorithm, it was tested on an electrical power system composed by five power plants linked to an electrical transmission network. The test results show that the optimal solution is obtained with moderate calculation effort and the convergence was very fast and without oscillations. Moreover, the adjustment of the parameters of the method is easy.
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1. Introduction
The objective of the optimal generation dispatch is the minimization of total cost function whereby the outputs of controlled plants are determined to minimize the total operating cost for a given load of the system, taking into account the transmission losses. It is important to recognize the very high level of fuel cost: this high cost is the motivation for attaining considerable accuracy in the economic optimal generation dispatch. Even a small percentage change in accuracy in an optimal dispatch may result in a considerable saving in fuel cost. 

The optimal generation dispatch of such a system is a problem of great complexity due to its dimension and to the diversity in the process of production. The methods and the current means of calculation, do not allow getting a general solution [1] for this problem. In this present study, we propose an algorithm for the solution of the economic optimal generation dispatch problem of a system composed only by thermal power plants. 
The factors influencing power generation at minimum cost are operating efficiencies of generators, fuel cost, and transmission losses. The most efficient generator in the system does not guarantee a minimum cost as it may be located in an area where fuel cost is high. Besides, if the plant is located far away from the load center, transmission losses may be considerably higher and hence the plant may be overly uneconomical.

 To solve this problem we have proposed to use the augmented Lagrangian method [1-6]. This method is a useful one among the non linear programming methods [5]. This method is considered as a combination of two methods: penalty function method and local duality method (multiplier of Lagrange). The two methods work together in a way to moderate the disadvantages associated with one or the other method alone. It allows the transformation of a constrained problem into an unconstrained problem and which does not include any additional variable [2, 5].

The augmented Lagrangian method has several advantages; Easy programming for a given problem, give a great flexibility in changing the structure of a complex problem with a more favorable problem and include the detailed representations which are not possible with other techniques.  

2. Problem formulation

The economic optimal generation dispatch problem is to select the power to be produced by each plant of the system so that the overall generating cost is minimal, the total electric power demands plus losses are satisfied and all others operating constraints of the system are satisfied too, i.e., the production of each power plant must remain within their output capacity limits. The mathematical model adapted to the optimal generation dispatch problem can be formulated as follows [6-12]:

2-1. Objective function:
The primary objective of the economic generation dispatch is to minimize the overall generating cost of the considered system. on mathematics way it is written as follows:
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plant is expressed as the function of its active power output given as:
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 : A number of operating power plants which compose the system.

2-2. Operational constraints:
The objective must be reached with satisfying all the following operating constraints:

 Balance consumption production:
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Where: 
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The inequality constraints imposed on power plants output are:
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3. Solution method
The model of the economic optimal generation dispatch problem of a power system composed by only the thermal power plants can be represented in mathematical term by:
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Subject to equality constraint:

                      
[image: image29.wmf]1

n

iDL

i

PPP

=

=+

å

                (2)

And to inequality constraints:
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The problem represented by the system of equation (1)-(3) can be solved by applying the augmented Lagrangian method. The procedure  consist to transform the optimization problem  with constraints (1)-(3) to a problem of optimization without constraints by associating the constraints (2)-(3) with the objective function (1) using the terms of penalization 
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 [2-5]. The problem (1)-(3) becomes then:
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Where 
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The term of penalization 
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 which takes into account the equalities constraints (2) is given by using the following expression:
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Where:
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: Penalty weight. 
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 : Lagrange multipliers, updated as follows:
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The term of penalization 
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 which takes into account the right sided of the inequalities constraints (3) is given as follows:    
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: Lagrange multipliers, updated according to the following expression:
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The term of penalization 
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 which takes into account the left sided of the inequalities constraints (3) is calculated in the same way as the penalization term 
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 of each power plant is obtained when the following optimality conditions are satisfied:
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To solve the equations system (11), we have chosen to use an iterative method based on the gradient principle.

