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ABSTRACT

This paper presents an application of a new
Hopfield model with simulated annealing in solving
the economic dispatch problem of power systems.
Factors such as power mismatch, total fuel cost and
the transmission line losses are used in defining the
energy function to solve the economic dispatch
problem using the Hopfield model. Each term of the
energy function is multiplied by a weighting factor
which can either be logically selected or directly
estimated according to the specified power
mismatch. A linear input-output model that takes
into account the transmission losses was used here
instead of the usual sigmoidal neuron model. It is
observed that economic scheduling is an
optimization problem. In Hopfield network
approach the objective function of the economic
dispatch problem is transformed into a Hopfield

energy function, which is then minimized through

iterations. Computational results based on the
proposed method are compared with well-known
classical solution approach and found satisfactory.
The result reveals that the new algorithm is
relatively simple and fast in respect of
computational requirement when compared with
conventional.
Keywords:  Cost of thermal generation,
optimal generation, modeling of
Hopfield Neural Network,

Lambda-iteration method.

1.0 INTRODUCTION

Utilization of energy has played a vital role in the
development of civilization, and it is an index for
Industrial and all round development of any

country.

Over the last few decades, human population and
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energy consumption has been on the increase. To
this extent the size of electric power systems are
increasing rapidly, to meet the energy requirement.
Consequently, a number of power plants are
connected in parallel to supply the system load.
With this development, it becomes necessary to
operate the system most economically, by
scheduling generators with the aim to guarantee at
all times the optimum combination of generators
connected to the system to supply the load demand.

The problem of economic scheduling is divided into
two steps, namely, unit commitment and on-line
economic dispatch. The unit commitment is the
selection of unit that will supply the anticipated load
of the system over a required period of time at
minimum cost as well as provide a specified margin
of the operating reserve (Spinning Reserve). The
function of on-line economic dispatch is to
distribute the load among the generating units
actually paralleled with the system in such a manner
as to minimize the total cost of supplying the minute
requirement of the system.

It is observed that economic scheduling is
an optimization problem. Traditionally, to solve the
problem, a lagrangian-augmented function is first
formulated [1], and the optimal conditions are

obtained by partial derivation of this function,

calculation of the penalty factor as well as
incremental loss is imperative in the solution
algorithm. In the past, the incremental loss was
determined by -coefficient method [2], which states
that the transmission losses can be expressed in
quadratic forms of the generation powers, and
solved by employing the -iteration method [ 5]. It
has also been solved using Dynamic programming,
Lagrange classical method, Branch and Bound
method. With recent development in optimization
algorithm, the problem is amenable also to Genetic
algorithm, Fuzzy logic and Neural Network [6], [7].
In Hopfield neural network approach the objective
function of the economic dispatch problem is
transformed into a Hopfield energy function, which
is then minimized through iterations. The energy
function is composed of power mismatch, fuel cost
and transmission line losses. The optimal
generations are the ones, which result in the
minimum energy function value.

Hopfield network follows a gradient decent
rule. Once it reaches a local minimum, it is stuck
there. To find the global minimum of a function
using only local information, some randomness
must be added to the gradient decent rule to increase
the chance of hitting the global minimum; hence,

Simulated Annealing was employed. Simulated
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annealing, [9] is a method that introduces
randomness to allow the system to jump out of a
local minimum. The method draws an analogy
between optimization of a cost function in a large
number of variables with minimization of an energy

function in statistical mechanics.

The primary aim of this project is to proffer an
algorithm for economic scheduling of N.E.P.A
thermal systems, using Hopfield neural network.

The project is limited to economic dispatch of
N.E.P.A. stations It also

thermal in Nigeria.

excludes all private and independent electric power

supply.

2.1 COST OF THERMAL GENERATION
The input-output curve of a generating unit

specifies the input energy rate Fi(PGi) or cost of
the fuel used per hour CE(PGJ')aS a function of

generator power output PGi' It is usually assumed

Ci(PGi) =k xP‘i(PGj) = kX PG:‘ X Hi(PGi)

The heat rate curve Fig.2.1.2 may be approximated

by

H.(P.)= y wol +lp
i Gi PGi i 1 Gi

!

(Nair% )

b

that the fuel cost is the major cost factor of

operating a thermal plant.

