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Comparison of Evolutionary Computation for Power Flow Control

in Power Systems

o
(Sang-Keun Lee)

Abstract - This paper presents an unified method which solves real and reactive power dispatch problems for the

economic operation of power systems using evolutionary computation such as genetic algorithms(GA), evolutionary
programming(EP), and evolution strategy(ES). Many conventional methods to this problem have been proposed in the

past, but most of these approaches have the common defect of being caught to a local minimum solution.

The proposed methods, applied to the IEEE 30-bus system, were run for 10 other exogenous parameters and

composed of P-optimization module and Q-optimization module.

by which evolutionary

Each simulation result,

computations are compared and analyzed, shows the possibility of applications of evolutionary computation to large scale

power systems.

. Genetic Algorithms(GA), Evolutionary Programming(EP), Evolution Strategy(ES), P-optimization,
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Table 1 Limits of unit power output(MW)

P1 P2 P5 P8 P11 P13
MIN 95 40 15 10 10 12
MAX | 190 85 70 35 35 40

= F2dY HiE Mol & dEfHs ASHEx([p.ul

x|
Table 2 Limits of variables for reactive dispatchlp.ul

TANAG Age  waead epua e

MIN 0.95 0.9 0.0 0.95

MAX 1.1 1.1 0.5 1.05
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Table 3 Fuel cost coefficients of units

Unit 1 Unit 2 Unit 3 Unit4 Unit 5 Unit 6
ai 0.0 0.0 0.0 0.0 0.0 0.0
bi  2.00 1.75 1.00 3.25 3.00 3.00
ci 000375 0.0175 0.06250 0.00834 0.02500  0.025

E 4 Mspoiplel o2 mlajo|gl

Table 4 Parameters of evolutionary computation

EEED

Al 2= ] 3 = Cx)_:‘_]ﬂ
W A wx;EHE g5 B Y q
GA 50 02~04 0.01~0.1 - - -
EP 50 - - 0.3~0.6 0.0~0.5 10~30
ES 50 - - 0.3~0.6 0.0~0.6 10~30
E: 3 5 ZlEtod tof| ofFt UMY REMHEH

Table 5 Real power outputs of generator by evolutionary

computation
Unitl _ Units Unit6 Total Loss Total
[MW] [MW] [MW] Gen.[MW] [MW] Cost[$/hr]
71
Al - 138.970 17930 16910  290.93 7530  815.00
o

GA 180.012 12979 12367  293.07 9598  802.53
EP 173.488 13.723 12.007 292473 9363  801.62
ES 176.430 12.680 12.142 292658  9.260  801.58

g 2% 10708 v slRsteulE gom A5tk
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A GA, EP, ¥ ES7F 247} s34+ 802.2, 801.9, 801.3[$/hr]7k
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Fig. 3 Convergence charateristics of cost
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Table 6 Control variables of reactive power dispatch by
evolutionary computation

Vai Ve Veir Vas Ti Tz Ta Qe Qe
GA 1.082 1.030 1.055 1.042 1.082 1.029 1.009 0.040 0.099
EP 1.076 1.031 1.037 1.084 0.939 1.036 0.994 0.047 0.405
ES 1.071 1.045 1.019 1.083 0.975 1.034 0.968 0.033 0.473

Y 4= AR bE dysee g AT fE 3
PEAY AMuEe S9e 9o Axfade £
RES ey Fadebly e fradue 3
el mel WSl Watss] Mgl Hxfrdd Fu5
e Bl 7 gAppae 54 B4 ohh 5
Wel Aehmel oA EPe} ES: 27t FEAGENS B
T 9.09(MWIZ 9.28[MWI]= HAstst dtH, GAE H
OSTIMWIZEA A&slstel Az x7158e] 238 ng
oh. ® o vetre Wbl ulste] GA, EP, ESt: # 43

A fFady 49 325 A AV A4 0230,
0046IMWIS A EZAAI FolETE Ae 2 we

Hatol digte HolAd e ARE 9wtz o Ry

o
o
N

N

Trans. KIEE. Vol. 54P, No. 2, JUN, 2005

ghel wstel stel i) Walk 24 vk AE ovis
W ES/H 4 agR #3954 dehiglt. aeBs,
S| %-shebu e skl UiE Ze4e ES, EP, GAS £M 2
$Fstn @ 4+ v

11
—=— GA
+--- EP
10 —vy—ES
g /\_/ '~ .
8 - N '\M\A
. PP Y b *
% ° - JRS—— R
™
&
8
(o] 2 4 8 EI3 10 12
Runs
a8 4 eFnielolg Hato] wE FAagEMaEA
Fig. 4 Min. real power loss with various exogenous

parameters

23 S dEhhdT 27 9 %ﬁ]oﬂ oI =
Aol Adefel weh Wzst @rﬁ}ﬁ}ﬂ R
< 54% =5 v GAE %

SR, BP9} ST A9l 5
o2 JEbgy 3, A48 54
Aol HHARH FHaslo|t) P*Optlleathn oM =
2HlE #4388kl Q-Optimization A= 036‘?—%
Haztety] wiEel fFEAY Edo] HAxHom vt
&= Zolt & F9 el dE BddE 2 A

