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BEE ALGORITHM/OPTIMAL POWER FLOW/FUEL COST/POWER LOSSES

This thesis presents optimal power flow solution using artificial bee colony
algorithms, by use the optimal power flow problems with Newton-Raphson.
Simulation beneath the condition loads to equilibrium. A study 3 objective functions,
quadratic cost function, valve point loading function, and minimize power
transmission losses function. IEEE 6-bus 14-bus 30-bus 57-bus 118-bus Nakhon
Ratchasima 2 and Central Eastern Electricity System 147 bus for test. Simulation by
MATLAB for search optimal value in systems. Set of optimal parameters with system
and compared to genetic algorithm, particle swarm optimization and quasi-newton.
The test meets that, setting of optimal parameters make fuel cost in the system
is valuable are down. For test comparison with artificial bee colony algorithms, genetic
algorithm, particle swarm optimization and quasi-newton, the answer is valuable
is similar to when consider convergence capability of answer artificial bee colony
algorithms capability that better genetic algorithm and particle swarm optimization,
by consider from the value standard deviation of fuel cost and power transmission
losses. The mean time in simulate optimal power flow solution be the fastest among the

genetic algorithm and particle swarm optimization.
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[~ a a a o
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Tl dariu a2 1dn
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S;,k _S;,k =(Vk)*ZYk,iVi (2.3)
=

Taoh  S;,.S,, Ao MdallihindanmaToasuiialvih uas Tnaaifa £ awddy
v, Ao useau Trlihinde &
= a s A 1 1 Y 7
Y, flo uoalauaugiiouaosznINTd k wazlia i
v Ao usaeu e i
* v AInTzidgaBadou (complex conjugate)
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SG,k = PG,k+jQG,k
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Yo, = ‘Yk,i‘éek,i

1
i

b

[

9
1 [ R A Ay Aa o
unua luaums 2.3) 92 ldanuduius luginnaged dail

Y,

i
)

20| £8) 2.4)

(PG,k _PD,k)_j(QG,k _QD,k):(‘Vk ‘Z_@f)i(
=

n

(PG,k — Py )_j(QG,k —Opx )= Z

i=l1

Y, V| L6, +6,—0,) (2.5)

Y
o o
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vzdedldnisudaunisaltenisiusey laslunfiezinaueisnisudilavinislvua
voaaa i dreszdiendsmsruseviindu-sdu
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9
Tugilifadan awaums 2.4) uaz 2.5) 1z 1a

(Pyy =P )= j(Qg —QD,k):(\Vk \4 —5k)2( Y, | £ 6?,(,,.)(\1/1. \4 5) (2.6)
=
(PG,k —Pp )_j(QG,k —Opx ) :Z YV ‘Z(Hk,i +5i _5k) @7
=

o Y
fvuald

Pos —IOsens =B s —Ppi)—J(Q6 s —Opy) 2.8)
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APk =Pk —Pus :f}y,k (2.9)

C

AQk =Qsch,k _Qz?a/.k = qu (210)
Tagi
Pk :Z Y ViV cos(6,;+0,-6;) (2.11)
=
Ok :_Z Y, ViVi|sin(6, , +6,—6;) (2.12)

i=l1

l¥52is035MImToVIdU-TIMEY UszuaramasyeIszUUaNMTNI o

M k+1 laq 0214
Jostt = DBy =AR +[Afp,k]T ‘Ax=0

AR, = —[Af,, 1 -Ax=0
o x=[5 v ffufe
0 0
AP, =— Tos g 5+ f”’kA|V|
065 a|v|
4 a4 e OP i &
140390 P, Hmnsh 9z1d Toi = s
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—_ aP cal k

80

aPcalk
AS+—==Al/| (2.13)

AP
g o]

Tuiueudenny dmsudida Wi sueann az'lan

anal,k A5+ 8Qcazl,k

AQ, =0
C= s o]

Alv| (2.14)

9

d‘ Y a d o 1Y (% 1Y Y aAa o [ Yo A
FINTUNTIWDT I NWINATNY mmuﬂmﬂqmamamwmu A8 TUIAU-5 T "lﬂmu

AS JL|J2 || AS
(2.15)

=M=J3 J4 m

9

I a ]
ansaewiumasng laaail

(OR OB . OR|OR OR .  OR
25, 06, a5, | alv] oy, ol
op,  op, op, | o, op, op,
CAp |00 95 o, |dv] o] || [Ad]
an | i i 2 A%
: ok, ©op, o, | or, P, op, '
AP a5, 05, o5, |y | | | A%
80|~ |2 @ . oo |ée oo .. do | |4
A, o5, 06, as, | aln| aln, AV A‘Vz‘
: 80, 90, .. 00, |00, 00, 00, :
a0 | |8 s, a5, | alv| oy, Al | | o
I N - I . N
co, %0, .. 90, |d0, a, a0,
o8, 05, o5, |qn| on| 2.16)
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Y q ¥ o A 2 o 3 Y] o A A
19 Tai midutiaauan 910aumMIVUU Hanh k=muazuodN k=m
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mIn3 e J1
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j?fk
OP, : .
35 =T sin(6,+6,—6,) %k (2.18)
WASNFE0 J2
5 Yk cos(@k’k) - cos(@k’j-l-é'j—@{) (2.19)
bl 2
‘k —‘kak, cos(6,+8,=8,) %k (2.20)
A3 N0 J3
90
a5k 2 VkV Y cos(é’kj-l-ﬁ -0, ) (2.21)
ﬁ"—'k
o0 .
a—({z— A cos(akﬂrai—ak) i#k (2.22)
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n

D=y y,, sin(6, )= |V ¥, [sin( 6, +6,~5,) (223)
%=— rylsin(6,+8=8,) %k (2.24)
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nladeu azld
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s 161 TasT s 1 2T ap1?
= + = + (2.25)
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Y
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o 1 a J a 4 1 ] .
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o 1 a 4
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o a 4 = Y o Y [
5) AIua3 N1 TagurnAY HasATUIVANNYNABIVOITIAU AS 1Az
AN | nmia
6) A & uay V| mlmilagsa AS uag AV| duaum
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Fuel input
(heat rate, fuel cost)

Electric power output

(MW output generated)
Synchronous
—>| furnace H boiler generator >
Steam generator

517 2.7 umumnmswaaiasau lihve s Iihwdanudeu

U
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Y

(power output) Hen Ideg lugaumsedisdieszrinedunavesinging Taun Usinanrwioun

1 2
T¥iuedna Taun sidsnunneld deae i

Hg,=a +biPG,i +ciP(§,i

A
o Hg;, R,
4 ] a {
1DIANA (output power) YDINUIWHAAN i

4
a A

a,, b, C, Ao duilszantonsnwuiou (heatrate coefficients)

Y o Y 1 dy a A 9 a A Y Vo Y
MmualiraauFeman s lumswaaliaumny 7 1maed 1 9 e

fG,i :TXHG,i =T(q +biPG,i +ciP(§,i)

(2.32)

Ao 03173 oUgNTU09TYINT (net cycle heat-rate) Az f1aa T

(2.33)
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16, :ai+ﬂiPG,i +75P(§,i (2.34)

=) 1 T 9 dy a ] a d' .
38N 5, 31 AMAUNUFOINGA (fuel cost) YOINUIBMIHAAT i
¥ Y
Tsa' I nitalssansoivuienmsnan lavaeriie uaazni1e0199: 1915 0Ina

9
1 a o [ a 1 g
ANFANY AU AUNUMIHAR 1A (total generation cost) ¥4 159 InlihTiAuTlu

Ng Ng
Fo=> foi=2 (ot +BPs; +7PE) (2.35)
i=1 i=1

] k4
e Ng Ao Swunmitemsnangoonauavedlsa il

v
9y A

o Ay = 1oy Jdo 1 dy a v W £ g ~
HUVIaeINIAU TGN AenFuaudemasgduuunynuduauaed Fadluies
% 1 0911 o oo 1 g a o oo [~ a 4 1 {
sUnvuniianniu Henduansomasenngaldilsddu i wsadudu o unuld mu nsdin
] a g v o oy J P . { o ) J
wiemnaniunuuninle1iimaie1a9 (multi-valve stream turbines) 84 9aNH1N131A187
o Y Y o Y = d?’ 1% J o 1 dy a K [l A o
wihldmsldwdsauanuouliigeun anvagvesilsnduangomadaliamunsoiazdiaos
9 o o 9 1 9 A A 1 [y, d v J dy a = a\ 4
Tasldaunmsiidesaela uavzldaunmsnisondt lenduandomanuigailanas
. o Jd v 1 4 a Jd o 1 g
21899 (valve-point loading fuel-cost function) 3o W anFua nForwdsgduunilenduluilu

Fadu guuuaumsuaaiaaumsi (2.36)
Hg,=a;+bPy,+c, P, +|d,sin(e,(Pg" — F;) (2.36)

i1 4
e a,b;,C,d;,6 Ao duilszantoanimion

Pmin A o o 7 . a A
G, o ﬂma”lvxlﬁmmw@mqmmwmamiwaw 1

Y 1 dy a [ o d o 1 di’ a
mﬂaumiﬂaﬂwmwmwaqgﬂgmuwvgumauﬂmrmuazﬂaﬂ%uﬂwmmwmgﬂgmu
7w T A o { ° v o
Handulidluradu daaadluaumsi (2.35) uag (2.36) Wnadensuassanuduiug
1 o w 4 [ 1 4 a [ { 4 o ] a
sendnmadlduerdwadvandomaclddegili 2.8 iedmualdniseniswaa i
[ ] =Y a a"' d v J dy a [ d' o = o W
808 1 VU8 UaNU52anTvoadlansuanFoImaIndni1s1en 2.1 a1 iuavas1nave

o w J 1 a 1 ]
ﬂ?ﬂﬁthﬁWLﬂWﬂV!WUﬂ\?WuﬂﬂﬂﬁWaﬁﬂﬂﬂ@giu%ﬂﬂ 50 MW —-200 MW
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sUnuilesFuanFemas a b, ¢, d e
NHUINOUA DI 240 6.5 0.008 182 0.082
Haddu lidlwsadu 240 6.5 0.008 - -
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517 2.8 HenFuansemawuunyumsuauaswazilandu hidhngadu
[ [ = v U
28 nsannahaddwihga@erveeds
A o @ % < Qy Y 3 1 A o
Womuraramasnseauaasaauud duaouae life msdiuimms Inaves
Arac lfriumedaiognisnszaievesnis lnavessias I finanieldnieda
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1n31li 2.9 Idgasmsannudsgavessidd il ugadoun Tnaluaedans ldaums

Y
fagie lil

* * * 1 * *
Sk = Skesm + Sk illine) — Eyk,;(sh)Vka + Vi Ve —Vv,

S _Eyk,i(sh) Vi +yk,in A _Vi)_Pk,i _Qk,i

Tuiueadenu

Si,k _Eyk,i(sh) 1V +yk,iVi ; _Vk)_Pi,k _Qi,k

v
sasnu lwihgodelumedsdnnnldad

Sk,i(loss) = Sk,i + Si,k = IDk,i(loss) + ij,i(loss)

(2.37)

(2.38)

(2.39)

(2.40)
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msneTnasedetlszudaduilymins Inasds Wiz igavesszuy i

'
v 1 =

Masee1anil Tasiasanstaasimad Iiesannaannnieaduiia luid lussuu T

o w Yy 9 a o A Y o A Y

masldtaunumnaa lagsuinganazszuuaesinnuluveuwanlaoany
wasanTsdlidmdsanudoundanilsniszneudroniitemsuandes N, niiae
] a usj 1 A 9 A o 4 A o U

Tagritemswanniuagnaoeud lntauisveslsdvduioiinmasie Tnaasiuves

sz Tagaseaanandlugili 2,10

station busbar
I 1 1 [
| |
Heg m : ex
fG,l | v |
| |
L —___ W |
Y ' B |
| |
He, m : B
fG,Z | U I
| | P,
L___%" =N \/y p=qj - |
| |
| |
| |
IR | | 1.1 [
| |
HG,NZ | m : PG’NG
fG,NG | U |
| |
L ___ |

~ o { | a 1 v W J
519 2.10 suudraesvesIse ihnlseneudientinemswaanednnuias

1 Y
1ng1l 9z 1dReu lymsiavesTse vl

Power Generation=Power Demand (neglecting losses)

Ng
D Ry =Py =0 (2.41)
=1
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9 a o Y A1 o A o A Y
Aunumisnan £=7(p,,) Tumsiinudesiimdiige Wuae sz laglunyves

Tyl
Ng
Minimize Fr= (B )= ) foi(Bs)) (2.42)
=
Ng
Subject to D B, =P, =0 2.43)

=1

o A A ' 5 a A o o
Pyrraenarniisendn JaymiannuiziganuuiiTouluifafy (constrained
optimization problem) TaglFimatinmsudilymiannuiziiga vz ldnamasvesilynuiioga

0 =g Yy a o a
“I/IN'I‘LJ‘IJEN?%‘U‘U%iﬂ@IU‘IQUﬂﬁNﬁﬂﬂﬁﬂ’s’!ﬂ

210 mslramadluhumanzige

o w { { v o d a o 4
n3 lnavesdids lddunuizigansenisonsiuAnyiai eeddiamiies lwad
4 : a o J
(optimal power flow : OPF) N509n¥eN Ao oolUavalvaalnal (optimal load flow : OLF)
o R I 1 ' [ TR
(11-14) gninaualag Carpentier 14 1962 tHlumsAnyINIae Inanediallssndailuilgm

1 ~ Y A o w Wd‘ v W B F) 1 o o a
mmmwﬂqwmamunumswmmaﬂﬂ% ﬂ"lflsl,gl!Q@ulIMUQﬂUﬁNﬂWiﬁuﬂslzﬂ "l,mm NIANHAA

9
S A

iy Twaauaniias Iihgapde Fasrda luihgapdetiduwanianms Inavessias i

' [

Tuszuudasie msdsums lnaddeTwihawmademias luihgapdeluszuuTaease Wu

A

A U L] 1Y 09.:‘ =3 9 a ld‘ v o
Ao N13919 Inaaedlsendanu dalaziosanloulvrarolszns uaou lytdy
aunszlFuuusiasssida luihgapdeluglediedio mu Heddunyumsuduass Heddu
TidhuFadu SadmsudilaywidromssieTnanedinlszdarzdhisnnnnii uaveyamslua
vouialidrvzniell dawansznuaeilyninisinuiszauusidun1sniuves
[ 0911 [y A Y [ o w a 1 v o dy
sz aariu dyminldnanmsaugavestidananlugdvesnisiie Inanedelszvdail
A
Arsunawiziiasdidese dewSondu q 11 Janinisdaasssiaaluilies
(problem of real-power allocation ¥138 P-problem) 18 lanansdaassideliihessnnnuqe
a 1 Y Ao o oA A [ A
nskanvoelsa ldihare q uda dyminddgydudesiuuinaenisaruguns Inaves
faglwihanaaninlsdluih U Tnaaruszuu Tassesias laih 1 sas lwihgande

c‘ d‘ [ d‘ L% 1 [} 1 d' ) A d‘ dy
I@’I‘c’Ji’JiJGI"I‘VI’qmlagﬂﬁﬂi%ﬁ]"lﬂsllﬂﬁlli\iﬂuﬂﬂﬁﬁ'lfl i ﬂqagiumammwmwu@ ﬂﬂJuWTﬁULUENu
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= 1 U v [ [ = = . . =)
Fond1 JayninisdaassdideladrSueniivl (problem of reactive power allocation %35 0
o o A @ 4 1 @ @
0-problem) Tagazdmuamsisulasuaindsniugu Tdun vinaussauvesianiugu
[ 1 A ] o w 1 < 9 ! 4
usaua1e q Anszarged luszun Iiidids dwnundendasluszu drginsaivaise

siaa IS uenividalnaa nSegtnsaisaeais o 1udu meldmsudilamanning

= Yo o A

g Taomgamnuildiaslwihgudedesige 0195 endnvontien Jymiasgande
1 v 4

1o87ga (loss minimization problem) Hag1iuil szuu Ivihddsdudounniiu Jaynssdu

anuaziadesnIMus I uunuImes un lumsihnuuenmionniou lyvesnisiiau

1 4 a 1 dy
GEANIERA L wmﬁmmmmumwm@llﬂu

Optimal power flow

(OPF problem)

