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Abstract- In this paper, we will apply a method of non-
linear programming to the economic dispatching of the
active powers in an electric network. This method was
described by Fletcher-Reeves [1, 2] and from the
application point of view to the study of the electrical
supply network. We used it for the first time to solve the
real economic dispatching. This method derives from the
method of the combined gradient and by using the
development of Taylor. We end to a final form where we
can determine the optimum capacities to make lower the
production cost of the energy requested by non-linear
programming (PNL).

Keywords: Economic Dispatch, Nonlinear
Programming, Power System, Penalty Function.

1. INTRODUCTION

The required production of electrical energy becomes
more and more important. It will be necessary to reflect
on a strategy of production of this energy for lower cost.
For that, several researchers succeeded in developing
mathematical methods which make the objective function
minimum. In our case we used a method of programming
non-linear which is the method of Fletcher-Reeves [1; 2]
that we applied for the first time to standard network
A.E.P 14 bus [4] and compared the results found with
those already found by others methods [5].

2. OPTIMAL DISTRIBUTION BY THE NON-
LINEAR PROGRAMMING
The function objectifies which is the fuel performance
index is of origin non-linear and its form is [1, 3, 4]:

F (Psi) = &+ Pg; + GRS @)
The principal task to solve is summarized as:
Min {F; (Pg;)} 2)

with the constraints:
P(Pg;. 1) = F(Pgi) +

) m ©)
+r(1k)[zll H(h (PGi))]+ r le G(9i (PGi))]
e @

where, ai, bi, ci: performance index of production of
power station i

Cj: consumption of power activates in the node j

P.: total real power losses

PMI" : Minimal active power of power bus i

P& . Maximum active power of power bus i

For solving this task, we used a new method of non-
linear programming as we already underlined and who is
the method of Fletcher-Reeves.

3. MATHEMATICAL FORMULATION OF THE
PROBLEM
The problem of the economic control system consists
in minimizing the function of the production cost of
electric power (objective function) and this problem
perhaps stated as:

To minimize the F(Pg;i) function (5)
Under the constraints:

hi(Pgi) =0 (i=1,2......... , N) (6)
0;(Rsi) =0 (i=1,2......... , m) @)

As our task proves to be an optimization with
constraints, it should be transformed into another similar
but without countering by using the functions of penalty.
The initial problem changes by another which are:

Minimize P(Pg;.r®)) = F(P;)+

+r(1k)[§ H (hy (F’Gi))]+ r(

where, r® is the coefficient of penalization.

The functions H (hi (Pgj)) and G (gi (PGj)) are called
functions of penalization and are defined according to the
method of penalty used.

m 8
ge(gi(%i» ®)

3.1. Methods of External Penalties

G(9;(Psi)) :[Gi(PGi)]2 and H(h(Ps)) :[Hi(PGi)]z
Therefore:

P(Pei 1)) = F(Psi) +

S (T +(r) o (o) ©



3.2. Methods of Interior Penalties
These methods are based only on the transformation
of the problem with constraints of inequality type [1, 2].
1

Glg;(Ps)]=—~— 10
[9:(Fel= (10)
Therefore:

G N k) S 1
PR =FRa) r 8 L e

3.3. Methods of Penalties Mixed [1, 2]
It is a combination of the two preceding methods:

HO(Ps) =[Hi (Ps)f and  G[g; (Ps)]=——

gi (Fsi)
Therefore:
P(Psi, r(k)) =F(Psi) +

n 2 (k)| -
r(ik)gl[hi(PGi)] +(r())z[gi(]I-DGi)J

i=1
4. METHOD OF THE COMBINED GRADIANT

4.1. General Principle

They are iterative methods applied to a non-linear
function and while benefiting from the development of
this function in Taylor series in the vicinity of P;*) and
by neglecting the 3™ term as well as the terms of a
higher nature, so the new form of the function to
minimize becomes [2];

F(Pgi) = F(Psi) + VT F (P )(Pei = P ) +

1 k (13)
E(PGi - PGi( T VZF (P (Pei = Psi)

at the stage (k+1) 2" iteration we can affirm that:
F(P"™) = F(R ) + VT F (P ) (R - R +

1 (14)

2 (e = Py T2 F (R (R ) - P )

Ps; Y is a minimum if VF (P;,*)=0
This condition leads to the following linear system:

VF (Pei) = -V2F (P (P = R51) (15)
From where the iterative formula is:
-1

Pei*V =Py - [VZF(PGi(k)] VF(Fsi) (16)
P =P —~H'VF (Pg) (17)
P, Y = P, (0 4 K (18)
where,

s® = _H'VF(P;;) (Direction of research) (19)
H = V2F (rs;)) (Hessian matrix) (20)

This formula perhaps generalized by introducing a
factor A® acceleration of convergence into the direction
of research:

Py D = py, () 4 200k (21)
k
20 = VTE(R;®) S V2R (g, ) + 8¢ (22)

Sk

4.2. Method of Fletcher-Reeves

The method of Fletcher-Reeves is a direct extension
of the method of the combined gradient where a scalar
weight a) being selected so that the direction of research
S® is combined compared to all the preceding directions
and the new direction is calculated starting from the new
gradient [1, 2, 5, 6, 8, 11].