P, (MW) is the minimum loading limit below

P (MW)

max

which it is uneconomical to operate and

is the output maximum limit. The output-Input

curve can be obtained from the heat-rate curve as

FilF) =Py X H (g, (MK%)

Where HE(PGi) is the heat-rate in MKI/h. The

graph of Fi(PGi) is the input-output curve Figure -

2-1. If the cost of the fuel is & (Nair%,m])- Then

the input fuel-cost C,(F;) is

212

2.1.3

With all coefficient positive from equation 2.1 and

equation 2.3, gives a quadratic expression for input
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energy rate Fi(PGi) with positive coefficient of the

; = o bl ! p2 MKJ
)= & ¥ ¥ LA

_ gl / /2
Ci(PGi) = kal. + kbi PGL' +k€i PGL'

- D Naira
C(Fgp) = a; +b,Fg + ¢l ( A)

dc.
The slope of the fuel-cost curve ! is called
dP(‘i
b

incremental fuel cost (IC). If from equation 213

H (P = ‘i P +b; e %VIWh)

The shape of the heat-rate curve given by equation
2.1.6 is that of rectangular hyperbola as shown in
Figure 2-3. For large value of power Pgi, the input

energy rate Hi(Pgi) = b, a constant
(
,)

P = > Nair,
G e [vair

(]
LE=]

OPTIMAL GENERATION OF
THERMAL GENERATION

If it is known a priori which generators are to run to
meel a particular committed and active power load

) e

form

2.1.4

Also C,(P,) is quadratic i.e

2.1.5
c. is negligible, then the heat ratc may be
l

approximated by

2:1.6

From equations 2.1, 2.1 and 2.6, approximation for
the input energy rate Fi(Pgi) and fuel cost Ci(Pg;i) are

gotten in form of

Pp given, the real power generation Pg; for cach
generator has to be allocated so as to minimize the

total cost.
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subject to the inequality constraint
PGl(mmiPGiSPG I(max)
i=12--k

Where p

and P..(max)are lower and
G Gi

. (min)
1

upper real power generation limits of the i"

generator
k
>
X PG!.(max) P PD

i=1

In addition, consideration of spinning reserve

requires that

k
iglPGi(max) > P

where A is the lagragian multiplier. Minimization
is achieved by the condition
dc

aPGi

=0

i

s is the incremental cost of the i generator
Gi .

222

It is assumed that the cost C is independent of Qg;
i.e the reactive power, Ci(Pg;) is non-linear and P =

0, where Py, is the power loss then

lPGi (max) = PD

[ e R

;
223
The cost of operating unit i, i.e. C; is independent of

the power generated by unit j if (j # i). Optimizing

using lagrangian multiplier gives

2.2.4

226

22.7
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a’cl - dcz o dck _d
dP

Gl

dPG 5 ar G

From the equations above, the optimal loading of
generators correspond to the equal incremental cost
point of all the generators. Equation 2.2.8 is called
coordination equation. When these k equations are
solved with load-demand equation 2.2.5; a solution
for the Lagrange multiplier A and the optimal
generation of k generators results.

Algorithm for determining A in equation 2.2.8 is as
follows

1. Choose a trial value of A i.eIC =(IC)"
24 Solve for Pgi (1 =1, 2 ... k) from
equation 2,1.7

3 If <¢g, the optimal

X Foi—Pp
i =]
solution is reached otherwise

4, (i) Increment IC by AIC if
;ElPGi —PD <0 or
(i) Decrement IC by AIC if
i §1PG'I' - PD >0 and repeat from step

2. € is the error tolerance.
The effect of the generator limits given by the

inequality constraint of equation 2.2.2 is such that,
as IC is increased or decreased in the iterative
process, if a particular generator loading Pg; reaches
the limit Pgi(max) or Pgi(min), its loading from then
on is held fixed at this value and the balance load is

shared between the remaining generator on equal

2.2.8

incremental cost basis. The fact that this is optimal

follows from Kuhn-Tucker theorem.

OPTIMAL GENERATION WITH LOSS
CONSIDERATION

A modern electric utility serves over a vast area of

2.3

relatively low load density and the transmission loss
may be appreciable, hence, it is essential to account
for losses while developing an economic dispatch
policy. When losses are present, simple equal
incremental cost criterion no longer hold.
Considering a system in which all the generators at
each bus are identical, equal incremental cost
criterion would dictate that the total load should be
shared equally by all the generators, but considering
line losses, it will be cheaper to draw more power
from the generators which are closer to the loads.
When the

different, the cost of transmission losses will affect

..stances of generating plants are

the economic distribution.