:
' l

Real power dispatch Reactive power dispatch

(P-problem) (Q-problem)

1 2.1 pluvvesilymms Tnavestias lwiuminznga

U

Hamims lmavesdrds lWihmngigasaunaeneeniluilaymides 2 flyndes

4
v A

(real and reactive power decomposition) ﬁ’e’)ﬂiﬂuﬁ1 P ngﬂﬂfm 0 c?aa%ma"lﬁ’mu
2.10.1 mM3daassmadiiitha3e (P-problem)
mssaassmas llfhasudumsmawmnsiigalaslddunumsndmiu
flafdusaguszaed nazldmdaliihesefindaoimasossuidaldudududs
ATUAN (Control variables) 33 uiianrunuuaziageds awdvndonas ifudauis

{ 4 a o A <3| Y Y
AN (Fixed variable) 1o 14 Iddunumswandinga dgluuuvesilymuiuasil

Ng
Minimize ZF’ (F;;) (2.44)
=
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NG
o F(Rs,) = Z(ai +bP,; +¢,PZ, ) WesnFunyuududuaes) nie

. 1 Yy @ 1 3 a
F(P;)=a;+bP;,+c P+ ‘dl. sin(e; (P — Py )| (andu lidugadu)
Subject to Ao aumMsms anaa lvlih
[} A o w a tﬂl ) a 1 a 1 1
audsmuan Ao Mawdamaiessuiia ldihanmitenmsnandosais 9
I~ % A A % o o w o 1 [ <
Wudwlsasi Ao vinaussautianiugy vunaias Ilihwvesiisareais o Ay
9 A A

wilouag H300u 9
% A (% Y [ 9 1 o w G
dulsaniug Ao vinausauvetid Inan yuddussauvestiaais o Mas a3

woninveuniaasuiia v

worsanszuy lddadids N, Ta waziisiuauTsedns i luszuw

1) szuy Irhiiswoau Voltage controller bus 91431 N,

2) szuu lihdiswnuRundenas S1uau N,

3) szvv Wi iTadeos 1 a7a
o Y <
smuald u dudulsaivgu uas pilududsaed u—[PG’i}ng p:|:V Vs TJ
Tagh P, [ [Pg;“j“, g;‘} i=1,2,.,Ng—1

min max R 7

v, U [Vj Ns J i j=12,.,Np,

7, U [J;mi“,Tkma"} k=1,2,...N,
v O vy

We V™ V™ fe dadiiad

[ %

AUAFIYAVDITIAUNTANILAY
9

-2

T T™  fp dah ﬂéinmuazqaqﬂmmgmuwmuﬂm
=
)

V min V max

ref 1 Vref

e lihgapdeluszunldnmsduaninramasussau Iivesns

Aruramatnaons lvaveadiae Iy Tunuiendiudr suraussdutianliuqu
o w o ' ! < 9/ A A 9 ° ) A A

namaa Ifhvesdisaenis 9 Aunuvdoutas niedu q azdssgniualiniivie

1 v
Wudulsaei Tasdulsmarfivzgailsuludmvesmsudilaymsds iSueniv
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2102 m3vaassmadinihSueniivl (0-problem)

=

mssaassnadldihsuenividunmsmiauninzigalasldmsgade

9

o w < -2 J v A o @ a 1 3
Arae lihaesszuuiuiledFuiaglseaed ussduntanlrvquuaziadiede Ay
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witauaufludunlsnrugu side T iraannniesduiadiudulsai e sz

Y
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uiasgayaedrgagdunvvesilaruiludai
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Minimize Fou =D g V2V =200, cos(5,—8))} (2.45)
=1

i ﬁ154”1W1711qﬂuu§ﬂiumﬂdqﬁwm
N Ao fwnumsdaianug

Ao WAvo ST UATH i Ay 1d
5.5 9 gmmuiqﬁuﬁﬁﬁ ivag Ud j

g deamah lwihoimia i T e
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% v @ o w Y J J 3
awsaauan  vnaussaulaaiugy anaias lnihvesdivameas o Ay
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wionlag vsodu 9
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o 1 { y 1 o ° o a 4
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v A . . . Y o v o ~
ﬂ181ﬁlﬁﬂuhlﬂlﬂ’3'lﬂlﬂﬂ1$ﬁu (Optlmahty conditions) ﬂWﬂTViuﬂi‘Vii]ﬂﬂW]E]‘Uﬂm%WﬁN
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0 X aldh
* * % * 1
fO<Lf(X+p)= f(X)+pTVf(X)+5pTV2f(§)p (3.2)
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u

Taeh

P
i{] 1 o ' _ *
& umIsniNgn X=X+p

X yadmganaaaull
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A

d” =1 A = (=] A 1 o 1 3| ° 9 A
Souluiifeuloulufeon liifieanonzszyingaanarniugadigala iesain
* Y A 1 o J [~ A . . <
Vix)=0 vonldifiesitgadanalntdugavigaiia (stationary point) 019921 uga
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=

MNeano Sen1 130U lviflganod UA VA D9 (second-order sufficient condition) 130 41U

Vf(;()zo adluaunisii 3.2) 92 18aums
F(X)= 1+ D=1 00+ VD (33)

va ° * * o Y oA {
NNAUTNUAVDIYANGA [ (X +p)> f(X) Mldnainaesnnanile luaumsi
1 [ o o 4 Y o * 3
3.3)AeeliArwinnitgquilerzdeandesnuilouladl ude V2 (X) douiu pds
o * o [ 1 3 a
(positive semi-definite matrix) WU Ao v/ V2 £(X)yv=0 d1u5un19a1v09 v uaziduase

sy v V2 F(Ev=0 de i HSZ—X AT 9

9

gaiuduaen p Wimmzauudia & awwnlad x wufisanenozsulseiulan

* ' ' v
(X< f(X) Farou'lutlisen second-order sufficient condition
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% [ 4
(3.5) FUTINN INTASUNNADS (Gradient vector)

a_f: (i=1,2,...N (3.4)
0X,
130
V= af,af a9 =0 (3.5)
0X, 0X, OXy

o a § a L4
Tumsudilyminzinisine135n1saun (Search method) 11 1HWe AT 12 H
~ A [~ a Y Jo o =B d‘dy o Y
lunsdinanuludlugaduaesilensuinglszasninigs Tagluntazinauenisdum
b4
IN31A8U (Gradient search) Az 321UoITHIAU (Newton’s method) AN IAVAIL
ad . QSJI A o 1 A 9 Y v Y
A1U35N15909 Gradient search Hutiod1vuaansuauldnudius
4 H ]
o o o 1 = . Jd o = )
AVAN X 1nTuRIMsMuIuANnNsReu (Gradient) ¥oIilanFuamaunIs (3.5) ol

Y v
asgadineuluseumsmnuassae ldaweaunsi (3.6)
Xy =X, +aVri(x,) (3.6)

M a duldannmsitillsunsudosnsAuruFudu (Line search subprogram) Mgy

E4
Jaymiaqil

Migi%ize Fl@)=f(X,TaVf(x),)) (3.7
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a a J
75 n137 Gradient search # 129 AAANIINITA UK (search direction) H5 0 1IN1ADS p

mmmmiﬁ (3.8
P =Vf(X,) (3.8)

. ) o .
lugunsi 3.8) Wumsudilymdosiioniirsdfmungay (Step length)
£ ~ dy 9 ° a o & o Y

a #aluvate q nsal nszurumsiiennldnarlumsdriurauanuanysuily sldas
Y s a a 1 d‘ 3 ds’ 1 1 Y d' dy d‘

unlgyur bifidsednsammiNeig MeflgayanuIeueIn1I IR NIz aNiiNe

(% [ 1 o Y A 9 3 1 [y Jo v 4

Sudsziunlunn q seumssiuiamunszuiumsaurii iy avesilanduinglszasn
=

iimanag

A
1 @ a L4
Tua 199 Newton’s search method 14 ﬁ]gcl%}ﬂ1i'3lﬂ51$‘ﬁﬂ1§ﬂ'i$ﬁ]WfJE]HﬂﬁiJ
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o d 3 o 1 9 = 4 o J v ~ ] oa/’
voundranstduvan Llﬂﬁ]zalcb'ﬂ']ﬁﬂﬁgNTﬂ!ﬂQWﬁ]uﬂl@ﬁ@ﬂWHﬁ@uﬂUﬂﬁ@ﬁlﬂTuu

AaaUMIN (3.9)

T+ ) f(X )+ pﬁép,f V21X, (3.9)

[ v

{ LY [ @ 4
A1UIUA Gradient VOIAUNITN (3.9) 1BUAY p, vz ldnnudusiusau

2
~

Aumsi (3.10) A9
VIX, +p)=VI(X)+V (X )p, (3.10)

ad dy o 1 o 1 A v A A~ 4 [
Taedinistinianisiiganinouae lUNAunufeyaiaoandoeny

Gouly vrx,,)=0 duntusgldaumai
VI (X)+VF(X)p, =0 (3.11)

e =—IV? (X' VF(X,) (.12)
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v v v
unum p, NNTMIN (3.12) Tueumsi (3.14) vz 1Al

PiVA(X ==V (X ) [V F(X )] 'Vi(x,)<0 130

VXD IVF(X )] Vi(X,)>0 (3.14)

4 o { o 09./} — I
e Iaeandesnuannisf (3.14) aatiu [V2 £(x,)]" deuilu pdf(positive
— 1 I a 4 1
definite matrix) 1A8YZITON [sz(Xk )] Pantlute i @eunasng (Hessian matrix) 1UNT I
o ~ a 4 9 A 1 1 . . o Y [
Mg Fouuaing ldnasonu1f liuliueou (indefinite) 928114 nszu1un15 lig
Y o 3 9 [ o 1 = a 9 . A
11 a9tin aeellsulge TassiimslszanaaeaFeumaTng @28 pdf matrix NRWZ AN
Y Jd v y VY]
322 maudilymewmngiigavesilaniulailwiadulaesiieouluisfuaums

J 1 Jd o g a 4 v
udtlgmiannugngavesileandu luidwFaduTaelineu lvisduauns

e
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1 [ E4
i inetuiedmlsmugunld ldawisaldsunlasat lded1edase msud iyl
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v ] v v Y
Juaouvedrunnd I uazie ldmsudilymioglugdununa 1l luadlddwmuag oy

v { v 1 a3 Aa 9 4 Y I Y] {
Az dgavesilandu liithugadulaetitou lviinuaumadudeannisi (3.15)

Minimize f(X)

Subject to g, (X)=0 ;i=12,..Eq (3.15)

A o

We  Eq e swau@eu lviisduaums

g, (x) fe QoulviisAvaums
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4 v o I ' 4 v o L o o {
Aoulvifsruldiduilyvwnuy lifiSeu luiiu Tao l9landusesainsosd (Lagrange) Tagh
d‘ v @ Y =Y 4 1 9 ) 9 o o W J
Rouluisruaumsdeslidinuuesainsossguod udniluandhiuilsdduinglsz e

A9aNNITN (3.16)

Eq
L=f(X)+ > 4g,(X) (3.16)

=

]
=1

d‘ dﬂl 1 [ = | d‘ % % 1o %

VInaunsn (3.16) 1 Pyiezed lugduunin ludiou lviidy uasuaud,
n sy AU 1uIn e aIow Il AUHUUENN1T TUAD S1uIUYB IS X
Y] 4

Y ) A ~ . . .. Y ]
VINA20 §1UIUV9 A tazain@ou lumunziga (Optimality conditions) 32 lan1uduWus

Y
Ay Iae 11l

oL(X.A) _of(x) | K4 0g;(X)

+35 A 3.17

ox; ox; ,-;1 / ox; (3.17)
OL(X,A)

— =5 (X)=0 3.18

oL g:(X) (3.18)

1
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Jdu a
323 msuntfymawingiigavesilangi i adu
= d‘ U U
Tagdideulviisueanms
2 1
Jymluanvuszil Tasdnaltouilnveaumsazeglugdvouwauesduls
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AN 1Y vouaveshawannsossuila llihuaazds iWudu sluuomsudilamn

1 A o o IR a 9 A v o IS @ A
Az Ngavesilendu liidugadulaetitou lvilueaumsduasaumsi (3.19)

Minimize f(X)
Subject to g, (X)=0 ;i=12,..Eq (3.19)

h(X)S0 ;j=12,..1q
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(3.20)

d‘ dy 1 d' = d‘ - 1o v
Mnaunsn (3.20) 1 Jynnzedlugduuun lifiTou lviiny uasuaudy

wilsazmudnu Mt us Iave uIou llsdunuuaun vt aveulou lvafafy
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Hih (X)=0& u; 20
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(3.22)

(3.23)

(3.24)

tﬂ' 4 3 1 = Lﬂ'
INTUNIT (3.23) N?JL!UI,GU‘UQﬂ‘ULL‘U‘U@ﬁ‘JJf‘l']ifﬂ“’ulilllﬂﬂﬂwm’ﬂwa‘llﬂﬂﬁllﬂTi

(3.23) 3Jﬂ"|ul‘JJWI'lﬂ‘]JﬂufJ agae ‘1/1111(? u, =0 Lmﬂ1ﬁ'3Jﬂ"li°Vl (3.23) mWﬂUﬁl‘lﬂN@ullsUU\iﬂU

aauMszueniil uag M, >0



44

Jd v a a
33 mamdtymawmingigaveswanduliilud adudeszidionds
Y a o
AMetIfY
Y v 9 = ara o Yo a ~ o Y
ﬂ'lillﬂ‘ﬂiy,ﬂ1ﬂ1§QLGU161]@\15$Lﬂﬂﬂﬁﬁu3@uqﬂiﬂﬂ')13\1ufllliﬂﬂ‘ﬂﬂ;ﬂ Ltazgﬂumﬂﬂu

o [

nsudilymianvuziiganuu liitew lvdefy 18ud szifou33adreiafu
(Quasi-Newton Methods) 11l 040 1n e aui@n1sgid1fisaais anumiFadusasin
(super-linear convergence) t1azM35UszAUMIgI1ve9gaiino wennfiszifoniimant
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~ Jou W A 1 ~ A v [ dy 9 a
ﬂsmmmﬂm%umuﬂﬁmmmiﬂixmmﬂuaﬁmmmamgwuﬁ wavaeel lunaila
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Faduavasae il
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a = =) ag Y A o [ v v =2 aal =~ ada
Hewisenszieudsaaredrdudiviudnlsviainii sl uIsHuaua
[l < @ aa 1 '
(secant method) 8814 15A0 1w Tunsdlvesdnilsnateia JUuvunsiszuaniszeglugll
v o Jdo 1 g
ANuduIuTaIae 117

V2 f GG — X ) RV ()= V (x,) (3.27)

W B, tnumsdszmnannemdouainain a1

By (o —x) =V ()= VS (xp) (3.28)

Y o Y 9
nfmuali s, =x,,, —x,, 5 =V (x4~ f(x,) v lan
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B8k =i (3.29)

