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Abstract
A simple method to optimize generation scheduliog thermal power plant using artificial neural netl is
presented. The optimal generation of generataashgved considering operational and load congtairhe B- Coefficients are
used to evaluate transmission loss in the systeém. fliel cost of each unit in a plant is computetle Effectiveness of
methodology is tested with six thermal power plartsresult of proposed method is compared with sitaé method. The
artificial neural network method is quick. Hencsrifiial neural network technique can be usedeantcal load dispatch center.

Index Terms- Neural network, BCoefficients, Fuel cost, Power loss, Real power

1. Introduction

With the large interconnection of the electric netks, the energy crisis in the world and continudss in
prices, it is very essential to reduce the runmingrges of the electric energy. In developing ceesiike India, the
cost of fuel is rapidly increasing. The main ecorofactor in power system planning, operation aadtiml is the
cost of generating real power. The size of elecfriiaver system is increasing rapidly to meet thergne
requirements. A number of power plants are condeictgarallel to supply the system load by intergeetion of
power stations. With the development of grid systémbecomes necessary to operate the plant ungt mo
economically. The economic generation schedulingblem involves two separate steps namely the unit
commitment and the on-line economic dispatch. Tumetion of the on-line economic dispatch is to ritisite the
load among the generating units actually parallelgd the system in such a manner as to minimieetdkal cost of
supplying the minute to minute requirements of $getem and satisfying load and operating constaifus,
economic load dispatch problem is the solution lafrge number of load flow problems and choosirgahe which
is optimal in the sense that it needs minimum obstlectric power generation. Accounting for trafssion losses
results in considerable operating economy. Furthere, this consideration is equally important itufe system
planning and in particular, with regard to the kbma of plants and building of new transmissiorebn

To calculate electric power generation of variongsuwith different load demands, the usual Cladsic
(Kirchmayer) method is used. These are generallyedaby iterating the value of until the some oé thenerator
outputs equals the system demand plus transmikseas. The incremental transmission losses acalasdd using
transmission loss coefficient called B co-efficieqiproach. As early as the mid 1930s economic tlibpaf real
power not considering the transmission losses ve@sghperformed. By the mid 1940’s analysis techegjwere
sufficiently developed so that transmission logsasdd be taken into account. By the mid 1950s nunalbeligital
dispatch systems was available to the industry.

Economic dispatch programs which are installedyaddahe most modern control centers uses theicklss
methods to solve a well known exact co-ordinatignations. The main difference between differenhmégues is
the method used to solve the co-ordinations equstidhe co-ordination equations are generally sblag
interactively adjusting the load until the sumloé generator output matches the system load, pytdem loss. The
transmission loss penalty factor have been impléetensing one of the several loss formulas whiehcaiculated
off-line or on-line at periodic internal and on vegt.

In recent years, Al applications have receiveddasing attention in various areas of power systumh
as operation, planning and control. A number otaesh articles appeared recently indicate applitalaf Al
techniques to power system for wider operating @mms under uncertainties. Artificial neural netke have
attracted much attention due to their computatispaled and robustness. A major advantage of tliieialtneural
network approach is that the domain knowledge s#ributed in the neurons and information processncarried
out in a parallel distributed manner. Therefordjfiaial neural network reaches the desired sohutiather
efficiently.

New graphical method for optimum power generatiéh With neglecting the mutual elements of B
coefficient matrix is discussed. The analytical Imoek to optimize generation schedule [2] neglectithg
transmission losses is discussed. Simplified amréa solution of co-ordination equation for getierascheduling
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[3] is discussed. Quick method [4] to optimize gatien scheduling is discussed. It eliminates teeative steps
and offers a good savings in computer time and cdenpnemory.

2. Problem Formulation

To determine the economic distribution of load kesw the various units consisting of a turbine, goe,
and stem supply, the variable operating costs efuhit must be expressed in terms of the powerubufphe
variation of fuel cost of each generator with agtpower output § is given by a quadratic polynomial.

F =aPZ +bP, +CRs/hr (1)

Where ais a measure of losses in the systemisithe fuel cost and; ¢s the salary and wages, interest and
depreciation. The optimal dispatches for the thémoaver plants should be such that the load demahdsline
losses, which can be written as:

N
ZPGi_PD_PL:O )

i=1

Where,
N= Total number of generating plants.
Psi= Generation ofl plant.
P.= Total system transmission loss.
Pp= System load demand

The transmission losses which occur in the linerwpewer is transferred from the generating statiotine
load centers increases in distance between theTit® transmission losses may vary from 5 to 13 %heftotal
load. If the power factor of load at each bus suased to remain constant the system lgssah be shown to be a
function of active power generation at each plasts

P|_ = (PGla sz, Pg3, .......... PGN) (3)

One of the most important, simple but approximatethnd of expressing transmission loss as a funation
generator power is through B- Coefficients as,

N N
P = z z Pai B Py (4)

where,
Pai,& Pg; are real power generation Ytand " power unit. B is loss coefficients.
The inequality constraints is given by

I:)GMin < PGi < PGMax (5)

The maximum active power generatiogyg of source is limited by thermal consideration amghimum active
power generationdi, is limited by the flame instability of a boiler.

3. Methodololgy

The objective of optimum generation schedulingtf@rmal power plants is to allocate the generation
each and every units in a plant for a given loachdtat fuel cost is minimum subjected to equal sxedjuality
constraints. Here, optimum generation schedulirgiseved by two techniques. The methods are preb@elow.