An initial direction is taken: S =-VF(P;®) and
Py =Py @ =—2© then to make:

SO = vF(P;®)+0®sO (23)
where,

o _oTep @y VF(Psi®) ()

w0’ =V F(Peu )WVF(P& ) (24)

From where the iterative formula is:
g(k+) =—VF(PGi(k+1))+

VF (P ™)
V' F(r™)

(25)

SOVTF () VF(Rs)

4.3. Algorithm of Resolution
a) Stage 0: PGi(O) is the starting point chosen, to pose
$O = —VF (R )
b) Stage K: to choose A&
minimizing: F(A®)=F(P;®)+295% to pose:
Py, k) = Py, () 4 250
S(k+l) — _vF(PGi(k+l)) + S(k)VT F(PGi(k+1))a)(k+l)
k+1) _ VTF(Pi* V)VF (Pgi**D)

VTF (Psi®)VF (Psi)

c) Test of Stop: if checked: End.
so not, to make k = k+1 and to turn over in (b).

with: @

5. EXPERIMENTATION
For application of this method, we used standard
network A.E.P 14 Bus Test System [4, 9, 10].

13 .‘_I‘_.M
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Figure 1. AEP 14 units test system



The performance indexes of the two nodes of
production are:

F,(Ps,) =130+ 2.1P;, +0.009PZ,

F,(Ps;) =100 +1.5P5; +0.006P2,

With the following constraints:
135 < Pg; <195 (MW)

70 < Py, <145 (MW)

>'C, =259 (MW)

Initially, we supposed the losses which were
calculated by the method of Gauss-Seidel as being
constant and do not depend on any variable. In the
second place which is the second alternative, we
supposed this time, the power losses are a linear function
of the generated powers. In each alternative, we used the
two forms of external and mixed penalty to see their
influence on the found results. This fact we compared the
results of each alternative.

The found results are illustrated by the Tables 2 and 3
for the first alternative and the Tables 4 and 5 for the
second alternative.

5.1 Calculation with the Constant Losses (First
Alternative)

It is considered that the active losses are constant; the
calculation of the flow of power by the method of Gauss-
Seidel gave like total losses of the network gives [1, 3]:
P_=18.85 (MW)

The constraint of the equality type becomes:

2. P, =277.85 (MW)

We fix the initial values PY and PJ, carries out the
calculation of optimum capacities.

We vary the initial values progressively (fifteen
times) in order to observe their influence on the optimal
solutions. The found results are in the Tables 2 and 3 and
illustrated by Figures 2 and 3.

Table 2. Method of external penalty

Pc,lo PGZO PG10m PGZOF“ Costo" Time
MW MW MW MW $/h S
140 105 163.79 112.15 985.39 0
140 110 162.54 113.55 986.39 0
140 115 161.42 114.71 987.77 0
145 105 164.75 111.44 985.79 0
145 110 163.42 112.77 986.72 0
145 115 162.64 113.76 988.05 0
150 105 165.69 110.75 986.22 0
150 110 164.45 112.01 987.08 0
150 115 164.08 112.61 988.88 0
155 105 166.60 110.10 986.72 0
155 110 165.53 111.18 987.45 0
155 115 166.36 110.64 988.14 0
160 105 167.38 109.58 987.37 0
160 110 166.85 110.14 987.78 0
160 115 166.59 110.65 988.98 0
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Figure 2. Fuel cost with external penalty in first case

Table 3. Method of penalty mixed

P RS R RS Cost® | Time
MW | MW | MW | MW @h) | G
140 | 105 | 156.367 | 121.05 | 997.34 | 0
140 | 110 |153.905 | 12353 | 999.73 | 0
140 | 115 | 151.464 | 125.10 | 1002.31 | 0
145 | 105 |158.855 | 11856 | 995.19 | 0
145 | 110 | 156.400 | 121.04 | 997.40 | 0
145 | 115 | 153.977 | 123.49 | 999.82 | 0
150 | 105 | 161.348 | 116.07 | 993.23 | 0
150 | 110 | 158.905 | 11854 | 995.26 | O
150 | 115 | 156525 | 120.97 | 99751 | O
155 | 105 | 163.846 | 11358 | 991.45 | 0
155 | 110 | 161.428 | 116.03 | 993.32 | 0
155 | 115 |159.193 | 118.35 | 99542 | 0
160 | 105 | 166.352 | 111.08 | 989.87 | 0
160 | 110 | 164.017 | 113.47 | 991.60 | 0
160 | 115 | 163.343 | 114.37 | 993.01 | 0