~ dyl = J .
ITINTUNTUNTUNTHUAUA (secant equation)
1 dy [ [ A a 4 = YA va
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Q(x,p)=p.yig(x),h(x)} (3.35)

v
waumsUsuInyeve lsiadsusane 1l
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J o 1 %
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1 1
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B P inMW) P MW) a b c
1 5 30 0.0187 1.2000 55
4 5 30 0.0275 2.1750 35
6 5 30 0.0500 2.1250 30
8 5 30 0.0417 2.2250 80
10 150 500 0.0135 3.1430 125
12 100 300 0.0125 3.1250 60
15 10 30 0.0276 2.1950 54
18 25 100 0.0220 2.2200 45
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3 G ERRTGREANE) TulszanFaunusenag
e P is(MW) PG MW) a b c
19 5 30 0.0318 2.1250 36
24 5 30 0.0125 2.1300 90
25 100 300 0.0365 2.2300 83
26 100 350 0.0156 3.1430 44
27 8 30 0.0333 3.1400 120
31 8 30 0.0225 3.1550 66
32 25 100 0.0350 2.1600 82
34 8 30 0.0125 3.1450 44
36 25 100 0.0225 3.1270 35
40 8 30 0.0165 2.1520 60
42 8 30 0.0175 2.1750 35
46 25 100 0.0450 1.1250 30
49 50 250 0.0315 1.2250 35
54 50 250 0.0225 2.1430 40
55 25 100 0.0135 2.1250 75
56 25 100 0.0276 1.1950 54
59 50 200 0.0220 1.2200 80
61 50 200 0.0318 2.1500 60
62 25 100 0.0125 2.1000 90
65 100 420 0.0365 3.2300 83
66 100 420 0.0156 2.1450 50
69 80 300 0.0352 1.5400 110
70 30 80 0.0525 2.1550 75
72 10 30 0.0350 2.1600 82
73 5 20 0.0125 2.1440 95
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74 5 20 0.0213 1.7700 50
76 25 100 0.0187 2.2300 135
77 25 100 0.0275 2.1750 65
80 150 500 0.0325 2.1250 70
85 10 30 0.0417 2.2250 50
87 200 650 0.0125 1.1540 115
89 150 500 0.0125 1.7250 75
90 8 20 0.0276 2.1950 70
91 20 50 0.0220 1.2500 65
92 100 300 0.0318 2.1250 100
99 100 300 0.0125 2.1350 90
100 100 300 0.0365 2.2300 83
103 8 20 0.0175 2.1250 70
104 25 100 0.0335 3.1450 120
105 25 100 0.0225 3.1550 80
107 8 20 0.0350 1.8600 55
110 25 50 0.0125 2.1450 45
111 25 100 0.0225 2.4500 35
112 25 100 0.0135 2.1600 85
113 25 100 0.0125 2.1550 40
116 25 50 0.0115 2.4500 65
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Fuel Cost $/h

10

Number of Iteration

BFGS|-
— — —PSO
GA |
— - — ABC |
__________ T —
1000 10000

100

10 5.14 nffeuieumsgunvesiineuvesssuuNadoUNIAT U TEEE 118 1id

H A
A15199 5.20 ANFOINAIVOITZVUNATOUN AT 1M TEEE 118 1id

ANFOINE ($/h) ]

. — AR
7% . ' e GABTEASTITR a4 e A

Adga ANgaga Aundy mae (i)

MATFIY

BFGS 46167 89080 63578.5455 | 14211.4862 | 19215.5000
PSO 44388 90166 69178.2927 13085.9220 1922.2375
GA 50365 89410 63755.4333 10331.6743 16667.4333
ABC 43885 56156 50424.1333 8534.8029 998.1711

M3 5.21 MAsUe AN Mz NgAUeITzUUNATOUNIATIIU IEEE 118 1id

5 G ERRITTGREANE) ﬁwé’mmmﬁwmﬁmmzﬁqﬂ (MW)

" Pg,.(MW) | P, (MW)| BFGS PSO GA ABC
1 5 30 9.4000 21.6285 25.7247 5.0180
4 5 30 8.3000 9.1188 22.8824 5.0104
6 5 30 19.8000 11.0956 27.9832 5.6024
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M3 5.21 MEIULIANATNININENGAVBITEVUNATOULINIFIY TEEE 118 17d (D)

5 AU IANA ﬁﬁwmzmﬁvmﬁmmzﬁﬁm (MW)
e Py, (MW) | P, (MW)| BFGS PSO GA ABC

8 5 30 27.4000 | 23.9507 7.1229 5.2500
10 150 500 341.9000 | 3202773 | 388.3207 | 429.0755
12 100 300 227.5000 269.3840 245.6153 193.2429
15 10 30 30.0000 16.7927 21.7406 10.0198
18 25 100 86.4000 27.0011 84.4360 38.1576
19 5 30 18.7000 | 11.1377 19.1789 6.1380
24 5 30 24.9000 | 20.9534 29.4770 5.1557
25 100 300 2472000 | 2389262 | 160.4308 | 102.5491
26 100 350 293.7000 | 257.1794 | 237.9644 | 349.6995
27 8 30 30.0000 18.7149 21.4504 10.3415
31 8 30 25.3000 9.0827 11.6374 28.7690
32 25 100 82.0000 66.0107 86.0655 99.8888
34 8 30 16.9000 14.4202 13.8489 23.8245
36 25 100 25.0000 | 80.6071 89.0706 | 51.7227
40 8 30 18.7000 9.9171 24.5312 8.8782
42 8 30 9.6000 7.9983 11.3907 9.5942
46 25 100 63.0000 26.2118 90.3110 28.9103
49 50 250 140.2000 177.0499 240.1166 75.7981
54 50 250 50.0000 116.7657 232.3928 91.9603
55 25 100 70.7000 53.679%4 72.1043 26.8492
56 25 100 433000 | 27.0865 47.5535 | 28.8618
59 50 200 1722000 | 71.7282 | 186.1124 | 59.0143
61 50 200 82.5000 | 86.0261 181.4056 | 63.6598
62 25 100 94.6000 84.1259 94.6010 90.7911
65 100 420 238.3000 237.1809 396.6095 103.4930
66 100 420 420.0000 246.8515 383.5674 376.7031
69 80 300 252.9000 282.5297 278.6976 152.4151
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M3 5.21 MEIULIANATNININENGAVBITEVUNATOULINIFIY TEEE 118 17d (D)

Mdga | Agega Sdaednafivinziiga (Mw)

Fo (MW) (MW) BFGS PSO GA ABC
70 30 80 40.7000 | 55.9401 79.0906 | 30.4487
72 10 30 15.2000 | 10.0139 29.1648 | 13.8533
73 5 20 18.2000 11.3816 11.8244 5.0904
74 5 20 12.1000 10.7879 7.9468 17.0558
76 25 100 56.6000 40.9969 44.5779 25.0809
77 25 100 100.0000 | 45.5125 94,0251 | 25.1317
80 150 500 216.3000 | 295.7033 | 257.0482 | 458.7402
85 10 30 29.0000 | 20.9529 28.6561 | 10.1563
87 200 650 443.5000 | 486.9172 | 237.1349 | 202.0131
89 150 500 488.9000 358.9955 452.8559 469.9277
90 8 20 20.0000 8.2004 12.3067 9.6118
91 20 50 21.4000 28.7786 34.7194 22.2673
92 100 300 255.5000 264.4145 217.7367 106.1516
99 100 300 274.4000 | 191.8326 | 131.7235 | 280.6127
100 100 300 300.0000 | 120.2575 | 2743755 | 100.0618
103 8 20 19.8000 9.5491 17.7208 | 14.1967
104 25 100 25.0000 47.2729 68.4946 28.9349
105 25 100 30.3000 57.0908 96.9900 97.0010
107 8 20 8.0000 8.0210 15.4392 8.3343
110 25 50 25.0000 39.8349 25.1939 25.3297
111 25 100 89.7000 | 74.8774 84.0709 | 99.6363
112 25 100 722000 | 68.1635 98.8938 | 27.4191
113 25 100 86.7000 | 35.7836 98.4316 | 99.8111
116 25 50 30.9000 46.3513 41.5467 25.3787

Total Generation (MW) 5849.8 5181.0619 | 61923113 | 4688.639

Total Load (MW) 4242
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144 200 350 30 2.1250 0.0500
145 210 356.5 30 1.1250 0.0450
146 210 356.5 30 1.1250 0.0450
147 300 717 36 2.1250 0.0318

[ [ Y ]
UL - VO ULUAVDIUVUIALLITIAU mwwflwag“lwmq 0.9-1.1 p.u.

1 < 9 o Y '
youavednwnuridonilad fuualvegluge 0.9-1.1 p.u.

Vo o w = & = =
ﬂﬁ‘ﬂﬂ’d@ﬂﬂﬁllﬂﬂﬁlﬂﬂﬁqﬁﬁ"ll@\‘iﬂW’ﬁ\‘]U]fV\lﬂﬂﬂlﬂgﬂ’(ﬁfﬂ NI UBBINAINAN

v Pl
a J

d' 9 Y =) = a =) = [ = as 9 a o an 1 d'
wqﬂmﬂmummﬁajﬁmﬂimyﬁ L‘]J‘iEJTJWIEJUﬂUi%LUFJ‘U']‘ﬁﬂﬁWEJH’WIH ATNITHIAURNIZNGA
ans a Y] Aa R o % 1 a 4 1 an Y [
ﬂlﬂdd\‘]ﬂlgﬂWﬂLLﬁg’J‘ﬁi]ulu@ﬂ@ﬂﬂ@i‘ﬂil Tagiimsdsummsumosuaazls MMz auny
[ o A 9 o &Y 1 tﬂy a g Y
ﬁ%‘]J“U‘VIﬂﬁ’E)‘]Jﬂ1§ll1/‘h?11ﬂ1?1ﬂaN@]Z’Ju@’ﬂﬂsUu'lﬂ 147 Ve o lsensuanyomauduilengu
o [ £ o Y o [ 1w A
NHUIWDUAD T FIUMINHUAlEnaUmMsUSu InymIAy 1000000 AUADIAAADUVDY
o ~ [ P =] [ Y 1 o Y] =\ Aas Y a @ o 9
ﬂ"l'iﬂWU’Jﬂl“VlfJ’t‘)iJS‘UllﬂﬂJﬂ']WI']ﬂ‘U 0.0000001 UAd M5 UTLITIVITAAEHIAUAIUA 1A
A A o Y Y ' ] a A Y A o Al
ﬂ?ﬂJﬂﬁ"lﬂ!ﬂﬁ’l’)i!“l/lfl@iJi‘UUlﬂiJﬂ'lui’)t’Jﬂ’N 0.0000001 gNLIUTSLVIVITAAIUIAUNATINIUY
A o = o Yy 19 1 -10 1 a J 1
ﬂﬁ?ﬂlﬂﬁ@l&ﬂlﬂ\iﬂ?iﬂWU?ﬂ!ﬂﬂ@Nﬁ‘Uulﬂ‘JJﬂ'lu’é]fJﬂ'N 10 UAZATNITINADITIANN € VOILADY

as o <
5 ANFNTINN 5.23



107

{ J a 4 a, 1 a ) o
GﬂiNﬁ 5.23 ﬂ'I‘WﬁWMLG]’E]iﬂlﬁ]\‘l’)%ﬂﬁﬂﬂﬁﬂﬂlmag’)?ﬁ ﬁﬂ’ii‘]JiZ“lJ“lJ‘V]ﬂﬁE]‘lJﬂﬁ]lWﬂ1ﬂ1ﬂﬂa1\‘]

AZIUDDNVUA 147 Ud

BFGS GA PSO ABC
Iteration < 10° Iteration =10000 Iteration =5000 Iteration =3000
Population size = 90 Population size = 20 Population size = 10
Default Crossover rate = 80% | Acceleration constants = 10 | Abandonment = 100
Mutation rate = 20% - -

dmsunsnadouuaazlsiinianaassguanIuduiuana1anusiuau
z 1 aaA o :JI "9 o 3 Qall (% dy = an 9 a [}
30 AT9 uAazAITNIIMIuAT IumMsgEiIA Mo UIe 30 ATY A sTITisITAA18IIA Y

A ] A
imsgdimidaey 14 A5 AMamanzigavesdsoynalinisginidine 27 A5

ana a @ 2 A 19 o :JI :JI an dgl a = v 9 o
ITIUUANDANDINNUNITYLUINIAINDL 29 AT "U‘Hﬁﬂuﬂ‘ﬁf{J\‘iW\‘]ﬂ‘i%ﬂ‘l&lﬁhﬂﬁQWWﬂWﬂW}@U
F v '

Fl
o o a a J ~
14 30 A59 MIgiinvesfIneuNANgaveImMIAINAIeTUA I ATz AYT oo

q a3

a
Pl
9
1 9 o A
U
Y

a [

(% = ag a % ag 1 d‘ adaa Aa R
NUITSIVIVITAAIIUIAU ﬂ‘ﬁﬂ']iﬁ']ﬂ"lL“HNW%%QQ%@QQQ@HﬂWﬂLLﬁ%Tﬁ%HL‘Ll@lﬂ’f)ﬂﬂ’f)i“l/lll

@ ~ 1 dy a o A o w J A A (% ~
@NE‘]J“V] 517 AUFDUWAIAIATT NN 5.24 UAZTNIAINUUBIAWANLUNUIENTA AINT1TINN 5.25

q

tazviaus IRz a9 5.18

BFGS|]
— — —PSO ||

GA |
— - — ABC [

—_
» o
T
e i
|

10 ¢

Fuel Cost $/h

6
10 ¢

TR ———

1000 10000

10 i e
1 10 100
Number of Iteration

P = = v 9 o
gﬂ“l/l 5.17 L‘]JSEJ‘UWI‘EJ‘]JﬂTiQL‘IJT’U’ENﬂWIE)‘LI“U’ENﬁg‘]J‘]J‘ﬂﬂﬁ’@‘UﬂﬁllWﬂWﬂ”lﬂﬂaN

AZIUBONVUIA 147 Va



108

1 Y
A15199 5.24 ﬂTL%@LWﬁQﬂJ@QiZUUW@ﬁ@Uﬂﬁhh/\lﬂTﬂWﬂﬂﬁNﬁ%’j}u@ﬂﬂﬂlu1ﬂ 147 U

ANFOINE ($/h) ]
— — 1IINTAIUIN
g o , .4 AUVYUVU- FE
1A1gA YA AUNaY may AUIN)
1AIU
BFGS 88608.3266 | 195932.5821 | 108413.2575 | 32408.1788 23514.1429
PSO 88027.0000 | 112596.0000 | 94764.9655 4449.4701 5889.3031
GA 88276.2162 | 105010.8505 | 93424.6573 4452.8444 19515.4815
ABC 86986.3875 | 96808.8558 | 92275.3550 2683.2750 3536.3833

@ { a 1 J "o 1 4
NV - am‘mamﬂﬁﬂumuummmami U.S.A1mn1d 30.81 U @9 1 Aaa13 US.A

2 U 19 gaau WA, 2554 1971 17.08 U, ($1999910 FUIAITNTIA3)

= o w 4 { = o
$13°19N 5.25 fﬂﬁ\NWULE]WW!G]‘?]LW?H%T]@WU@Qi%ﬂﬂﬂﬂ’d@ﬂﬂWithﬁWﬂWﬂﬂﬁNﬁg’Juﬁ)ﬂﬂ

YUIA 147 Ud

5 AdnueIANA ﬁwé’wmgmﬁwmﬁmmzﬁqﬂ (MW)
o Py, o(MW) | P, (MW) | BFGS PSO GA ABC
139 300 717 715.2982 716.4611 711.4665 712.8581
140 240 600 599.9936 598.3085 599.9868 558.6376
141 240 600 599.8262 599.9616 587.3794 599.6881
142 220 550 549.5840 547.2088 547.1472 409.4264
143 220 550 5264719 | 529.2513 549.1110 549.6331
144 200 350 348.6637 | 347.2354 347.8239 325.1350
145 210 356.5 356.3224 | 352.3929 355.3524 356.4019
146 210 356.5 356.4134 355.8136 355.8864 343.3854
147 300 717 650.8712 619.6422 639.2363 707.0082
Total Generation (MW) 4703.4446 | 4666.2752 4693.3898 4562.1736
Total Load (MW) 4189.7




109

[[_FGS []PSO I GA Nl ABC|
1.2 : : : : : : : : :
11} S

09 il .
0.8}
0.7}
0.6
0.5}
0.4 |
03}
0.2}
0.1}
0.0

Magnitude Voltage (p.u.)

139 140 141 142 143 144 145 146 147
Bus Number

;s,ﬂﬁ 5.18 nleuievvinaussiuvesszuunadeums ihnanaag Jusenvia 147 17d

D.