3.1 Artificial Neural Network Method

Artificial neural network based method is applied the optimum generation scheduling problem. A
multilayer feed forward neural network is select&deural network is constructed with one inputelgyne hidden
layer and one output layer. The input to the neunetl contains load demand. The output from the oiktvis
generation of each generator. In the training pecéoad demand and active power generation wisidhput-
output patterns Training set) are selected frora thase to determine the weights for the neural orétvil he well
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known back propagation algorithm and the sigmoa&hdfer function are used in the model. Once thevorét

trained, the network parameters (weights and leiasg) were kept fixed. The convergence criterialdse training

is to have a tolerance and epochs. Once the nethaskbeen trained, the accuracy of the neural mktean be
evaluated by testing the neural network with anotbet of input-output data (testing set). To speedthe

convergence, momentum and learning rate are sdlegtdected input-output patterns are normalizégdsn 0 and
1 to avoid the convergence. Since the variablgaitito and outputs from ANN have very differentgas, the use
of original data to the network will cause a comeice problem. The absolute percentage error (AREhe

generation scheduling is given below.

Load Scheduled Load caluclated
Load Scheduled

APE=

x10( (6)
The mean percentage error (MAPE) is computed by

N
MAPE = %Z APE (7)
i=1
where N = Number of loads.

3.2 Classical Method
This is an iterative and an accurate method toraete output of generator. An algorithm for obtaipi
real power generation and fuel cost are iteratigelyed on the following steps for a particulard@®emand.
1. [Initially chosex =g
2. Assume R,=0.0; i=1,2,.ccenn. N
3. Solve below equation iteratively fogB

4. Calculate power loss using

N N
P, = z jz;,l Ps By Pg

=1

P4

5. Check if power balance equation is satisfi% , Ps — Py — P | (&

i=1

if yes, stop. Otherwise, go to step-6.

N
ZPGi_PD_PL

i=1

N
Z PGi - PD - PL
i=1

6. Increase\ by A A, if ( 0 otherwise, decreask by AX;if

> 0 Repeat from step-3.

4  Sample Sytem
A six plant system with the following cost equatias considered.

F, = 0005P7 + 2P, +100 Rs/hr
F, = 001P/ + 2P, + 200

F, = 002P/ + 2P, +300

F, = 0003P/ + 195P, +80
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F, = 001P” + 145, +100
F, = 001P7 + 095P, +120

The inequality constraints are

10MW < P, < 200MW ;

The transmission loss coefficient matrixBs as given in Tablel.

Table.1. Transmission loss Coefficient Matrix
2E-3 1E-5 15E-4 5E-5 0.0 -3E-4

1E-4 3E-3 -2E-4 1E-5 12E-4 1E-4
15E-4 -2E-4 1E-3 -1E-4 1E-4 8E-5
5E-5 1E-5 -1E-4 15E-4 6E-5 5E-4
0.0 12E-4 1E-4 6E-4 25E-G 2E-4
-3E-4 1E-4 8E-8 5E-4 2E-4 21E-

The data required for the artificial neural netwisrlas follows.

Learning Rate :0.15
Momentum Constant :0.8
Number of iterations (epochs) : 10000
Tolerance :0.001
5 Reaults

Generation scheduling for each load is obtainechfilaree layer feed forward artificial neural netlworhe
size of the artificial neural network is 1 / 2 /ANN is trained with 42 different loads. Networktigined with back
propagation algorithm. Once the neural net is &@djrihe accuracy of the neural net can be evaluptedsting the
network with another 42 different loads. Log- sidgdhand pure linear transfer function is selectethenhidden and
output layer respectively. Results are obtainedABN method and classical method. The results of éoest for
various load is given in Table2. From Table 2sitdund that the results obtained by the ANN mettmidcide with
the accurate iterative method. The mean absoluteeptage error is 2.577. Total fuel cost for eaehl power
demand is presented in Table 3. The graph betweelncbst against real power demand is drawn andrsho
Fig.1. The percentage deviation in the operatired fost for the ANN method with respect to cladsioathod is
calculated and given in Table 4. A graph betweenréteived power and percentage deviation in thedost for
the ANN method is shown in Fig.2.

Table.2 Comparison of Results of ANN & Classiwedthod
Load MW  Generation (ANN) Error

215 220.95 -0.890
355 342.77 3.445
598 608.5 -1.756
666 642.7 3.498
780 746.77 4.260
980 995.89 -1.621

Table.3 Comparison of Fuel Cost

Load Fuel Cost Fuel Cost
(MW) (ANN ) (Classical)
215 1333.0 1334.3
355 1642.8 1683.5
598 2453.9 2438.3
666 2475.6 2687.1
780 2983.1 3154.2
980 4176.8 4203.6
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Table.4 % Deviation in Total Fuel Cost
Load (MW) % Deviation of Fuel Cost

215 0.1

355 2.4

598 -0.6

666 7.9

780 5.4

980 0.6
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Figure.1 Fuel Cost and Real Power demand
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Figure.2 Percentage Deviation of Fuel Cost & Realé&ow

6 Conclusion

This paper deals with optimal generation schedulinpermal power plant using artificial neural wetk.
Three layer feed forward ANN is used to optimizeng@tion scheduling. ANN is trained and tested viaiitk
propagation algorithm. The equality and inequaldgnstraints are considered while optimizing gemnenat
scheduling. The constant B- Coefficients are usdiht the transmission loss. The B- Coefficientmoel is simple
and less time consuming method to find transmiskies when compared to load flow technique. Thehowts
tested with six thermal power plants. Results areusate and encouraging Results of ANN are compuaiéu
classical method.
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