The overall cost of generation is

m
C:.E CE(IZ;} 231
i=l
With the constraint
m n .
2 LB,7H =0 2
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Where:m is the total number of generating plants
n is the total number of load buses
P is the generation of the i plant

n ‘
PD = ¥ PDi Sum of load demand

P_ is the total system transmission
loss

The lagrangian of cost is

i=1
at all buses (symmetric load is
assumed)
m m .
C = - -p_ - Naira
C= 3 g A[iEIPGi P, PLJ (vaira) 233

From equation 2.3.2, for a given real load Pp; at all
buses, the system loss P is a function of active
power generation at each plant. If the power factor

Py =P (FopFor Fop)

234
The optimum real power dispatch is
= de, oP
aac =——‘—A+A-é—é-=0 2.35
o g Foi
i=12,m
dci
dP,

= ),=.___..__..GJ.—_

236
&
Foi

i=12,m

of load at each bus is assumed to remain constant,
the system loss Py is
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defining

L = L

i =7 op
1- L
")

)L:ICxLi

L is called penalty factor of the i™ plant. A has the
unit of Naira per Megawatt-hour. Equation 2.3.7
implies that minimum fuel cost is obtained, when
the incremental fuel cost of each plant multiplied by

its penalty factor is the same for all the plants. The
(m+1) variables (Pgi, Pga, ... Pom, A) can be
obtained from m optimal dispatch equation 2.3.7

together with power balance equation 2.3.2. The

817
L
aPGi

transmission loss (ITL) associated with the i'

is referred to as the incremental
h

generating plant.

IC. = A1-1TL)
1 1
i=12,m

P,, P, are real power injection at i" and j™ buses, Bj;

is loss coefficient which are constant under assumed

237

This equation is called exact coordination equation.
To solve the optimum load-scheduling problem, it is
necessary to compute ITL for each plant; therefore,
the functional dependence of transmission loss on
real power of generating plants must be determined.
Optimum generator allocation with line losses is
obtained by operating all generators such that the

product, [ Ci X Li =1

for every generator. All generators which are not at

or within their limits are operated such that

’ IC!.xLI. =A for each of them. The generators,

which are at their limits are or beyond are operated
at their limits.

The transmission loss in a system is expressed in
238
terms

of active power generation using B-

coefficient method.

239

operating conditions, m is the number of generator
buses.

From equation 2.1.5, the incremental cost
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de.
I Naira
M e argl )
Gi
dc. dPL
substituting L and from equation 2.3.9
} o (7]
Gi Gi

in the equation 2.3.5

bz‘ m
l1-—-- % 2B..P
A j=1 iy J
P FET
l‘ Q{C. ]
L +B.,
A il
i=12---m

For any particular values of A, equation 2.3.12 can
be solved iteratively by assuming initial value of P;
equation 2.3.12 along with power balance equation
2.3.2 for a particular load demand Pp are solved

iteratively as follows:
1. [Initially choose & = lo

2. AssumePi=0;i=1,2,...m

3. Solve equation 2.3.12 iteratively for P;
4. Calculate P using equation 2.3.9
3

. Check if Power balance equation 2.3.2 is

iPi-PL
i=1

otherwise step 6

satisfied <g if yes

stop,

2.3.10

m
bi — ZCiPGi + A §

2B.P.=A
g1 U

substituting Pg; = P; + Pp; and collecting like terms

of Pi

2312

6. Increase A by AA if (EP, —PL]<£

i=1

or decrease A by AL if

(il’: —PL)>£
i=1

Repeat from step 3. € is error tolerance.

24  HOPFIELD NEURAL NETWORK

The basic model consists of a set of processing
elements that computes the weighted sum of the
input and threshold the output. Associated with a
model is an energy function which is partly akin to
the Lyapunov function occurring in stability
investigation of non-linear dynamic systems. The

outputs of the model converge to a stable local
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energy minimum, which is referred to as

equilibrium point.

du. U,
C.—L=%w,y,--L+1,
L odt j g Rz’ l

where for unit i, C; is the membrane capacitance, R;
is the transmembrane resistance, I; is the external
input current, y; is the output potential of a unit, u; is
the instantaneous transmembrane potential, and w;
represe.nt‘.the connection weight conductance from
each of the other units. If the activation function is
defined as y; = g(n;) of a neuron be a nonlinear and
monotone increasing function. It is essential that
E= ——LEZW.._v.y =31y + E—le'g._ 1(y)dy
2~ i AL A iRiOE

the function gl._l is related to 8; in Y, = g(ui)

through the constraint

e'leO)=gle)]=1

The function g; is assumed to be monotonically

equation

increasing differentiable function. This guarantees
aE _ -y dy, “i
dt T dt

VS — )
?ij Ri 1

2.4.1 MODELLING OF HOPFIELD

NETWORK
The differential equation describing a network with

graded response units are given as

24.1

Hopfield network converge when using it to solve
an optimization problem.