4 v k4
HANISNATOURINITFUANTUAUNUANAIAUT 1MUY 30 AT9 9 1ngUR

=\ = v 9 ) A A 1 an = v 9 o d'c; A
5.17 L‘]JiEJ“]JL‘VIEJ‘]_Iﬂ”IigﬂﬂﬂlﬂﬂﬂW]@‘]J“]/lﬂVlﬁﬂolulmag’J‘ﬁ WUNUNITYUIHIAABUNAINEGA

q

]
=1

Y [ 3’ as d? Aa  Jda 19 a Iy as ] A
Glﬂmﬂﬂ\‘iﬂu Tﬂﬂmummqumﬂimygumigmmmqﬂ ATNAIY ITNITHIAUHNICNTAVD

A

feounin ABadreindunazisiviuandanes iy enasameoun ldvinmsdiuialu

~ 3 an 492/ a L=t Y A Y o A o 1 aa A
M13194N 5.24 mumua‘ﬁ;Jﬂmﬂsmygmmﬂuumzlemmummmnﬁ’ou T93a3U1

a

a3“mimﬂ'uwn1“ﬁammmaumﬂ AIUUANTanoINNLazIZITeuITAd e

)}

a as v

)
d? a I ~ 9
10U wmammmmmummfﬁm 61I‘Ll$5]E]“L!’J IZJ\‘]N\‘]ﬂi AYIUANVIUVUUINTIIUUDY

=)

ax A v

1A 5990911 AD '?ﬁmimﬁwmmzwqmmﬁjmumm‘ﬁ Iuandanes nunazsnionuis

)]

Y

v A o A a A Y o = Y as dg’ a Iq 9
AAYUINU Lmzma‘wm'mmam‘l%“lumimmmmaﬂ GIJL!G]EJ‘L!’J‘ﬁNﬂﬂﬂﬂizﬂyii‘]ﬂ’m1ﬂﬁ

U

ada a v

dAuruilosfigqa 5090901A0 ABMIMIAUNUIZNEAY0IOYNIA IDIUUANDAND T NULAY

Y
ad o U

i“’L‘UEIU'J‘ﬁﬂﬁWEJU’JG]u%1ﬂG]T5N‘VI 5.25 !Lﬁﬂ\‘lﬂWﬁ\‘l\ﬂulfﬂﬂWﬂﬂMNW ‘Vlﬁﬂ WU NNITUUM

] a

Lo

Y
U

qmmmwmgiumamwwﬁmuﬂ mﬁﬁwmmmwmammmimﬁuﬁﬂ"lwﬂwﬁmi’mumau

v
' o

aa d? a I A A ax U A and a
’Jﬁﬂhwdﬂ‘izﬂ‘lﬂﬁuﬂ1ﬁ1‘ﬂﬁﬂ TONNUT AD ’JfﬁfﬂﬁﬁWﬂWL‘I"iiJWVIﬁﬂ"UfNPJQ’ﬂUﬂWﬂ ITIULIUAN

o

é’ﬁﬂﬂiﬂulm‘”i‘”mEl“]J’J‘ﬁﬂﬂWEJU’JG]u Wﬁx‘l‘ﬂﬁﬂ ﬂ?ﬂ'ﬁﬂ‘ﬂ 5.18 Llﬁﬂﬂ"lllﬂﬂll'i\‘iﬂuﬂlﬁ]ﬁ‘ﬂﬁ"ﬂllﬂﬁ

U
9
Y

a oA < [ @
mmm?mmmﬂllwih %mu”lﬁmmamﬁm'ﬁn@ﬁ’emmmﬁammmmmﬁﬂusuaq‘umlu

a o A o A Y T Ao ] Y a ' ~ an ¥ A
m’iﬁ?WIQLﬂ’immmﬂ"mﬂﬂﬁagﬁluﬂnﬂﬂm‘ﬁuﬂllﬂ llagﬁlﬂﬁlﬂﬂq I pu. UATSIVIVITAAIYUD

o

= o A Y o
HUVHIAUIIAUNADUUNA



110

U

Y 3 J A a Jd
54 mafsaunaumsundymauninziganiiansunuvemaailulendy
'g a Y

Tuihas adu

manlSeuisumsudiymaumngiganiifledFuaudomaaiuiladdu laidhoge
W@uil FnsneaoufUTZUUNATDD 3 53UV AD STUUNATOVNIATFIU IEEE 4119
6 1o 14 e waz 30 Ta dawalsans o 15 luntee 19 saun ldten 13 uuni 3
1) Henduiagisveaed

9

Tuiil¥ladFuingiszasdild Ao Hedduludwsadu pluunvesileddu
1 1 )

9

Faguszaeanldlundiszodlugl r(x

Q

=a+bx+ex? +elsin (™" —x) ganaagly

aunsh (5.11)

Ng
Fcost = ZF}(PGJ )
i=1

F(P;)=a, by +e.P. +elsinf(PI" —F)) (5.11)

A 1 v 5

A a a o Jd o 1 dy a A o a
e a,b.c.e uaz 1 Ao adulszansvesilanduansoinasveunioatutia vl

%

A
Rl

o Tvlaruaums Seulviisdveauns Gou lvilswuvesdrvamsens s T
d‘ v o d' ) a d‘ v o 9 =Y 1 = [
Y Reu lvilnvveuniosiudathuaziou lvilnuvewmdeutlas demsuRerduns
o w . d v 1 4 a J Jd v v W
utdymims nasde iz dgaleelddedduansomaauiuiladdunumdudveaes

541 ssyunaaauNINIgIv IEEE 6 Ve

9 '
1 =) a A

a Jo v J <3 J o [ a
wnsanilenduinglseasmiuilenduausomasn bidudadu sduouy
[ A dyd o A ' = v Yoy 1
AUMIAIANMIN (5.11) szuunaaeuiiautlsnarugusuaefumsnaaey Taglsilna
dy a I J o [ [ o Y a 9 ay a
Warmmauuiladdunpnuduauaed tazimuandulseansvesaunuseinaiay
' a o w J A o A £ o Jd o R a 9 A o
Frmsnaamasaeranaveunsossuia lihaaiuilsidu lidwsadunamsahion

Y ]
TAveeszuunaaoutl 499135199 5.26



111

4

§ [ a ay g a [] a o W 4 4 o a
G]'li?\?ﬁ 5.26 ﬂ1ﬁmJizfm‘ﬁmunm%mwamazmamiwammmammmwmmm?mm!,uﬂ

Tihdwsuszuunadeuanasgu IEEE 6 e Tasldilassu hidhosadu

3 GERRIEREAT Wuﬂizﬁﬂﬁyﬁunm%mwaq

o P . (MW) P . (MW) a b c d e
1 50 200 0.0016 2.0000 150 50 0.0630
2 20 80 0.0100 2.5000 25 40 0.0980

[ o Y 1
UL - VB ULUAVDIVUIALIIAY ﬂmuﬂ‘lwagiuma 0.9-1.1 p.u.

1 [~} 9 o Y [
VOULUAVDIAWNUKINouYas mwm“lwagiumq 0.9-1.1 p.u.

Yo o w = A A a A
ﬂﬁ‘ﬂﬂﬁ@ﬂﬂﬁllﬂﬂﬂﬁﬂﬁllﬁﬁ"ll@\‘iﬂ1a\‘1Ul‘l’\lﬁﬂ‘l/mwv]’q{f’] INDUIANUFDINAINAN
~ 4 g’l ax d? a J = ~ Y ~ a9 a o ad J A
ﬂijﬂﬂﬂﬂmuﬁﬁ)u’)‘ﬁdﬁﬂﬁﬂi%ﬂhj} LﬂiEJ‘UL‘VIEJ‘Uﬂ‘]Ji&“UFJ‘lJ’Jﬁﬂﬁ1fJu’Wlu ATNITMIAURNIZNGA
ans a @ Aa R o Y] 1 a o 1 an Y [
mmgllﬂmgmmmmmmuﬂﬂ@aﬂaiﬂu Iﬂ8ﬂ1ﬂ15ﬂ3Uﬂ1W1§1NLGlfJﬁL!ﬁﬁ%’)‘ﬁiﬁmuW&ﬁMﬂU
o A qyu do 1 A a & 7o 1 A g & oa
TLUVUNATDVUINTIIU IEEE 6 U ma%ﬂeﬂwﬂu%mwauﬂuﬂmw"lmﬂmwmu SHINUNTT
o Y 4 [ 1w A o A [ Y
ﬂ'lﬁu&]GlﬁW%uﬂﬁﬂi‘]JIVle']ﬂU 1000000 mwmmmﬂaaummmsmmmmamu%um

M1 0.0000001 LAZMIITIADTAT ] VOUAALID HI913199 5.27

A1519% 5.27 AT 1A UBIATNITNAGULAALIT AIMTUTLVUNAADUNIATTIU

IEEE 6 1a Tagldilanagu lidlusadu

BFGS GA PSO ABC

Iteration < 10° Iteration =10000 Iteration =5000 Iteration =1000

Population size = 30 Population size = 10 Population size = 10

Default Crossover rate = 80%

Acceleration constants =5 | Abandonment = 100

Mutation rate = 20%

v ]
o 1 U a 9 =

AUTUAUNUANANDUIIUIY

9 [

dusumsnadeuLAazIsTNINITNAa0Id

q

1 9 o Y o Aa A o Y

9 9 k4 9
30 AS9 UAAZITYIUINIAINO TN 30 AT ﬂ"IiQL"lJ"I*U’ENﬂW]f’)‘]JVIﬂTIfTWU’ENﬂ"Iiﬂ”I‘L!’Jmﬂ’JEJ‘{IJuG]@u

U Q

a J = o =)

as 492} as 9 a o as 1 d‘
5HsAese Ay WSeueunussideuiTadieiiau aﬁmimﬂ1mqummqumgmmaz

)

a o [ J 4 a o { o w 4 { {
ABIUUANDANDTNN A93UN 5.19 ANFBINAIAINIT19N 5.8 MdsoIANatMNIziga

U

)

[

A9915 197 5.29 azvALTIAULART A 951N 5.20

u



112

Fuel Cost $/h

A
10 . Lo . R
1 10 100
Number of Iteration

1000 10000

517 5.19 nlSeuiieumsguinvesdime uvesszUUNATOUNIATIU IEEE 6 1id

Taelgilansu linug adu

A J dy a @ Yoy o 1 g a Y
AITN 5.28 ANUYDIWAIVDITSUUNATDUUINTI U IEEE 6 U Iﬂﬂi“ﬁﬂﬁﬂ%uqﬂlﬂum\uﬁu

ANFOINAT ($/h) )
— — IAINITAIUIN
7D o ' .o AUVSUUU 4 A
1A AYIGA AnaY mag (AUIN)
AITU
BFGS 523.9852 662.3799 576.7023 34.4387 1.8217
PSO 549.5419 714.1646 639.2568 42.3330 42.9922
GA 546.1901 725.8822 605.0125 46.7529 64.2757
ABC 526.1690 594.5960 555.5290 18.1600 5.7443




113

{ o w o { { @ -
A15191 5.29 Mdsue ANz NgaveIsTUIUNAdOUNIATYIU IEEE 6 e Tagldendu

Tidlwsadu
5 ﬁwé’mmmﬁwﬁ ﬁwé’wmgmﬁwﬂﬁmmzﬁqw (MW)
Vel
Py,.(MW) | P, (MW)| BFGS PSO GA ABC
1 50 200 115.7335 | 100.7476 119.4964 | 116.2696
2 20 80 20.0000 38.8522 21.1816 20.0000
Total Generation (MW) 135.7335 139.5998 140.678 136.2696
Total Load (MW) 135
|[_IBFGS [[]PSO [l GA Il ABC|
1.2 : :
1.1
~ 1.0 |
= |
209
< 0.8
07}
S 0.6
] 0.5
2 04
5 0.3
S 0.2
0.1/
0.0
1 2
Bus Number

317 5.20 WSsMEVVNALIIAUVDITEVUNATDUNINTFIY TEEE 6 1dl

Taeldanau lidlusadu

v 1 Y H
HAaNTNAdoUINIGUANTHAUNUANA AU WU 30 AF9 910N 5.19

=) = 9 o d’dd‘ 1 an T A " 9 o d' Y A [
L”]JiEl’]Jl,‘ﬂEJ‘]Jfﬂ'iQLGIHGU’ENﬂW]’E’)UTIﬂﬂ’LI@Glu!LGITC’IZ’J‘ﬁ W‘]J’Nllﬂ1igl‘1ﬂ?ﬂﬂ1@]ﬂ‘ﬂﬂiﬂﬁlﬂﬂﬂﬂu

adaA a

@ a 1 < { aa 1 {
TaedT3uuanoanesiuiin1sgdus 1Nge Mua1835msnia NIz gavo g
Y 9 A

09: an d? a d =) an 9 a o A A A
2UNIN "IIUGIEJU’J‘MJQW\‘I‘]J'igﬂﬁjj TAUTSLUIVITAAIYUIAUUNITAUVIFINGA LUDWITUN

U

=

o Ay v o A ad g a o A Y A Yo A o
ﬂW]ﬂU‘VIhlﬂﬂWﬂﬂWﬁﬂWu?msluﬁWiNﬂ 5.28 szideudsAawIauluu Tiunee limnound

Jd an a o a R

! Qdd’ A 0911 ad d? a ad 1
NI1ITDU TDIAINT AD mu@’omqumﬂimm ITAIULUHANDANDINY HAZITNITUIAUNUS

&9



114

~ a oA 09: an 4? a Jaa A

N qﬂﬂlﬁ]\‘lﬂl\iﬂuﬂ1ﬂ NITUIAUVIUUVUNIANTITY ﬂJuG]E]u’J‘EQJ,QNQIJiZﬂ‘]&IﬁNﬂ'lL‘]JfNL’UHiJWﬁ§1H
9 ~ A ~ a9y a o ad 1 A anm
URINAA TN AD FELUVYUITAAYUIAU ’J‘ﬁﬂh“ﬂ1ﬂ1LW3J1$T]ﬁ’ﬂﬂlﬁ]ﬂ&!ﬂ@iﬁﬂ1ﬂua$3‘ﬁﬂu

L) q

a o

a= A A Aq ¥ ° P~ A A Y a o q
IHANDANDINY !Lﬁ$L1I’é)“l/‘l%15&11L’Jﬁ1ﬂ1%1uﬂﬁﬂ1u’)ﬂ!mﬁEJ ‘im‘]JEl‘U’J‘ﬁﬂﬁwu’Jﬂuﬁl%’Jf;ﬂﬂﬁ
o A z as 4 a Jaa 1 A
ﬂWHQNﬂQHﬂQQ ﬁ’é)\‘lﬁ\iiﬂﬁ’é) ﬂlu%ﬂuﬁﬁﬂﬂﬁﬂﬂi%ﬂ‘ﬂj} ’Jﬁﬂﬁﬁ1ﬂ1m1ﬂ%ﬂﬁ1@ﬂl@ﬂEJQE]HﬂWﬂ!Lﬁ%
asa a o a { o w J A A 1 a qu o w
’J"ﬁ%umﬂﬂﬂﬁﬂﬂiﬁu ﬁ]1ﬂﬁﬁ1\i°ﬁ 5.29 HAINAINTUDIANANIKNIENTA WU nm%uumm

J v A o 1 o w J 4 o A o o
nueawaeg luveuwaiimua mhaseanaswveunsossuia lwihdmsuszdou

[
I~ o

an 9 a o ~ A 3 an d? a d as 1 ~
BAAEHIAU UAIAINGA 5990931 AD TUABUITHIANIIZAYT ITMIIAUMIIZNTAUDY
deoynauazIsIviuandanes nuliageiige 910319 5.20 ugasvuiausIauU T anil

a QBJ} zﬂ' o a I~ 9y 1 Aas [ @
msaaaunsesiuila Wi sziiu1dudaziimsnadeudmnsaniuguuuaussauvestia
d'd a oaj d' o a Y 1 1 d' o 9 1A 1 d'
nlimsaaaunsesiuia lihldeglugieidmuald nadsmsmaununzigavesdieynia
Hvmaussauinoudeganil 1.0 pu lunnia

542  STUUNARRUINAIEIY IEEE 14 Ua

A v v S @ 1 § a A [ a
nnsaniladFuiaglseasdiduilanFuansomacih ladudadu gauuy

4
A o

[ ~ =1 A 1 = @ Y 4
AUMIAITUMIN (5.11) szvunadeuilalinauaurasnunsnaaen Taslailn
1 g a I Y @ [ o [ a 9 dy a
AnFomauduilansunuuouauaes tazivuamdulssanfvosaunudomaaay
! a o o % 4 o o a & g s 1 A g A o
“I)"NﬂWiWﬁﬂﬂWﬁ\i\ﬂUlﬂW]1/!@]"11@\1lﬂﬁ@ﬁﬂ“uﬂqWﬂV]ﬂ!ﬂuﬁ\?ﬂ%’uhlﬂlﬂut%’\?Lﬁu‘l’]ﬁ’lﬂﬂiﬂﬂN’lu

Y ]
TAvoeszuunaaoutl 499135199 5.30

9
=y

! 1 o a a 1 a o w J y o a
GlTiNﬁ 5.30 ﬂ1ﬁmJizﬁmmunuﬁmwamazmqmiwa@mamummwmmm?mmmﬂ

T wsuszuumaseuinas g IEEE 14 e Taeldilassu ludlwsadu

3 AGERMTDEEATE ”uﬂizﬁmﬁiﬁunuﬁymwﬁﬂ

o PgMW) | P (MW) a b c d e

1 50 200 150 2.00 0.00160 50 0.063
2 20 80 25 2.50 | 0.01000 | 40 0.098
3 15 50 55.0 275 | 0.0175 0 0

6 10 30 40.6 3.89 | 0.0130 0 0
8 10 35 75.0 2.85 0.0275 0 0

[ o Y 1 [
HHELYIA - VD ULUAVDITVUIALITIAU mwuw“lwag”luma 0.9-1.1 p.u.