2 Apze.

"
2 Ho

rr
Nl

o
rorpr R o
L o
z
M 2L B ok N fob b

o

O XN oo 2 K

10.5

GA
10.0 - EP

ES

=

=

%24

43

8 _ —

o

=

Q

(=9

=

D

o

B8O -
. . .
o 10 20 20 40
Generations

28 5 RENY 2 FHSY

Fig. 5 Convergence characteristics of real power loss

oAl AN 7o 54 B4 Slstel
FA% 2AslA BgAPL Atk Aze]l FHEAe
%%%’101 ARANE 40AHZ SASA Sk old, GA,

m

P, 2 ESe] ALAIZEE 7}z} 280, 293, 30222 A Al
20¥E AMALS GAZF A3 ggo® EP, ESe &4
otk GAE A%E o4 A9 AUEFFE ALgete ww
EPs ESt A4S AAF7] mie] o Be Aol 28
e ¢ 4 9lx, 53, ESt AA@ANe] @ AAEo

65



ZRAE sk Fito]l FURE Y o] EPRU AlZte] ¢ Aol et AAgel 2 e T @AHE WAt
o9t Yy HAHAE GG 28HE A Z5H3k 2vkA & A dketke) o] Fesitin AR HTH
ES7 7b¢ 43 thg o & EP, GAS Aot}
ESE vd s S EPQ o AZAT AiA e g |
& FEeEN FHEEA Y Adx 1 devgel o
sk A Tol oA o e EAE ZEA HATH EP [11Q. H. Wu, "Power System Optimal Reactive Power
= detv g kel Wste] diste] AW dsv] B FEHE Dispatch using Evolutionary Programming”, IEEE
o] Auldez ¢ & Fo= Wttt oy s ©d Trans. on Power Systems, Vol. 10, No. 3,
2 Ut R AGAFd HEA FHuE g AAskeE pp.1243-1248, August 1995
23t ool E £ vk w3 ESe EP/F EdAWolE F [21K. Iba, "Reactive Power Optimization by Genetic
H o Aaatz AlgEE 9 GAE WHIE FE dAxE Algorithm”, IEEE Trans. on Power Systems, Vol. 9,
AbEEE L Qlad, wEl AAAE 54 B AxkA o No. 2, pp.685-691, May 1994
F FAA FgEe ud Wsls & 5 ¢l " ol At [3] Z. Michalewicz, "Genetic Algorithms + Data Structures
7 el whel Zk JlAe] FHA fEe] AR FARIA = = Evolution Programs”, Second Edition, Springer
ZIA el 271 89 43S JEpdTh 183 EPSF ESw Verlag, 1992
FRel 22 7k A Ao ofste] X3}l whHel GAE [4] T. Back, "Evolutionary Programming and Evolution
BEEREY AAo| oste] HIslmz zV|FHo| ok g Strategies @ Similarities and Differences”, Proceedings
Qg w7t dojAa 9t} of the Second Annual Conference on Evolutionary
e 17 37 594 & g ARe]l gV e H A5 Programming, 1993
T Z WA HTEA N 10-204t o] Fol= FAs e W [51]. R. McDonnell, D. B. Fogel, "Evolutionary
sl mAstth Aa Fgdlte] FHE S ZEAA = programming IV”, MIT Press, 1995
Il 9)gt waso] wA JhsAde] AveE Aot & [6]P. H. Chen, "Large-Scale Economic dispatch by
3], FE7E F A AEA gAFze] AEs wo A Genetic Algorithm, IEEE Trans. on Power Systems,
g e AL gs 2T o] £AE dAse FEas Vol. 10, No. 4, pp.1919-1926, November 1995
T A EFY AsArks AMgEeE Aot &F [71H. T. Yang, "Evolutionary Programming based
3y zlgldsteold sty FeEo dAE s 23k A Economic Dispatch for Units with Non-smooth Fuel
ojty, aHA FHo Hojd FYe @AM Eem Cost Functions”, IEEE Trans. on Power Systems,
gagto g2y o] ZV)4H 2 IAFFHASE AT o Vol. 11, No. 1, pp.112-117, Feb. 1995
th &, 27l AGAEA7IEA F15Ake] ofle] gAY
& 3t "AHHHE TAol FHAII, 1 EHE 2V
2 FHo FFASGAYE o] 83t sE FETH AA
s R dEAZ F lom Fd dE g vt
Aol g& Arh E3] uatEASe HEA AT s
9g & goue AmH, AZA &2 A
5 d B
2 AT Aegdis 83t AEAEe dExF o & 2 (Z @ R
£ AlofstE HA sk Weks A AT 19619 49 1344, 1986 s &
EAGgr2E SAn g H43E ngse 3, AF A71eey 9. 19889 F digtd 7]
AsHe LU <t FASAAN HH7] g, e oty P (AAh). 19949 F digd A
9 % 2AAEEE xA4s aAEENS HAisg 71&ety £ (Fdh). 1989~1995d &=

AE71&(F) A771€H. A4 d3Fue
3 &5 2 o|RaetulE A7 R,
T FAoZ Ergon, Tel : 033-760-8422

o < < A E-mail : sklee@sky.wonju.ac.kr
da7t A9, GAS F Kl
9 z7|5He] oty ¥ A
th. welx ESE ol &% ASrt diitE dAHA
wAlel b A

o
ph)

o

2
o
XL

o
=
o)

vl

=)

)]

>

(o

2 e o
£

oo