Let the energy function of model in equation 2.4.1
be defined as E. E is a lyapunov-like function of the

system represented by equation 2.4.1

242

the existence of the inverse function, which is also
. . . =1
monotonically increasing. Therefore g has a

positive slope everywhere.

For a symmetric connection

243

Comparing 2.4.1 with 2.4.3
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] 2
dE dy. du. =1 dy.
—m=Y =t t =] g A —£ 244
dt Z Lde dt % l(gi (yl)) dt

If we assume that the transmembrane resistance R;

Sinice gi_l(yi) is a monotonically increasing is extremely large, tc.j first approximation Ri — 00

e _ 1 2 and normalizing equation 2.4.1
function, its derivative 8, ( yl.) > 0. Also G is
positive. Therefore

E |
2B ot B s P 2§ for all 1 Using the
dt dt dt

boundedness properties of E, it can be concluded

that the time evolution of the network seeks out the

minima of E in the state space and stops at such

points.

ﬂ=Zw..y.+]. 24.5

dr j v-J

An energy function is formulated incorporating the
threc vujectives

30 MATHEMATICAL FORMULATION

3.1 ENERGY FUNCTION FORMULATION E=(45lp, + 2, - X RF + B4R +b2+cp + (G4 )

The aim of economic dispatch in electricity !

eneration is as follows .. L .
& where A, B, and C are positive weight factors, their

; AT 2
(i) Minimization of the fuel cost E.(al +0,F +¢,E) values introduces their relative importance.
i

(ii)Minimization of power loss P, The power loss Py may, be expressed as

(iil)Minimization of power mismatch P, = P, + P, — ZF:

PL=PL0+APLEPIB+§IUO(Pi—PiO) . 312

Changing the generation output of unit i from P;, to
P; the transmission losses change from P, to Pp.

b




NSE TECHNICAL TRANSACTION Vol.42, No.2 April ~ June, 2007 Osofisan & Yusuff

AP, is the linearized power loss change and I, is 32  SOLUTION TECHNIQUE
the incremental loss of unit i at power generation The energy function in relation with optimal power
Pio. generation, is derived by substituting equation 3.1.2

into equation 3.1.1

Ez(%IPD+PL“iﬁP*”(%)%(“1”’:’}”:"?2)*(6/{‘” +2’Lm Pz‘o)]

:}/XP +P)2 (P +P{ ] (ty)zzpp +(/[za]+(4{l;biq]+
54372+ 55k 65 21 - (‘V[Efua %)

-assuming APp << Pp,

‘}/XP +P)2 l (P +P )‘E:L‘g%]%’f(%{%cif’f]
(%)?Z,%Pj" {Z“ ]*((’/)P [ 15 w] | 32.1
et yXP +P )2 2{ a} { }':::ILioPio)=k

where k is a constant for a given set of generator

and power demand
Bb, CI
i

E=k+(%{§cil’i2] (/)zzpp - [(p +pLo)-T"-.—-§"iP

Comparing equation 3.2.2 with equation 2.4.2

3.22

w, =—A 323

By, Cl,,
L=AP, + P )——~-
( o) T

Substituting equation 3.2.3 into equation 2.4.5

56




NSE TECHNICAL TRANSACTION Vol. 42, No.2 April = June, 2007 Osofisan & Yusuff

dui
—=¥w.y.+1I
d ?wuy j
d“i Bbi CILio
FE;":%_A}II +A(PD +PL0)—T“T+Wiiyi
Bb, CI
- » ——1_ " Lio
- (A+Bci)yi+§j: ij+A(PD+PLo > >
Bbi Cllio
=A PD +PLO _§yj _BciPl' -'——é“—’""“-—i——-
du. [ /
i 3y, |- (B4 _“Lio
. A[FD +By, )}yj} B4k +2c..] A 3244
Letting the output of neuron j represent the power
generation of unit j
du, cr, . /
P {7 - —|B — Li
" A[PD B ?Pj} ( /21”. + 2ct.Pi] o 3.2.4b

Using linear input-output model instead of the usual
sigmoidal neuron model.