1 <3 9 o Y [
VOULUAVDIAWN VKoL ag mmmslﬁagglmrn 0.9-1.1 p.u.



115

Yo o w A A 1 dy a Ao
ﬂﬁ‘]/]ﬂﬁ@‘ﬂﬂﬁLLﬂ‘]JﬂJU'lﬂﬁ]lWaGUENﬂ1ﬁ\‘]hl‘1/\|‘1711l,143ﬂ$1/]’(,jﬂ NDUIAUFDINAINAN
A 9y :/1 axn 4?’ a Jd = ~ Y ~ a9y a o ad ' A
T]Q’ﬂﬂ?ﬂﬂlﬂﬁ@ﬂﬁﬁdiﬂﬁﬂi%ﬂhg WsuimeunuseuITAAIeHIAY ATNITHIAURNIZNGA
ana a [ Aa R o (% [ a o 1 an Y [
ﬂlﬂﬂﬂﬂ@uﬂWﬂlm%’]‘ﬁi}umﬁﬂﬂﬂﬂ’é)i‘lflll IﬂEJ‘VHﬂﬁ‘lJi‘]Jﬂ1WT§11JW]E]5LL@]ﬁ$’J‘ﬁslﬁmiﬂgﬁllﬂ‘u
@ A Yoy o 1 dy a g Jd o 1 3 a Y £~
TeUUNATOVUINTI U IEEE 14 Ud Lua“lévmﬂ%umwmwauﬂuﬂqﬂ%u"lmﬂummu PINUNT
o Y J [ % A o ~ o YA 1
mwuwiwwwmaﬂwimummu 1000000 ﬂ’)ﬁJﬂﬁWﬂLﬂﬁ’E]lﬁlf]\iﬂﬁﬂWll’Jm‘ﬂﬁlﬂiJ‘i‘thlﬂiJﬂW

[ Y J a Jd 1 ax o !
1N1HY 0.0000001 L4ALATWITINEIDTAN €] VDIUADSIT @NﬁﬁNﬁ 5.31

{ J a 4 a, 1 a ) o
GﬂiNﬁ 5.31 ﬂ'I‘WﬁWMLG]’E]iﬂlﬁ]\‘l’)%ﬂﬁﬂﬂﬁﬂﬂlmag’)?ﬁ AUNIUVIZUVUNATDUNINTIIU

IEEE 14 a0 Taeldilansu ludlusadu

BFGS GA PSO ABC
Iteration < 10° Iteration =10000 Iteration =1500 Iteration =1300
Population size = 30 Population size = 20 Population size = 10
Default Crossover rate = 80%
Acceleration constants =5 | Abandonment = 100
Mutation rate = 20%

o (%

dmsunsnadouuaazlIsiinanaassguanIuduiuana1anus U

a1 9 [

k4 £ Y [ [ F4
30 159 uABIBgIMIAIND VNG 30 ATY MIgEVBIRIR NN AVRIMIAILIBA BT A

U

an d? a 4 =) = [ = ag 9 a o an 1 ~
’J‘ﬁ?JWN“IJiZﬂ‘Hﬁ WSewneunuse ey IsTaa1eiIfy ’J‘ﬁﬂ15ﬁ1ﬂ1!1’ih1$‘ﬂqﬂ"ll’é)\iﬂ\iﬂlgﬂWﬂ

EX)

ana a o aR [V A 1 dy a o A o w J A
UAaZITIUIUANDANBDINY ﬂ\izﬂﬂ 5.21 MUFBLNAIAIATT NN 5.32 HAag NN UDIANANINIIE

Nga A9913199 5.33 nazvaussauaalia aagln 5.22



116

BFGS
— — — — PSO
GA
————— ABC
=
&
Z
@)
o)
=
&
)
1
4 i
10 !
1
\
3 R} 1
10 i | 1P | | 3
1 10 100 1000 10000
Number of Iteration

517 5.21 nSeuiisumsguinvesiimeud s uszuUNATEUNIATF U IEEE 14 1id

Taelgilansu lidlusudu

A J dy a % Yoy o 1 q a Y
A1T19N 5.32 AUYDIWAIVDITSUUNATDUUINTI U IEEE 14 Ud Iﬂﬂiﬂfﬂﬂﬂ%uaﬂlﬂum’ﬂlﬁu

ANFOINAI ($/h) )
i — NAIMIRII
% o ' 4 Andigay 4o
mdga | Agega Aunae 1y (i)
ATFIN
BFGS 1116.3000 1399.7000 1225.9000 55.3235 10.5466
PSO 1050.6000 1398.5000 1186.8000 91.3760 22.0758
GA 1188.7000 | 1419.4000 | 1289.2000 57.3860 149.6503
ABC 1123.8000 | 1277.9000 | 1224.6000 38.0512 20.1900




117

{ o w 4 4 y Y]
M3\ 5.33 MAWNUDIANANHIZNGAVOITLUUNATOUNIATYIY IEEE 14 1id

Taeldilansu lidlusadu

3 AMdInUeIANA Sdamednafivinziiga (M)
e P,,.(MW) | P, (MW)| BFGS PSO GA ABC
1 50 200 144.8525 199.2905 150.7764 175.7472
2 20 80 47.1143 21.0977 52.1114 46.4024
3 15 50 22.9953 22.8756 38.0946 27.4803
6 10 30 30 10.9841 22.3208 17.8144
8 10 35 21.182 10.3731 32.2427 22.3706
Total Generation (MW) 266.1441 264.621 295.5459 289.8149
Total Load (MW) 259

[ IBFGS [[_]PSO [l GA Il ABC|

L1 - .

s 09 ¢ N

Magnitude Voltage (
OO O OO OO
D W B O OV O 0

1 2 3 6 8
Bus Number

31U 5.22 WFsUMeVVNALTIAUYDITTUUNATOUNINTF Y IEEE 14 1id

Taeldlangu ldhazadu

=1

v v 9
HamsnaTeUIMIguANTUAUALANA 1A UTIUIY 30 AF9 91n31R 5.21

v v
A A

=~ =} v 9 o 1 an 1T A v 9 o ~ Y A o
L‘]J'EEJ‘UL‘VIEJ‘]JﬂTiZjJHn*U’OQﬂTGI’OUTlﬂﬂf]:ﬂcluu@ﬁgiﬁ‘ﬁ ‘W‘]J'J”Illfﬂilelﬂﬁ']ﬂW]’t’)UTlﬂlﬂaLﬂfNﬂl!

a

an 1 A = v Y 3 A k4 3 = d%’
TﬂfJ'J‘ﬁﬂ']i?i"lﬂ“"ﬂlﬂgﬂf]:ﬂsllﬂﬂNQ@HﬂTﬂNﬂTiQL‘UHi?ﬂ'qﬂ muﬂ’wﬁuu@au’aﬂjﬁm

G Q



118

a Jd 1 anx Y Aa o ans a o A A VY Y A A a o d'hly
“]JﬁZWEIg AIUITAAYUIAULALITIULUANDANDIN MiJﬂTiQHﬂ"lﬂ‘l/]?jﬂ LIUDNITUININDUN LA

o A an ' ~ = Y A Yo A
vimsmualumnsen 5,32 Jmsmaunngingavesdsorymaluud liuneg lvidmeun

e

9 a [ @ a 4 aan

1 an A A = ad adg dg' a
1NINITBU TOI03IUT AD TSLVIVITAATIUIAY ﬂjummﬁﬂemﬂimyguam IUIUAN

4 b4
Y a K a 1

oA @ J ~
ANVINY WITTUINUVIUVUNIATITIU YUADUD %lﬂiﬁﬁﬂﬁ ygﬁmmmmummgmﬁ’@ﬂ

Bo-

‘Vm’ﬂ 5990901 Ao s2Teuisad1etaAu TIwUANdaneT NuLAL aﬁﬂﬁmﬂwmmqmaqu
aYNIA wazidlefinsannmilFlumsdiamis safeuisadeiaduldnainmsd i

9 A = 3 an 42’ a Jd ax 1 ~ ads
HUDYNTA TOIIUIND ﬂlu@]@uﬁﬁﬂiﬂiﬂi%ﬂ‘ﬂj} ’J‘ﬁﬂﬁ‘l’ﬂﬂ%ﬁh%‘ﬂﬁﬂﬂl@ﬁE‘Jlx‘ifllgﬂ1ﬂlm$’3‘ﬁﬁ]u

[

] v ] 9
WANSanaI iy 1INA13 19N 5.33 uaashasnueIEyARMINE g wu nITIUAIdIY

4 1 Ao 1 o w J A o A o v Aax J
LGWQWﬂﬂﬂiuﬂlﬂULﬂlﬁﬂﬂTﬁuﬂ ﬂWﬂWa\NTL!LfJW]W@'lﬁ’JN“IJ’[’NLﬂi’ENﬂ"ILHﬂVlV‘Iﬁ"IﬁTﬁﬁ‘]J'J‘ﬁﬂ"li?ﬂfn

~

e ﬂﬁﬂ‘llf)xipj\‘]ﬂuﬂ"lﬂm 16 TVI?K"I 033U f"lfJ 3¢ L“]JfJ‘]J’J‘ﬁﬂﬁ']EJ‘Ll’Jﬂl! ‘lJ'IJﬂ’OL!’J‘ﬁPJQW\‘]

ada =

ﬂﬁgﬂyﬁllagj‘ﬁ%uﬂ:!ﬂﬂﬂaﬂaﬁ‘ﬂuuﬂqﬁ\‘iﬂﬁﬂ uae %Tﬂi‘lhq 5.22 Llﬁﬂﬁmu1ﬂLLSQﬁumaﬂﬁﬁﬂu
> A o <

ﬂﬁﬁﬂﬁqgﬂQOmﬂW% %mu“lmumaza‘ﬁmﬁmﬁaummmﬂauqmmﬂmqﬁummﬁﬁ

a,

9 v
A

Aa a o o A Y 1 1 Ao 4 ! ~ a9 a o A o A
nlimsaaaunsestuia lihldeglugiidimua’ld naszfisuitadeinduivinaus wun
ADUT9EINI 1.0 pu Tupnare
543  TUUNAAOUMINGGIM IEEE 30 U
a Jou W 7 I Jd o 1 § a a 1 g a
Ansanilanduiaglszasdidluiladdunusomash ludwdadu gluuy
@ A dyd % A 1 = @ Y J
AUMIAIAUMIN (5.11) szvunadeuiialsnaruguisuaeInumnadon Taglsilana
dy a J J v v W o 1 @ a Y dy a 1
wormauduilandunuINeuaUaed taziuAMaN s ANTURIAUNUIFDINAALFINT
a o w J y o A -~ J v [~ a A o
naamasueIanaveuaiossuila ihgaduilendu bidwdaduiamnsahinuldves
4 H
FTULNAADU AI913 19N 5.34
a °’ tﬂy a 1 a o w 4 A o a
M319ft 5.34 MdulszAnidunuiFemauazdrnsnaaiidsnuerdnaveuniesiuia

TWihdmsuszuunaaeuasgIu IEEE 30 1d Tﬂﬂi%’ﬂqﬁ%’u"lmﬂu@uﬁu

. AENUDIEHA (MW) Fuszaniau uwamm

o P (MW) P (MW) a b c d e

1 50 200 150 2.00 0.00160 50 0.063
2 20 80 25 2.50 0.01000 40 0.098
5 15 50 0 1.00 0.06250 0 0
8 10 35 0 3.25 0.00834 0 0
11 10 30 0 3.00 0.02575 0 0




119

{ 7 a f a 1 a o w 4
M5190 5.34 rdulsganTAunuFenauazMINaa 181U 1A NAUD
w3osiuila Wfhdmsuszuunaaeuuiasgiu IEEE 30 1

Taeldlansulidhusudu @o)

3 AEINUDIANA (MW) Tulszansaunuyomnas
e

P . (MW) P (MW) a b c d e
13 12 40 0 3.00 0.02500 0 0

VNI - YOVIAYDIUUIALTIAY MrualiegIue190.9-1.1 p.u.

[ < 9 o Y 1
Yo uaveIn N UMLauilag fvualegluge 0.9-1.1 p.u.

Yo o w A A ' dy a dlc'v
ﬂ"l'i“l/lﬂﬁf)"]_lﬂﬁllﬂ‘l]ﬂlﬂﬂﬁ1Wﬁm@ﬁﬂ1ﬁﬂ17\|ﬂ1mu1$ﬂﬁ;ﬂ INDUIAUTDINAINA
A 9 o’;’ ag 43’ a J = = Y = a9 A o ag 1 A
ﬂﬁﬂﬂ?ﬂﬂluﬁﬂuj‘ﬁﬁjﬂwﬂﬂi$ﬂh§ WseumeunusideuIsaa1eHIAY ITNITHIAUNNIZNEGA
anAa a [ Aa R o [y 1 a o 1 Aad 9 %
GU’ENQ\‘]E)HﬂWﬂng’J‘ﬁ%umﬂﬂﬂaﬂ@iVW Tﬂﬂmmsﬂiummimmasgmamﬂmwmzﬁnﬂu
o A qyy o 1 & a g ) TN~
TTUUNATUUINTTIU IEEE 30 Ud ma“l%wqﬂ%umwmwauﬂuﬂmw"lmﬂummu FIUNIT
° Y J o Vo A o A [ YA
ﬂ1ﬁuﬂ1ﬂWﬂuﬂ1iﬂiDI‘ﬂ‘Hm1ﬂﬂ 1000000 ﬂ’JTZJﬂﬁWmﬂaﬂuﬁlli’Nﬂ"liﬂ”I‘L!’Jil!VIEJ?JiJiUhlﬂiJﬂ”l

AU 0.0000001 LAZAIMIITABTA 9 VBAUAAZIT AaA5197 5.35

M99 5.35 ATNTINMDT YPIITMINAFEULAAZIT FMTUITUUNATOUNIATTIU

IEEE 30 a0 Taeldilanau ludlusadu

BFGS GA PSO ABC
Iteration < 10° Iteration =10000 Iteration =5000 Iteration =1000
Population size = 20 Population size = 10 Population size = 10
Default Crossover rate = 80%
Acceleration constants =5 | Abandonment = 100
Mutation rate = 20%

dmfumsnagouuaazItiinInaassguaAnTuAUNUANAIIAUTIUIY
Y

4
%

Y A
30 A59 NNIBQIMIAIae U 30 ATe enduszidisudTadreiduiinmsgdimidinen
{ nszl ad 4?} a J
19T unoUITHIHI 52 Y]

EX)

o Ao A o Y
1UDIATINDUNANTAVDINITATUIURA

Q

Y
(Wea 28 ATI NIaL

[

= ~ ~ an F2 a o an ' A ana a
WSe e unUsIUeuITAAIEUIAY ’Jﬁmimmmqummqugmmmmﬁimmmﬂ

2

[ a @ ! 1 4 a o { o w J ! A
ﬂaﬂ@iﬁll fa31n 5.23 ﬂWL%fllWﬁ\iﬂ\WHi%‘lﬁ 5.36 uaxmawmwmwmﬁmmw&m

u

AN3 N 5.37 uazvausIauLaazale aeg1i 5.24



Fuel Cost $/h

120

1 10 100 1000
Number of Iteration

517 5.23 nlSeuiieumsguinvesiimeud s UsTUUNATEUNIATI U IEEE 30 17d

Taelgilansu Tl s adu

A J dy a % Yoy o 1 a Y
A1T1N 5.36 ANUYDIWAIVDITSUUNATDVUINTIIU IEEE 30 Ud Iﬂﬂi%ﬂﬂﬂ%uaﬂlﬂut‘]ﬁlﬁu

ANFOLNAI ($/h) )
— — IAINMITAIUIN
7D o ' .4 AUVBUUU FEP
1A APIGA ARy mag (AUIN)
1AITU
BFGS 867.481 1916.146 1052.071 197.1305 74.3959
PSO 935.111 1336.4 1113.55 79.0433 111.403
GA 896.439 1197.65 1011.84 65.1912 304.322
ABC 869.924 1040.65 949.955 41.9977 48.7617




{ o w o { { o
MINN 537 MANUDIANANHIZNGAVOITLUUNATOUNIATY I IEEE 30 1idl

Taoldilansu lidlugadu

121

5 AMdInUeIANA Sdamednafivinziiga (M)
e P,,.(MW) | P, (MW) | BFGS PSO GA ABC
1 50 200 99.4784 199.6609 191.7585 147.6852
2 20 80 43.1678 28.9722 20.1643 45.86
5 15 50 21.3947 15.9424 20.8005 19.0074
8 10 35 24.2518 15.7899 17.5075 10.8136
11 10 30 15.8294 12.3281 10.7609 11.8245
13 12 40 34.0849 12.5442 16.8242 32.1523
Total Generation (MW) 238.207 285.2377 277.8159 267.343
Total Load (MW) 259

1.2

Magnitude Voltage (p.u.)