4. Application
The proposed algorithm is implemented in FORTRAN. In order to test the method presented and to show the effectiveness of the developed algorithm, we have tested it on an electrical power system composed by five power plants linked to an electrical network supply. Their characteristics are presented on table 1:

	Unit
	1
	2
	3
	4
	5
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	10,08
	12,27
	14,35
	9,81
	11,13
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	2,03
	2,56
	3,01
	3,89
	1,52
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	0,010
	0,030
	0,015
	0,020
	0,042

	
[image: image58.wmf]i

d


10-4
	510
	405
	320
	471
	871
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(MW)
	200
	150
	150
	100
	100
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(MW)
	25
	25
	25
	25
	25


Table 1: Characteristics of the installations.

Where:
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The transmission network losses are taken into account to achieve a right economic generation dispatch. To calculate the total network losses, for the purpose of clarity we limit ourselves in this paper on using the following relation:
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The total system power demand 
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 is equal to 500 MW.

5. Results and interpretation
The results obtained from the proposed algorithm are depicted in table 2 and table 3.
	r (10-3)
	6,62 
	9,54
	10,23 
	11,51 
	13,22 

	Iterations
	30
	20
	14
	6
	diverge


Table 2:  Effect of the penalty weight 
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on the convergence.

It can be observed from table 2 that the proposed algorithm needs only six iterations to attain the optimal dispatch. In addition, by varying the value of the penalty weight 
[image: image69.wmf]r

, the iteration number necessary to reach the optimal solution varies as it is indicated into the table 2. 

	
	Initial guess 1
	Initial guess 2
	Optimal values

	P1   (MW)
	90
	200
	195,74

	P2   (MW)
	120
	150
	73,74

	P3   (MW)
	140
	50
	127,12

	P4   (MW)
	65
	100
	75,28

	P5   (MW)
	85
	100
	60,94

	PL   (MW)
	24,52
	43,73
	32,81

	CT   (€/h)
	2666,56
	3438,24
	2468,46


Table 3: optimal values of the generations and the total operating cost.

It can be observed also from table 3 that whatever the assigned initial estimation feasible or not, the optimal generation values of each power plant and the total generation cost are reached with a very small number of iterations. Indeed, the choice of different initial estimation has no effects on the convergence process, i.e., neither on the iteration number nor on the optimal generation values, as it is shown on the fig.2 and table 3.

From those results we can state that the iteration number does not depend on the initial estimation but it depends strongly on the adjustment of the penalty weight value 
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.This number may be reduced by adjusting adequately the value of 
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 as it is shown on the table 1. But the choice of a big value of 
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 can leads to divergence as for the case where 
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 equal to 13.22 10-3.  The number of iterations can be reduced once more by updating the step size of the gradient method and by increasing penalty weight 
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that will lead to a rapid escape from the violated zone.

The search process for the optimum of the different adjustments of the value of 
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is shown on the figure 1 and for different initial guess is shown on the figure 2.
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Fig.1: Optimal discharge trajectories.
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Fig. 2: Influence of the initial estimate on convergence (case where 
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= 10, 23 10-3).

The convergence was achieved after six iterations (where 
[image: image79.wmf]r

equal to 11.51 10-3) without oscillations as it is shown in fig. 1 and 2, and with all constraints being satisfied. This iteration number is the minimum that we can obtain without divergence.

The behavior of the objective function during the optimization process is illustrated in fig.2 and 3. We note that the search for optimum is very slow when we approach the solution; this is due to the gradient method it self.

6. Conclusion
The use of augmented Lagrangian method for the solution of the optimal generation dispatch problem of electrical power system was very efficient. In fact, the optimal solution is obtained after a very moderate number of iterations with all constraints being satisfied. In addition, neither the iteration number nor the convergence is affected by the initial estimated generation.

An appropriate adjustment of the factor value 
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 allows the control of the optimum process speed.
More improvements can be made to the proposed algorithm in order to increase the convergence speed and its execution time by using an optimal step size 
[image: image81.wmf]a

  rather than a fixed one and by adjusting adequately the penalty weight factor which will lead to a rapid escape from the violated zone.

With the augmented Lagrangian method the search of the optimum is reliable, fast and requires moderate storage for its execution. The method may be applied with the same efficiency to large dimensions problems. The proposed algorithm requires moderate time and storage for its execution therefore it can be applied efficiently to larger systems.
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