Output 4

P

imax

o S s LN,

=l |

Figure 3-1: Linear input - output neuron model
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E = hi(ui)z[(uf _uimi%. - )](meax - Rmn)+ Pr'min

o + ﬂf Vo Uy S8 S Uy, 3.25

where both ¢, and f3; are constant

; &
ﬁ =~auimin + P,

Pi= h’i(ui)‘= Pmax v U > Ujimax
and P=h(u;)=P,

imin

Vu <u,

rmax

Differentiating equation 3.2.5 with respect to ¢

dP. du.
iy J g 1 3.2.6a
dt todt
PD + PLo - Ej;Pj = Pm 3.2.6b

Substituting equation 3.2.4b into equation 3.2.6

dp, .
.;:_:1_ = il:;t{PD B, - };“‘,Pj]— (%Ibi + 2ciPI,]— CILr%:l 32.7a

but PD +PL0 ~§P]. =Pm

Hence

dP.

i —ab. B —a Clu/ _ ‘
2 AP -ab, A a,“if) ~oc.BP, 3.2.7b

L - By . CILio
Let M, aiAPm aibi A o, 5

and N, = aiCiB
o M,+ NP 32.7c
dt

taking the laplace transform of equation 3.2.7¢
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sP(s)-p(0) = My + N,P(s)
s

A M 3.2.8
s=N, s{s—=N,)

P(s) =

taking the inverse laplace transform of 3.2.8

M. M.
P(t) = P(0)e"" ——L+ —LM*
) © N, N

M, M,
B(1) =| P(0) +—L ™" ——L 3.2.9
¥ { o N,l N,
energy i.e. an optimal value, from equation 3.2.10

substituting for M; and N; as t—yoo

Cl,. Cl,.
AP -b.B/ -“ie/ | qc.Br AP -b.B/ - n/
Pi(t)z P(0)+ m 14 2 e 11 i m lBA 2
C:

Be,
i i
3.2.10
Since the output of the neuron as time tends to
infinity settles down to give minimum function
Ci,;
AP -b.B/ - u/
P (00) = — MM 1/2 2 3.2.11
' Bcl.

f:.(oo) represent the optimal generation of unif i.

Substituting equation 3.2.11 into equation 3.2.6b
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-p. B _CILio
P =P, +P _i Ay ~4 % 2
m "D Lo &« Be.
i

) :;[PD+P +2[{Bb C’zm]/(Bc,)D

" +(aB)> L

alc

,PI.(O) and Pi(oo) are the values of Pi(t) ast

= ( and t = oo respectively. Pl.(oo) represent

BE b +2¢P = L AP, .
drp, B 2
The equal-i »ntal cost criterion requires
that
P e pi s o pp
dF, * dP, dP,
—
bol=1,,

PF, is the penalty factor for unit i

C =2AP,
4.0 PROCEDURE, PRESENTATION OF

RESULT AND DISCUSSION OF RESULT
4.1 PROCEDURE
The computational procedures include a series of
adjustments of the weighting factor associated with
the transmission line losses. After each adjustment
of the weighting factor, unit power and incremental
losses are reevaluated. The newly obtained power
generations and incremental losses are applied, to

compute power mismatch and re-adjusted until

3212

3.2.13

the optimal generation of unit i, which is the
solution to the problem.

From equation 2.4.5

3.2.14

3215

Solving equation 3.2.14 and equation 3.2.15 for
C

3.2.16

optimal generations are obtained. The optimal
power generations are the ones, which result in the

minimum energy function value.

The data used is given in Table 2, Table 3 and Table

4, Table 2 shows the loss coefficients of

transmission lines, Table 3 shows the operational
cost parameter and Table 4 shows the power limit

of all thermal generation units used.
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1. Supply Fuel cost parameters (a, b, and c,), loss coefficient B ., neuron model

and U. ), weighting factors (A and B)

i min i max

2. Initialize power generation of each unit and set C =0

i1

parameters (U

.

3. Determine P by applying equation 3.1.2; Py, by applying equation 3.2.13; and
P; (k) by applying equation 3.2.11

h 4
4. Determine C from equation 3.2.16

.

5. Check power mismatch P, + P, =Y P (k) < tolerancee . , 1

Yes/ Pm> € |

-

Increase K

6.1s
. Bk +1)— Fk)

<tolerance €, for all
units?