0.0

1.1+
1.0+
0.9
0.8
0.7+
0.6
0.5,
0.4+
03}
02}
0.1}

| IBFGS [ ]PSO Il GA Il ABC|

5 8
Bus Number

11 13

Taeldilansu ludhusadu

31U 5.24 WFeUMEVVINALIIAUVDITTUUNATDUNINTFIM IEEE 30 e



122

Namiwﬂﬁauﬁmﬁﬁmmwummmwmummu 30 ﬂi\‘] iﬂﬂiﬂ“l/] 5.23

= ~ v 9 o Ao A
LﬂiEJTJL‘VIEJTJﬂﬁ@,HﬂGUENﬂW]E]‘UT] ‘wﬁﬂimma ’J‘ﬁ ‘W‘]J’ﬂllﬂﬁﬁﬁﬂ?ﬂﬂW]’O‘U‘V]IﬂﬁLﬂﬂﬂﬂH

a
]
= A

uadsIuIUANdane3 Nulimsgindnga maﬁﬂﬁmw‘imamfl”lﬂinﬂmﬁf‘hmm“lummm

[
=

5.36 suifeuisadeinguiluud Iy 18 1neuid1nin35eu 5090931 Ao "Uuﬂﬂu’J‘ﬁ

P
a d ann a o a
Ejﬁﬁﬂﬂizﬂ‘ﬂﬂ ’J‘ﬁ%uluﬁﬂﬁ)ﬁﬂ@iﬁﬂ\ll!ﬁ ATMITHIAURNE ‘ﬂﬁ'ﬂ"llﬁle\‘lﬂuﬂWﬂ W15UIAN

A 3 an 4 a J
WSV UHNINTITU ﬂlu%@uﬁ‘ﬁlﬂx‘iﬁﬂﬂi ﬂ‘HjjflﬂH“UENL‘]J‘L!ZJW]?:@WHH@EJ‘VIQ@ I0303U1 ﬂﬁ)
a R

adAn a v

IBIUUANDANDTNY aﬁﬂﬁmmmmmqmmﬂqaHmﬂuazisu,ﬁﬂﬁ%ﬁmﬁaﬁu naziie

e

)]

~ 9 o = [ ag dg’ a ’q 9 o Y
W%"Iﬁﬂ!']L'Ja'WIiﬂfiuﬂWﬁﬂWu'Jﬂ!!ﬂﬁfJ ‘Uuﬂ’l’]u’l‘ﬁphFN‘]Ji”ﬂﬂfﬁﬁlsﬁlﬂaWﬂWﬁﬂTu?ﬂlu@ﬂ

Do

A

V]ﬁﬂ TIONANNIND 39 L‘]JEJU’J‘ﬁﬂﬁWEJu’J@u R A GRIVETRE ‘1/1aﬂmmm@umﬂuaﬁ‘%’%muﬁﬂ

Q

9
At ¥ o

aaﬂaﬁvm ﬁ]"lﬂ@]"liN“Vl 5.37 l,mmmawmzemwwmm ‘Vlﬁﬂ WU ﬂﬂ?‘ﬁ‘l&l&ﬂ?ﬁﬂ\‘]"lul@"lﬁw{;l

[

agiumemwwﬁmm mmdanuednasmveuasosiuialithdmivssdevitadieds

J aax

1 ] v Ed
Aulia1diiga 5030911 Ao TuaeuITEIRlszaYg IFTuuAndaneI NuLazITnI A

*9
k4

d' I~ d' d‘ o C4 dd a o
LWIJTSVIQ'WU’ENdﬂﬂuﬂ1ﬂuﬂ1gﬂﬂﬁﬂ LLﬁ%"l]"lﬂ?}‘]JVI 5.24 HAANVUIALIIAUYDIUTNUNITAAN

)

A o a I~ Y v Aasm Y] v A
w3esinida i szminladudaziTmsnadevaiuisnniuguuuIaLsId U a gl
a 3 A o a Y 1 ] d'o 2 1as 1 ~
msaaauniesduia i ldedlugieiduivald uadtmsmaununz igaversoynin
Humaussaunaeudagandt 1.0 pu Tuynile

Y Y Jd o
55  mulsaufsunisundyrminuninziigalasldengudiaelni
= U
gapaelumeaas
mslSeufeumsudilymaumingigalaslilanduside Il gadoluaoda
0 @ = £ d o o 1 o w
RimInageunuszuuuaTsaNT 2 Fuduszuunaaen 9 va iluszuuiiosias vl
nszavuseau ldh 115 kv AasaeIihgiu 100 kva TinTeedutialuili 1 &2 deueaas
[ [ v Y 1 [ Y
Tugf 5.25 duals e q AFluitiez ddwlsawnldtdom 1 uuni 3 szuunageuil
Séulsfinuguinmua 2 ¥iia Ao vinauswuTaRIUqUIAzVINAYE T FATEREs T
ueniinl miansaianyiiy 6 n3d AunndafuiteinsaramsNAgEUTIAATY T10aziB0n

= 14 %
YOITSUUNATDUUATINHETNN 2 llﬂl!ﬁﬂﬂlhﬁlL!ﬂ1ﬂNL!’Jﬂ N



123

NAKHON
RATCHASIMA 2 THE MALL

KOK PETCH

DAISIN
— HUATALAE

NONGKI

\l/ KOK KRUAD

CHOKCHAI -

T

= =
qij“lJ‘l/l 525 38UVUNATOUUATINY AN 2

1) Hedduiagisyeaed

v 9 1
TuniilFiladduiagnld Ao masauvesiiasluihgapdeluaiods glunuves

Q U

[V

Handuiagiszasdnld duaasluaunmsi (5.12)

Np
F}r)sszzgi,j{l/iz—i_l/_jz_zl/jl/_l‘ COS(é‘i_aj)} 512)
=1

d’ W %
2) Roulviisuauns
1 4 1
[oulvisduaums Idaumsns Inavesdide Il lugdndasedn Fuaagld
Tuiiade 2.4
dl - u
3) Wou'lviisAueanms

Vo SV SVE™, i=1,2,3,..N,

00" S0 SOM™, =123, N,

551 nsain1

o Y o w { { 4
Rimsnaaeunisudilyinislvavessids lddunuigigariioadu

'
o A

A o ' o w = v Ao k4 3 an 42‘ a J ~ ~
Lwamuammmﬂmq‘lwﬁwqmmﬂiumﬂﬁwmmm mamumumv]amﬂizwg !‘]JiEJ‘]JmEJ‘]J

Q U
S a

[ = an 9 a [ an 1 d‘ an [ Aa R
AUITSIVIVITAATIIUIAU ’J‘ﬁﬂ?i‘l’ﬂﬂ%ﬁﬁﬂ%‘ﬂﬁﬂﬂl@ﬂpjﬂﬂuﬂWﬂuﬁg’J‘ﬁﬂuLuﬁﬂf)ﬁﬂf)ﬁ‘ﬂu

q U

o 1Y 1 a o 1 A, [ = L&Y
Tagriimsdsuamnaimesuaazds Wz auduszuunaaouuasisau 2 Tagldilandu



124

o @ = V& A o Y 4 [ [

fras IihgandeluaiodedaiiniasualdneinisdsuInminy 1000000 AR
4 o { [ 1 LY 1 a d 1 a

inaouVINMIMUIAU NIV IANA NI 0.0000001 HAZAINITININDI A4 ) VoIuAazIT

A9A13197 5.38

A ' a J as 1 A o o =
AT NN 5.38 ﬂTINTiWMLG]f]‘i"lJ’é)\‘l’J‘ﬁﬂTiﬂ@ﬁf]‘]J!W]ﬁZ’J% AIHIUIEUUNATDUUATINBENT 2

TaolFilaiduinga lihgapdolueeds nsaiii 1

BFGS GA PSO ABC
Iteration < 10° Iteration =100 Iteration =100 Iteration =30
Population size = 10 Population size = 10 Population size = 10
Default Crossover rate = 80%
Acceleration constants =5 | Abandonment = 100
Mutation rate = 20%

v '
o J a 9 ~

AMTUNIINAAOUUADZITHINITNAADIFUANTUAUNUANAIIAUTIUIY
9 Y v v 9
30 A59 YNIBGIIMIAINB NG 30 ATI MIGINvaIRImpDNANgAYRIMsAIUIBRITTUADY

[

ax = a 4 = = [ =\ ax 9 A o an 1 ~
Q‘EIZJQWQ‘IJﬁw‘I‘Hﬁ WsumeunussteuIsaaIeuIanu ﬂ‘ﬁﬂﬁ‘ﬁTﬂTIfHN"I%“VI’s’!ﬂ‘ll’r)ﬂdﬂ’ﬂ‘lzgﬂ1ﬂ!,m$
ans a [ a R d' o w =) 1w d' o

ABIuuandaneIiu aegii 5.26 e ldihgadelumeddnisiesn 5.39 dauisaruau

v
= 4

MHZNGA AIA13199 5.40 LazvIALSIAUIAAZ T A9319 5.27

BFGS
0.95 | — — — — PSO
GA
= o080 |=== ABC ||
=)
§ i
z 0.85 7
P
o] !
Z 08 e :
Ay
0.75 7
0.7 L L L L L L L L L
1 10 20 30 40 50 60 70 80 90 100
Number of Iteration

A =~ ~ 19 o ° o =
gﬂ‘ﬂ 5.26 LﬂiEJ‘lJL‘ﬂEJ‘]Jﬂ15QLGU1"1]E]QﬂW]’E’J‘]Jﬁ'l’ﬂi‘lJi%‘]J‘]J‘I/]ﬂﬁE]‘]Juﬂiﬂ“]fﬁiJ'l 2

TaolFilsndusas lihgadeluaiods nsaif 1



125

d' o w = 1 = dd’
MITNN 5.39 ﬂ1@ﬁ1ﬂﬂ1qmulﬁ'ﬂiuﬁ'lﬂﬁﬁl@Qi%ﬂﬂﬂﬂﬁ@ﬂuﬂiiﬂfﬁll'l 203N 1

fdaliihgadeluaeds (Mw) ]
2 — — 1M IATUIU
YUADUIT o , .4 ANVYUDU- 4 o~ A
AR MYIA AUNAY nay AUIN)
VINIFIY
BFGS 0.7942 0.8697 0.7988 0.0146 1.1930
PSO 0.7943 0.8171 0.7965 0.0040 6.0992
GA 0.7943 0.7975 0.7948 0.0008 5.5487
ABC 0.7942 0.7970 0.7944 0.0005 5.4576
Basecase 1.0128 MW

< o = < = Yo o
M1TNNN 5.40 @]’JLL‘]Jiﬂ’J”]Jﬂ?JT]LWlJ13‘1/]?!@]ﬂlﬂﬂi%ﬁﬂﬂﬂﬂﬁ@ﬂuﬂii"ﬁfﬁu"l 2 Taelsilangu

o w

Tiihqaydelumeds nsdin 1

144
3 s | AN
daulsaugy | mdiga AR
BFGS PSO GA ABC
O (Mvar) 0 50 23.1721 | 25.3163 | 23.5821 | 24.1473
O, (Mvar) 0 50 19.3601 | 19.1312 | 19.8263 | 19.3730
Vpo(P-it) 0.9 1.1 1.0028 | 1.0023 | 1.0026 | 1.0025




126

‘ [ |Basecase BIBFGS [ |PSO [T]1GA M ABC ‘

1.1
1.0 |
09 1
0.8 r
0.7
0.6 T
0.5 |
04 1
03 r
02 ¢
0.1 ¢
0.0

Magnitude Voltage (p.u.)

1 2 3 4 5 6 7 8
Bus Number

d’ =) = U =
51U 5.27 WFeuMeuvUIALTIAUIDITLUUNATDUUATTIFTNT 2

U

Taoldilsndusiaslnihgadeluaiods nsaia 1

v [ Y 1
HanIsnadouRIMsquAnTuAUNuAnA 19U 1uIY 30 ATI 91317 5.21
= = 1y o Ao A J ad 1A 19y o A Y A Y
L”]J'iEITJL‘V]EJ‘]Jfﬂi@ll"lﬂ"ll’éNﬂWIﬁ)UﬂﬂﬂQ@]Glu!mﬁﬁﬁ‘ﬁ W‘]J’NZJﬂWEQLﬂHﬁWﬂWQGUﬂiﬂmﬂﬂﬁﬂu
qg: as 42} a 4 ang a o Aa R =1 Ty d A 9 an 1
Tﬂﬂﬂluﬁ@u’)‘ﬁﬂﬂwﬁﬂigﬂ‘ﬂﬂllﬁgﬂﬁﬂuluﬁﬂﬂﬁﬂ’é)'i‘ﬂu HNITYLUVUITINGA ATNAIYITNITHINT
d' = an 9 a o d' a o d' 9 o
L“lfi’iﬂ%ﬂi}'ﬂ"ll@ﬁﬂﬂﬂlgﬂWﬂLLﬁ%ﬁ%mEmTﬁﬂﬁWﬂu’JG]'L! Lilf]Wi]TitllWﬂWl’E]‘]J‘ﬂllﬂiﬂﬂﬂﬁﬂWH’Jmslu
~ aaA 9 A Y o Ao A Y [ a 1 ~
M13194N 5.39 ‘V!ﬂ’J‘ﬁllL!‘H’JIL!ll‘ﬂ%$al‘l’iﬂWlfJ‘UﬂﬁWﬂijﬂiﬂﬁLﬂﬂﬁﬂu WITTUIANVYILVUY
ogj an d? a =T ~ Y A A aag a
HINTIT1U ﬂluﬂ’ﬂu’)‘ﬁﬂﬁN\‘]‘]Jigﬂ'lel:ﬂ;llﬂﬂﬂENLUL!ZU"IG]iﬂ"IMU@fJVIQﬂ TONAIUT AD ITIULUAN
[ Ak ad 1 A = a9 A o A a
ANvINY D‘Eﬂ'lﬁﬁ"lﬂ']L‘I’iiﬂ%‘l/lf!WUfNQQ@HﬂTﬂLLﬁgﬁ&UEJ‘U’J‘ﬁﬂﬁ'IEJu’mu LASIUDWITTUNIA
~ 9 o A =1 ag 9 a o 9 o 9 ~ A
1/]616]56111!ﬂ1§ﬂ'11!’3mm€18 3zanJmmmaumuhnmmammmu’awqﬂ IDNANUTIND

Qa}/ an d? a 4 ana a o a R 9 Y A v A 1 A
"’Uuﬂ@u?ﬁtﬂ\‘lFN‘]Jﬁ3@Hﬂl!ﬁz%‘ﬁﬁ]umﬂﬂﬂﬁﬂﬂiﬂﬂi%’mﬂﬂmﬂﬂﬁﬂu ITNITHIAUNNIENGA

9
ad o

yorsoynnldannga 91015199 5.40 udassaulsaruguimaziga wua RnIsiu

D.