=== Fuel cost with Tixed penalty method

Figure 3. Fuel cost with mixed penalty in first case

5.2. Calculation with the Variable Active Losses (2rd
Alternative)

In this case the power losses are regarded as being a
linear function of the generated powers.
The coefficients of the generated powers are determined
by the method of Gauss-Seidel [1].
P =0.07677P_ +0.01476P_  (MW)

The equation of assessment will thus become:
0.92323P _ +0.98524 P _ =259 (MW)



Table 4. Method of external penalty

Ry | P, poM P | Costet | P, | Time
MW | MW | MW | mw | $h MW s
140 | 105 | 160.04 | 112.71 | 974.79 |13.95] 0
140 | 110 | 159.39 | 113.67 | 976.54 |13.91| 0
140 | 115 | 161.06 | 112.94 | 979.26 |14.03] 0
145 | 105 | 161.20 | 111.54 | 973.95 |14.02] 0
145 | 110 | 160.59 | 112.47 | 975.66 |13.98] 0
145 | 115 | 164.89 | 108.55 | 974.49 |14.26] 0
150 | 105 | 162.35 | 110.38 | 973.17 [14.09] 0
150 | 110 | 161.82 | 111.23 | 974.84 |14.04] 0
150 | 115 | 161.85 | 109.68 | 968.50 |14.04] 0
155 | 105 | 163.51 | 109.23 | 972.45 |14.16| 0
155 | 110 | 163.22 | 109.87 | 974.08 |14.15| 0
155 | 115 | 164.35 | 108.26 | 971.44 |14.21] 0
160 | 105 | 164.65 | 108.10 | 971.84 |14.23] 0
160 | 110 | 165.31 | 107.59 | 972.10 |14.27| 0
160 | 115 | 162.63 | 110.21 | 973.42 |14.11] 0

=== Fuel cost with external penalty

Figure 4. Fuel cost external penalty in second case

The results of the calculation of the optimal generated
active powers, of the minimal fuel cost, the total losses
and the computing time are given by the Tables 4 and 5
and illustrated by Figures 4-7.

Table 5. Method of penalty mixed

Poo | Peo | Pl | PR | Cost™ | P |Time
MW | MW | MwW MW $/h MW | s
140 | 105 | 1536 | 1184 | 976.76 | 1354 | 0
140 | 110 | 1511 | 1208 | 978.49 | 13.38 | O
140 | 115 | 1485 | 123.2 | 980.40 | 13.22 | O
145 | 105 | 1561 | 1160 | 97531 | 13.70 | 0
145 | 110 | 1536 | 1184 | 976.85 | 1354 | O
145 | 115 | 1511 | 1208 | 97858 | 13.38 | O
150 | 105 | 158.8 | 113.6 | 97403 | 13.86 | O
150 | 110 | 1562 | 1160 | 975.40 | 13.70 | O
150 | 115 | 153.7 | 1184 | 97694 | 1354 | 0
155 | 105 | 1614 | 1112 | 972.94 | 1402 | O
155 | 110 | 158.8 | 1135 | 97412 | 13.86 | O
155 | 115 | 1565 | 1158 | 97543 | 13.72 | O
160 | 105 | 1639 | 1088 | 97203 | 1419 | 0
160 | 110 | 1615 | 111.1 | 97302 | 1403 | 0
160 | 115 | 1588 | 1136 | 97415 | 13.86 | O

Figure 5. Fuel cost mixed penalty in second case

=== Power losses with external penalty method

Figure 6. Power losses external penalty in second case

=== Power losses Wiﬂi mixed penalty method

Figure 7. Power losses mixed penalty in second case

6. CONCLUSION

We can conclude starting from the results found on
the level from the two alternatives with the two types of
penalty that:
— The optimal generated powers as well as the production
cost are insensitive with the initial values i.e., for all the
interval of variation there is a variation moreover at least
5 (MW).
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— The optimal cost of production is better for the second
alternative.

— The losses are minimal when they are expressed
according to transform the initial problem to the second
form which is function of the generated powers.

— The computing time is practically zero.

— Among the other studied methods, we noted that the
method of Fletcher Reeves gives a minimum cost
compared to the others like its speed of convergence for
the same initial approximation.

— We also noticed that the losses for the new method
compared to the others are found minimal by the other
methods, so, the second alternative is better than the first.
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