\‘/ Yes

[ 7. Stop iteration and output result. J

Fig. 3-2: Flow Chart for Computation of Power Mismatch
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Table 1: Loss coefficient B;; in 10~ p.u.
8.7 |0.43 |-4.61]0.36 0.32 |-0.66/0.96-1.6 |0.8 |-0.1 3.6 [0.64 [0.79 2.1 |1.7 (0.8 |-3.2 |0.7 (048 |-0.7
0.4318.3 |[-0.97(0.22(0.75 {-0.28|5.04 (1.7 |0.54 |7.2 |-0.280.98 [-0.46 1.3 |0.8 [-0.2 |0.52 |-1.7 (0.8 (0.2
-4.6 [-0.97(9 -2 0.63 3 1.7 |43 3.1 |2 0.7 [-0.77(0.93 4.6 |-03 42 (038 0.7 |2 (3.6
0.3610.22 [-2 |53 (047 [2.62 |-2 (2.1 |0.67 |1.8 |-045/0.92 [24 (7.6 |-0.2 0.7 |-0.1 |0.86 |1.6 [0.87
0.32/0.75 (0.63 |0.47 8.6 |-0.8 |0.37(0.72 |-0.9 |0.69 (1.8 4.3 |-2.8 |-0.7 23 3.6 (0.8 [0.2 |3 |05
-0.7 |-0.28/3 2.62-0.8 |11.8 49103 |3 |3 04 (078 |64 2.6 0.2 2.1 (0.4 2.3 |l.6 |-2.1
0.96|5.04 1.7 |-2 |0.37 [-49 [8.24-09 |59 |-0.6 85 [-0.83(7.2 4.8 |09 [-0.1 |1.3 |0.76 (1.9 |1.3
-1.6 (1.7 |-4.3 |2.1 [0.72 0.3 |-09 |1.2 |-0.96/0.56 (1.6 (0.8 |-0.4 |0.23(0.75 |-0.6 0.8 |-0.3 |53 [0.8
0.8 [0.54 3.1 [0.67]-09 (3 |59 [-0.96/093 |-03 6.5 23 [2.6 [0.58|-0.1 [0.23|-0.3 |1.5 [(0.74 |0.7
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Table 2 : Cost coefficient of thermal units

Unit a B c

1 1000 18.19 0.00068
2 970 19.26 0.00071
3 600 19.8 0.0065
4 700 19.1 0.005
5 420 18.1 0.00738
6 360 19.26 0.00612
7 490 17.14 0.0079
8 660 18.92 0.00813
9 765 18.27 0.00522
10 770 18.92 0.00573
11 800 16.69 0.0048
12 970 16.76 0.0031
13 900 17.36 0.0085
14 700 18.7 0.00511
15 450 18.7 0.00398
16 370 14.26 0.0712
17 480 19.14 0.0089
18 680 18.92 0.00713
19 700 18.47 0.00622
20 850 19.79 0.00773

63 -

Osofisan & Yusuff




NSE TECHNICAL TRANSACTION Vol. 42, No.2 April - June, 2007 Osoﬁsah & Yusuff

Table 3: Economic Power limit of thermal units

Unit Pmin Pmax

1 150 600
2 50 200
3 50 200
4 50 200
5 50 160
6 20 100
7 25 125
8 50 150
9 50 200
10 30 150
11 100 300
12 150 ‘500
13 40 160
14 20 130
15 25 185
16 20 80

17 30 85

18 30 120
19 40 120
20 30 100




NSE TECHNICAL TRANSACTION Vol. 42, No.2 April = June, 2007 Osofisan & Yusuff

Table 4:

Optimum power generated by thermal units using the proposed algorithm

Unit Un?t Power(M_W) Unit .Power MW)
Optimal Technique Classical Approach
1 521.0085044 512.7805
2 195.9020562 169.1033
3 125.786112 126.8898
4 102.7142951 102.8657
5 114.2976138 113.6836
6 70.48867348 73.571
7 116.0966622 115.2878
8 116.0195387 116.3994
9 105.0821036 100.4062
10 65.59932526 106.0267
11 130.3187606 150.2394
12 307.2581799 292.7648
13 121.9730105 119.1154
14 31.00012211 30.834
15 121.1383808 115.8057
16 35.93005392 36.2545
17 64.53894732 66.859
18 90.6362459 100.8033
19 103.1797461 54.305
20 53.01276141 91.967

65



NSE TECHNICAL TRANSACTION Vol. 42, No.2 April - June, 2007  Osofisan & Yusuff

Fuel 4

P_(MW) pm(MW) I;;oweroutput(MW)

Figure 2-1: Input-Output curve of a typical generating unit (Fuel - Power)

Heat RateA

Output Power (MW)

Figure 2-2: Heat rate - output power of a generating unit
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Figure 2-3: Heat rate - output power curve
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