@ 1 A [ [ o Y a A Y
muﬂm’;‘uqmg”lumeumwmwuﬂ naznsiaudaoeaslnlndifes 1.0 p.u. i]WﬂjJ‘]J‘VI
o % % <} ' 1 a
527 HAAIUVUIALUITIAUVDIUANNUH ﬁ]glﬁ‘L!hlgljfnl,mﬁ$’J%ﬂ”li‘ﬂﬂﬁ’(’)llﬁ”liJ”Iiﬂﬂ’J‘]JﬂﬂJ"lJlﬂﬂ
[ Y Y 1 A o F2 [ o Y dg’ [ =\ o
uswmmmua“lwag"lummmﬁuﬂ‘lﬂ Lla$ﬁ1N1§ﬂ8ﬂ§$ﬂ‘]JLLiQﬂuslﬁq\isUuﬁﬁQﬁnmJﬂ"li’]Ji‘]J

' A S A Y}
ﬂTWTiTNL@@ﬁWlW%TgﬁﬂJﬂq@qﬂ



127

552 n3ain2
ad oy 4 g 4 4 .
MsnaaounIdin 2 lanimsiuIvaaluszuunaaoulfinuay 1 191

uavuradrraretias Iihsueniiviiasuvuan Kanmsnageumsudilyinis Inaves

=

v ] v 9 9
fas fwmnghgamosdnamaidias thgadeluamedaidinga Aredunouiseeis
a J @ a a o A 1 . a
UszAng ulieuieunuszitenitadienadu AEmsmaunnzigavesrsoynanazizi

a (% Aa R o [ 1 a 4 1 as Y [
lwandanesny TagsiinisdsuainisilmesuaasIs 1Mz duiussuuNado
do o w 1 % o L4 [
unss 1w 2 Taeldiladdusias lwihgapdeolumededalinsdmualdwainisdsuIny

(MU 1000000 mmmmmﬁ@ummmsﬁmamﬁaam%u"lé’fﬁmmmu 0.0000001

1 a 1 1 a, @ {
LRASAWITIURNBDINN VoIUAAIT AIAIT 1N 5.41

AMINN 5.41 MITITAD5UDIITMINATOUUAAZIT TINTUITLUUNATOUUATI AN 2

Taoldflsndusas lihgapdeluaiods nsain 2

BFGS GA PSO ABC
Iteration < 10° Iteration =100 Iteration =100 Iteration =30
Population size = 10 Population size = 10 Population size = 10
Default Crossover rate = 80%
Acceleration constants =5 | Abandonment = 100
Mutation rate = 20%

[ [ J

SrSUNINAToULAaZITNINITNAAIdUANTHAUNUANA A UTIUIY
9

k4 Y H H Y
30 A5 NNITGENMIAIRBDINT 30 ATY MIgInveIMaeUNANgAYDINTAILINAIBTUADY

an =1 a 4 = = [ =1 ad 9 A o an 1 ~
Fpelarelszang ulssumennuszenIsaalIdu IIMIMA NN gave o yMIaLaY

ad a [ a R 2 = o w = 1 v ~ o
Fwuandaneiin aegii 5.28 MaslWihgadeluaodenenisien 5.42 dutlsaruqgu

[
=~ [

NHENGA AI913190 5.43 tazvinausIauuaaz i a9319 5.29



128

Power Losses (MW)
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Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar

1 1.0000 0.0000 | 0.0000 0.0000 0.0000 0.0000 | Slack bus
2 1.0000 0.0000 | 0.0000 0.0000 0.0000 0.0000 PQ bus
3 1.0000 0.0000 | 0.0000 0.0000 | 55.0000 | 11.0000 PQ bus
4 1.0000 0.0000 | 0.0000 0.0000 0.0000 0.0000 PQ bus
5 1.0000 0.0000 | 0.0000 0.0000 | 30.0000 | 18.0000 PQ bus
6 1.0000 0.0000 | 0.0000 0.0000 | 50.0000 | 10.0000 PQ bus

A3 1.2 VoyaaedIvoITZUUNAAOUNIATFIM TEEE 6 el

Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
1 1 6 0.1230 0.5180 0.0000 1.0000
2 1 4 0.0800 0.3700 0.0000 1.0000
3 4 6 0.0970 0.4070 0.0000 1.0000
4 6 5 0.0000 0.3000 0.0000 1.0250
5 5 2 0.2820 0.6400 0.0000 1.0000
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Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
6 2 3 0.7230 1.0500 0.0000 1.0000
7 4 3 0.000 0.1330 0.0000 1.1000
0.2 ITVUNATIUNINIGIU IEEE 14 e

SYUUNAFOUUIATTIU [EEE 14 Ua 1¥uszaunseau i 230 kv inrsras il

%
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Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar

1 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 | Slack bus
2 1.0000 0.0000 0.0000 0.0000 21.7000 | 12.7000 PQ bus
3 1.0000 0.0000 0.0000 0.0000 94.2000 | 19.0000 PQ bus
4 1.0000 0.0000 0.0000 0.0000 47.8000 0.0000 PQ bus
5 1.0000 0.0000 0.0000 0.0000 7.6000 1.6000 PQ bus
6 1.0000 0.0000 0.0000 0.0000 11.2000 7.5000 PQ bus
7 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
8 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
9 1.0000 0.0000 0.0000 0.0000 29.5000 | 16.6000 PQ bus
10 1.0000 0.0000 0.0000 0.0000 9.0000 0.05.8 PQ bus
11 1.0000 0.0000 0.0000 0.0000 3.5000 1.8000 PQ bus
12 1.0000 0.0000 0.0000 0.0000 6.1000 1.6000 PQ bus
13 1.0000 0.0000 0.0000 0.0000 13.5000 5.8000 PQ bus
14 1.0000 0.0000 0.0000 0.0000 14.9000 5.0000 PQ bus
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M13197 n.4 JoyamedavesszuUNATOUNIATIM IEEE 14 17d

Line Half-line Tab settin
From bus | To bus R (ohms) jX (ohms)

number charging g value
1 1 2 0.0194 0.0592 0.0500 1.0000
2 1 5 0.0540 0.2230 0.0500 1.0000
3 2 3 0.0470 0.1980 0.0400 1.0000
4 2 4 0.0581 0.1763 0.0400 1.0000
5 2 5 0.0570 0.1739 0.0300 1.0000
6 3 4 0.0670 0.1710 0.0300 1.0000
7 4 5 0.0134 0.0421 0.0100 1.0000
8 4 7 0.0000 0.2091 0.0000 0.9500
9 4 9 0.0000 0.5562 0.0000 0.9500
10 5 6 0.0000 0.2520 0.0000 0.9500
11 6 11 0.0950 0.1989 0.0000 1.0000
12 6 12 0.1229 0.2558 0.0000 1.0000
13 6 13 0.0662 0.1303 0.0000 1.0000
14 7 8 0.0000 0.1762 0.0000 0.9500
15 7 9 0.0000 0.1100 0.0000 0.9500
16 9 10 0.0318 0.0845 0.0000 1.0000
17 9 14 0.1271 0.2704 0.0000 1.0000
18 10 11 0.0820 0.1921 0.0000 1.0000
19 12 13 0.2209 0.1999 0.0000 1.0000
20 13 14 0.1709 0.3480 0.0000 1.0000
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Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar
1 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 | Slack bus
2 1.0000 0.0000 0.0000 0.0000 21.7000 12.7000 PQ bus
3 1.0000 0.0000 0.0000 0.0000 2.4000 1.2000 PQ bus
4 1.0000 0.0000 0.0000 0.0000 7.6000 1.6000 PQ bus
5 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
6 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
7 1.0000 0.0000 0.0000 0.0000 22.8000 10.9000 PQ bus
8 1.0000 0.0000 0.0000 0.0000 30.0000 | 30.0000 PQ bus
9 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
10 1.0000 0.0000 0.0000 0.0000 5.8000 2.0000 PQ bus
11 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
12 1.0000 0.0000 0.0000 0.0000 11.2000 7.5000 PQ bus
13 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
14 1.0000 0.0000 0.0000 0.0000 6.2000 1.6000 PQ bus
15 1.0000 0.0000 0.0000 0.0000 8.2000 2.5000 PQ bus
16 1.0000 0.0000 0.0000 0.0000 3.5000 1.8000 PQ bus
17 1.0000 0.0000 0.0000 0.0000 9.0000 5.8000 PQ bus
18 1.0000 0.0000 0.0000 0.0000 3.2000 0.9000 PQ bus
19 1.0000 0.0000 0.0000 0.0000 9.5000 3.4000 PQ bus
20 1.0000 0.0000 0.0000 0.0000 2.2000 0.7000 PQ bus
21 1.0000 0.0000 0.0000 0.0000 17.5000 11.2000 PQ bus
22 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
23 1.0000 0.0000 0.0000 0.0000 3.2000 1.6000 PQ bus
24 1.0000 0.0000 0.0000 0.0000 8.7000 6.7000 PQ bus
25 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
26 1.0000 0.0000 0.0000 0.0000 3.5000 2.3000 PQ bus
27 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
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Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar

28 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus

29 1.0000 0.0000 0.0000 0.0000 2.4000 0.9000 PQ bus

30 1.0000 0.0000 0.0000 0.0000 10.6000 1.9000 PQ bus

GﬂiN‘ﬁ .6 %ﬂuyﬁﬁ1ﬂdﬁﬂ]@ﬁi$ﬂﬂﬂﬂﬁﬂﬂﬂ1ﬁ5@11! IEEE 30 Ud
Line Half-line Tab setting
Frombus | To bus R (ohms) jX (ohms)

number charging value
1 1 2 0.0200 0.0600 0.0300 1.0000
2 1 3 0.0500 0.1900 0.0200 1.0000
3 2 4 0.0600 0.1700 0.0200 1.0000
4 3 4 0.0100 0.0400 0.0000 1.0000
5 2 5 0.0500 0.2000 0.0200 1.0000
6 2 6 0.0600 0.1800 0.0200 1.0000
7 4 6 0.0100 0.0400 0.0000 1.0000
8 4 12 0.0000 0.2600 0.0000 1.0000
9 5 7 0.0500 0.1200 0.0100 1.0000
10 6 7 0.0300 0.0800 0.0100 1.0000
11 6 8 0.0100 0.0400 0.0000 1.0000
12 6 9 0.0000 0.2100 0.0000 1.0000
13 6 28 0.0200 0.0600 0.0100 1.0000
14 6 10 0.0000 0.5600 0.0000 1.0000
15 8 28 0.0600 0.2000 0.0200 1.0000
16 9 11 0.0000 0.2100 0.0000 1.0000
17 9 10 0.0000 0.1100 0.0000 1.0000
18 10 20 0.0900 0.2100 0.0000 1.0000
19 10 17 0.0300 0.0800 0.0000 1.0000
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Line Half-line Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
20 10 21 0.0300 0.0700 0.0000 1.0000
21 10 22 0.0700 0.1500 0.0000 1.0000
22 12 13 0.0000 0.1400 0.0000 1.0000
23 12 14 0.1200 0.2600 0.0000 1.0000
24 12 15 0.0700 0.1300 0.0000 1.0000
25 12 16 0.0900 0.2000 0.0000 1.0000
26 14 15 0.2200 0.2000 0.0000 1.0000
27 15 18 0.1100 0.2200 0.0000 1.0000
28 15 23 0.1000 0.2000 0.0300 1.0000
29 16 17 0.0800 0.1900 0.0200 1.0000
30 18 19 0.0600 0.1300 0.0200 1.0000
31 19 20 0.0300 0.0700 0.0000 1.0000
32 21 22 0.0100 0.0200 0.0200 1.0000
33 22 24 0.1200 0.1800 0.0200 1.0000
34 23 24 0.1300 0.2700 0.0000 1.0000
35 24 25 0.1900 0.3300 0.0000 1.0000
36 25 26 0.2500 0.3800 0.0100 1.0000
37 25 27 0.1100 0.2100 0.0100 1.0000
38 28 27 0.0000 0.4000 0.0000 1.0000
39 27 29 0.2200 0.4200 0.0000 1.0000
40 27 30 0.3200 0.6000 0.0100 1.0000
41 29 30 0.2400 0.4500 0.0000 1.0000
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Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar
1 1.0000 0.0000 0.0000 0.0000 55.0000 17.0000 | Slack bus
2 1.0000 0.0000 0.0000 0.0000 3.0000 88.0000 PQ bus
3 1.0000 0.0000 0.0000 0.0000 41.0000 | 21.0000 PQ bus
4 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
5 1.0000 0.0000 0.0000 0.0000 13.0000 4.0000 PQ bus
6 1.0000 0.0000 0.0000 0.0000 75.0000 2.0000 PQ bus
7 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
8 1.0000 0.0000 0.0000 0.0000 150.0000 | 22.0000 PQ bus
9 1.0000 0.0000 0.0000 0.0000 121.0000 | 26.0000 PQ bus
10 1.0000 0.0000 0.0000 0.0000 5.0000 2.0000 PQ bus
11 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
12 1.0000 0.0000 0.0000 0.0000 | 377.0000 | 24.0000 PQ bus
13 1.0000 0.0000 0.0000 0.0000 18.0000 2.3000 PQ bus
14 1.0000 0.0000 0.0000 0.0000 10.5000 5.3000 PQ bus
15 1.0000 0.0000 0.0000 0.0000 22.0000 5.0000 PQ bus
16 1.0000 0.0000 0.0000 0.0000 43.0000 3.0000 PQ bus
17 1.0000 0.0000 0.0000 0.0000 42.0000 8.0000 PQ bus
18 1.0000 0.0000 0.0000 0.0000 27.2000 9.8000 PQ bus
19 1.0000 0.0000 0.0000 0.0000 3.3000 0.6000 PQ bus
20 1.0000 0.0000 0.0000 0.0000 2.3000 1.0000 PQ bus
21 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
22 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
23 1.0000 0.0000 0.0000 0.0000 6.3000 2.1000 PQ bus
24 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
25 1.0000 0.0000 0.0000 0.0000 6.3000 3.2000 PQ bus
26 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
27 1.0000 0.0000 0.0000 0.0000 9.3000 0.5000 PQ bus
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Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar
28 1.0000 0.0000 0.0000 0.0000 4.6000 2.3000 PQ bus
29 1.0000 0.0000 0.0000 0.0000 17.0000 2.6000 PQ bus
30 1.0000 0.0000 0.0000 0.0000 3.6000 1.8000 PQ bus
31 1.0000 0.0000 0.0000 0.0000 5.8000 2.9000 PQ bus
32 1.0000 0.0000 0.0000 0.0000 1.6000 0.8000 PQ bus
33 1.0000 0.0000 0.0000 0.0000 3.8000 1.9000 PQ bus
34 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
35 1.0000 0.0000 0.0000 0.0000 6.0000 3.0000 PQ bus
36 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
37 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
38 1.0000 0.0000 0.0000 0.0000 14.0000 7.0000 PQ bus
39 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
40 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
41 1.0000 0.0000 0.0000 0.0000 6.3000 3.0000 PQ bus
42 1.0000 0.0000 0.0000 0.0000 7.1000 4.4000 PQ bus
43 1.0000 0.0000 0.0000 0.0000 2.0000 1.0000 PQ bus
44 1.0000 0.0000 0.0000 0.0000 12.0000 1.8000 PQ bus
45 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
46 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
47 1.0000 0.0000 0.0000 0.0000 29.7000 11.6000 PQ bus
48 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
49 1.0000 0.0000 0.0000 0.0000 18.0000 8.5000 PQ bus
50 1.0000 0.0000 0.0000 0.0000 21.0000 10.5000 PQ bus
51 1.0000 0.0000 0.0000 0.0000 18.0000 5.3000 PQ bus
52 1.0000 0.0000 0.0000 0.0000 4.9000 2.2000 PQ bus
53 1.0000 0.0000 0.0000 0.0000 20.0000 10.0000 PQ bus
54 1.0000 0.0000 0.0000 0.0000 4.1000 1.4000 PQ bus
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Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar

55 1.0000 0.0000 0.0000 0.0000 6.8000 3.4000 PQ bus

56 1.0000 0.0000 0.0000 0.0000 7.6000 2.2000 PQ bus

57 1.0000 0.0000 0.0000 0.0000 6.7000 2.0000 PQ bus

GﬂiN‘ﬁ .8 %ﬂuyﬁﬁ1ﬂdﬁﬂ]@ﬁi$ﬂﬂﬂﬂﬁﬂﬂﬂ1ﬁ5@11! IEEE 57 Udl
Line Half-line Tab setting
Frombus | To bus R (ohms) jX (ohms)

number charging value
1 1 2 0.0083 0.0280 0.1290 1.0000
2 2 3 0.0298 0.0850 0.0818 1.0000
3 3 4 0.0112 0.0366 0.0380 1.0000
4 4 5 0.0625 0.1320 0.0258 1.0000
5 4 6 0.0430 0.1480 0.0348 1.0000
6 6 7 0.0200 0.1020 0.0276 1.0000
7 6 8 0.0339 0.1730 0.0470 1.0000
8 8 9 0.0099 0.0505 0.0548 1.0000
9 9 10 0.0369 0.1679 0.0440 1.0000
10 9 11 0.0258 0.0848 0.0218 1.0000
11 9 12 0.0648 0.2950 0.0772 1.0000
12 9 13 0.0481 0.1580 0.0406 1.0000
13 13 14 0.0132 0.0434 0.0110 1.0000
14 13 15 0.0269 0.0869 0.0230 1.0000
15 1 15 0.0178 0.0910 0.0988 1.0000
16 1 16 0.0454 0.2060 0.0546 1.0000
17 1 17 0.0238 0.1080 0.0286 1.0000
18 3 15 0.0162 0.0530 0.0544 1.0000
19 4 18 0.0000 0.5550 0.0000 0.9700
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Line Half-line Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
20 4 18 0.0000 0.4300 0.0000 0.9780
21 5 6 0.0302 0.0641 0.0124 1.0000
22 7 8 0.0139 0.0712 0.0194 1.0000
23 10 12 0.0277 0.1262 0.0328 1.0000
24 11 13 0.0223 0.0732 0.0188 1.0000
25 12 13 0.0178 0.0580 0.0604 1.0000
26 12 16 0.0180 0.0813 0.0216 1.0000
27 12 17 0.0397 0.1790 0.0476 1.0000
28 14 15 0.0171 0.0547 0.0148 1.0000
29 18 19 0.4610 0.6850 0.0000 1.0000
30 19 20 0.2830 0.4340 0.0000 1.0000
31 21 20 0.0000 0.7767 0.0000 1.0430
32 21 22 0.0736 0.1170 0.0000 1.0000
33 22 23 0.0099 0.0152 0.0000 1.0000
34 23 24 0.1660 0.2560 0.0084 1.0000
35 24 25 0.0000 1.1820 0.0000 1.0000
36 24 25 0.0000 1.2300 0.0000 1.0000
37 24 26 0.0000 0.0473 0.0000 1.0430
38 26 27 0.1650 0.2540 0.0000 1.0000
39 27 28 0.0618 0.0954 0.0000 1.0000
40 28 29 0.0418 0.0587 0.0000 1.0000
41 7 29 0.0000 0.0648 0.0000 0.9670
42 25 30 0.1350 0.2020 0.0000 1.0000
43 30 31 0.3260 0.4970 0.0000 1.0000
44 31 32 0.5070 0.7550 0.0000 1.0000
45 32 33 0.0392 0.0360 0.0000 1.0000
46 34 32 0.0000 0.9530 0.0000 0.9750
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Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
47 34 35 0.0520 0.0780 0.0032 1.0000
48 35 36 0.0430 0.0537 0.0016 1.0000
49 36 37 0.0290 0.0366 0.0000 1.0000
50 37 38 0.0651 0.1009 0.0020 1.0000
51 37 39 0.0239 0.0379 0.0000 1.0000
52 36 40 0.0300 0.0466 0.0000 1.0000
53 22 38 0.0192 0.0295 0.0000 1.0000
54 11 41 0.0000 0.7490 0.0000 0.9550
55 41 42 0.2070 0.3520 0.0000 1.0000
56 41 43 0.0000 0.4120 0.0000 1.0000
57 38 44 0.0289 0.0585 0.0020 1.0000
58 15 45 0.0000 0.1042 0.0000 0.9550
59 14 46 0.0000 0.0735 0.0000 0.9000
60 46 47 0.0230 0.0680 0.0032 1.0000
61 47 48 0.0182 0.0233 0.0000 1.0000
62 48 49 0.0834 0.1290 0.0048 1.0000
63 49 50 0.0801 0.1280 0.0000 1.0000
64 50 51 0.1386 0.2200 0.0000 1.0000
65 10 51 0.0000 0.0712 0.0000 0.9300
66 13 49 0.0000 0.1910 0.0000 0.8950
67 29 52 0.1442 0.1870 0.0000 1.0000
68 52 53 0.0762 0.0984 0.0000 1.0000
69 53 54 0.1878 0.2320 0.0000 1.0000
70 54 55 0.1732 0.2265 0.0000 1.0000
71 11 43 0.0000 0.1530 0.0000 0.9580
72 44 45 0.0624 0.1242 0.0040 1.0000
73 40 56 0.0000 1.1950 0.0000 0.9580
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Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
74 56 41 0.5530 0.5490 0.0000 1.0000
75 56 42 0.2125 0.3540 0.0000 1.0000
76 39 57 0.0000 1.3550 0.0000 0.9800
77 57 56 0.1740 0.2600 0.0000 1.0000
78 38 49 0.1150 0.1770 0.0060 1.0000
79 38 48 0.0312 0.0482 0.0000 1.0000
80 9 55 0.0000 0.1205 0.0000 0.9400
.5 ITVUNATIUNINIG I IEEE 118 e
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M13197 .9 JoyalidvosszuuNATOUNIATIIM IEEE 118 17d

Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar

1 1.0000 0.0000 | 10.6700 0.0000 0.0000 51.0000 | Slack bus
2 1.0000 0.0000 | 11.2200 0.0000 0.0000 20.0000 PQ bus
3 1.0000 0.0000 | 11.5600 0.0000 0.0000 39.0000 PQ bus
4 1.0000 0.0000 | 15.2800 0.0000 0.0000 39.0000 PQ bus
5 1.0000 0.0000 | 15.7300 0.0000 0.0000 0.0000 PQ bus
6 1.0000 0.0000 | 13.0000 0.0000 0.0000 52.0000 PQ bus
7 1.0000 0.0000 | 12.5600 0.0000 0.0000 19.0000 PQ bus
8 1.0000 0.0000 | 20.7700 0.0000 0.0000 28.0000 PQ bus
9 1.0000 0.0000 | 28.0200 0.0000 0.0000 0.0000 PQ bus
10 1.0000 0.0000 | 35.6100 0.0000 0.0000 0.0000 PQ bus
11 1.0000 0.0000 | 12.7200 0.0000 0.0000 70.0000 PQ bus
12 1.0000 0.0000 | 12.2000 0.0000 0.0000 47.0000 PQ bus




A15199 1.9 eﬁ’ay’aﬁﬁmmizuumaaummgm IEEE 118 14 (90)

170

Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar
13 1.0000 0.0000 | 11.3500 0.0000 0.0000 34.0000 PQ bus
14 1.0000 0.0000 | 11.5000 0.0000 0.0000 14.0000 PQ bus
15 1.0000 0.0000 0.0000 0.0000 90.0000 | 30.0000 PQ bus
16 1.0000 0.0000 0.0000 0.0000 25.0000 10.0000 PQ bus
17 1.0000 0.0000 0.0000 0.0000 11.0000 3.0000 PQ bus
18 1.0000 0.0000 0.0000 0.0000 60.0000 | 34.0000 PQ bus
19 1.0000 0.0000 0.0000 0.0000 45.0000 | 25.0000 PQ bus
20 1.0000 0.0000 0.0000 0.0000 18.0000 3.0000 PQ bus
21 1.0000 0.0000 0.0000 0.0000 14.0000 8.0000 PQ bus
22 1.0000 0.0000 0.0000 0.0000 10.0000 5.0000 PQ bus
23 1.0000 0.0000 0.0000 0.0000 7.0000 3.0000 PQ bus
24 1.0000 0.0000 0.0000 0.0000 13.0000 0.0000 PQ bus
25 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
26 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
27 1.0000 0.0000 0.0000 0.0000 71.0000 13.0000 PQ bus
43 1.0000 0.0000 0.0000 0.0000 17.0000 7.0000 PQ bus
44 1.0000 0.0000 0.0000 0.0000 24.0000 4.0000 PQ bus
45 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
46 1.0000 0.0000 0.0000 0.0000 43.0000 | 27.0000 PQ bus
47 1.0000 0.0000 0.0000 0.0000 59.0000 | 23.0000 PQ bus
48 1.0000 0.0000 0.0000 0.0000 23.0000 9.0000 PQ bus
49 1.0000 0.0000 0.0000 0.0000 59.0000 | 26.0000 PQ bus
50 1.0000 0.0000 0.0000 0.0000 33.0000 9.0000 PQ bus
51 1.0000 0.0000 0.0000 0.0000 31.0000 17.0000 PQ bus
52 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
53 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
54 1.0000 0.0000 0.0000 0.0000 27.0000 11.0000 PQ bus
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Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar

55 1.0000 0.0000 0.0000 0.0000 66.0000 | 23.0000 PQ bus
56 1.0000 0.0000 0.0000 0.0000 37.0000 10.0000 PQ bus
57 1.0000 0.0000 0.0000 0.0000 12.0000 3.0000 PQ bus
58 1.0000 0.0000 0.0000 0.0000 12.0000 3.0000 PQ bus
59 1.0000 0.0000 0.0000 0.0000 | 277.0000 | 113.0000 | PQ bus
60 1.0000 0.0000 0.0000 0.0000 78.0000 3.0000 PQ bus
61 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
62 1.0000 0.0000 0.0000 0.0000 77.0000 14.0000 PQ bus
63 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
64 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
65 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
66 1.0000 0.0000 0.0000 0.0000 39.0000 18.0000 PQ bus
67 1.0000 0.0000 0.0000 0.0000 28.0000 7.0000 PQ bus
68 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
69 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
70 1.0000 0.0000 0.0000 0.0000 66.0000 | 20.0000 PQ bus
71 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
72 1.0000 0.0000 0.0000 0.0000 12.0000 0.0000 PQ bus
73 1.0000 0.0000 0.0000 0.0000 6.0000 0.0000 PQ bus
74 1.0000 0.0000 0.0000 0.0000 68.0000 | 27.0000 PQ bus
75 1.0000 0.0000 0.0000 0.0000 47.0000 11.0000 PQ bus
76 1.0000 0.0000 0.0000 0.0000 68.0000 | 36.0000 PQ bus
77 1.0000 0.0000 0.0000 0.0000 61.0000 | 28.0000 PQ bus
78 1.0000 0.0000 0.0000 0.0000 71.0000 | 26.0000 PQ bus
79 1.0000 0.0000 0.0000 0.0000 39.0000 | 32.0000 PQ bus
80 1.0000 0.0000 0.0000 0.0000 130.0000 | 26.0000 PQ bus
81 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
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Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar
82 1.0000 0.0000 0.0000 0.0000 54.0000 | 27.0000 PQ bus
83 1.0000 0.0000 0.0000 0.0000 20.0000 10.0000 PQ bus
84 1.0000 0.0000 0.0000 0.0000 11.0000 7.0000 PQ bus
85 1.0000 0.0000 0.0000 0.0000 24.0000 15.0000 PQ bus
86 1.0000 0.0000 0.0000 0.0000 21.0000 10.0000 PQ bus
87 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
88 1.0000 0.0000 0.0000 0.0000 48.0000 10.0000 PQ bus
89 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus
90 1.0000 0.0000 0.0000 0.0000 163.0000 | 42.0000 PQ bus
91 1.0000 0.0000 0.0000 0.0000 10.0000 0.0000 PQ bus
92 1.0000 0.0000 0.0000 0.0000 65.0000 10.0000 PQ bus
93 1.0000 0.0000 0.0000 0.0000 12.0000 7.0000 PQ bus
94 1.0000 0.0000 0.0000 0.0000 30.0000 16.0000 PQ bus
95 1.0000 0.0000 0.0000 0.0000 42.0000 | 31.0000 PQ bus
96 1.0000 0.0000 0.0000 0.0000 38.0000 15.0000 PQ bus
97 1.0000 0.0000 0.0000 0.0000 15.0000 9.0000 PQ bus
98 1.0000 0.0000 0.0000 0.0000 34.0000 8.0000 PQ bus
99 1.0000 0.0000 0.0000 0.0000 42.0000 0.0000 PQ bus
100 1.0000 0.0000 0.0000 0.0000 37.0000 18.0000 PQ bus
101 1.0000 0.0000 0.0000 0.0000 22.0000 15.0000 PQ bus
102 1.0000 0.0000 0.0000 0.0000 5.0000 3.0000 PQ bus
103 1.0000 0.0000 0.0000 0.0000 23.0000 16.0000 PQ bus
104 1.0000 0.0000 0.0000 0.0000 38.0000 | 25.0000 PQ bus
105 1.0000 0.0000 0.0000 0.0000 31.0000 | 26.0000 PQ bus
106 1.0000 0.0000 0.0000 0.0000 43.0000 16.0000 PQ bus
107 1.0000 0.0000 0.0000 0.0000 50.0000 12.0000 PQ bus
108 1.0000 0.0000 0.0000 0.0000 2.0000 1.0000 PQ bus
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Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar

109 1.0000 0.0000 0.0000 0.0000 8.0000 3.0000 PQ bus

110 1.0000 0.0000 0.0000 0.0000 39.0000 | 30.0000 PQ bus

111 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 PQ bus

112 1.0000 0.0000 0.0000 0.0000 68.0000 13.0000 PQ bus

113 1.0000 0.0000 0.0000 0.0000 6.0000 0.0000 PQ bus

114 1.0000 0.0000 0.0000 0.0000 8.0000 3.0000 PQ bus

115 1.0000 0.0000 0.0000 0.0000 22.0000 7.0000 PQ bus

116 1.0000 0.0000 0.0000 0.0000 184.0000 | 0.0000 PQ bus

117 1.0000 0.0000 0.0000 0.0000 20.0000 8.0000 PQ bus

118 1.0000 0.0000 0.0000 0.0000 33.0000 15.0000 PQ bus

GﬂiN‘ﬁ .10 Gfl)’ﬂll“'ﬁ’ﬁ1ﬂdﬁmﬂﬁﬁgﬂﬂﬂﬂﬁﬂﬂh1ﬂig1u IEEE 118 1/
Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)

number charging value
1 1 2 0.0303 0.0999 0.0254 1.0000
2 1 3 0.0129 0.0424 0.0108 1.0000
3 4 5 0.0018 0.0080 0.0021 1.0000
4 3 5 0.0241 0.1080 0.0284 1.0000
5 5 6 0.0119 0.0540 0.0143 1.0000
6 6 7 0.0046 0.0208 0.0055 1.0000
7 8 9 0.0024 0.0305 1.1620 1.0000
8 8 5 0.0000 0.0267 0.0000 0.9850
9 9 10 0.0026 0.0322 1.2300 1.0000
10 4 11 0.0209 0.0688 0.0175 1.0000
11 5 11 0.0203 0.0682 0.0174 1.0000
12 11 12 0.0060 0.0196 0.0050 1.0000
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
13 2 12 0.0187 0.0616 0.0157 1.0000
14 3 12 0.0484 0.1600 0.0406 1.0000
15 7 12 0.0086 0.0340 0.0087 1.0000
16 11 13 0.0222 0.0731 0.0188 1.0000
17 12 14 0.0215 0.0707 0.0182 1.0000
18 13 15 0.0744 0.2444 0.0627 1.0000
19 14 15 0.0595 0.1950 0.0502 1.0000
20 12 16 0.0212 0.0834 0.0214 1.0000
21 15 17 0.0132 0.0437 0.0444 1.0000
22 16 17 0.0454 0.1801 0.0466 1.0000
23 17 18 0.0123 0.0505 0.0130 1.0000
24 18 19 0.0112 0.0493 0.0114 1.0000
25 19 20 0.0252 0.1170 0.0298 1.0000
26 15 19 0.0120 0.0394 0.0101 1.0000
27 20 21 0.0183 0.0849 0.0216 1.0000
28 21 22 0.0209 0.0970 0.0246 1.0000
29 22 23 0.0342 0.1590 0.0404 1.0000
30 23 24 0.0135 0.0492 0.0498 1.0000
31 23 25 0.0156 0.0800 0.0864 1.0000
32 26 25 0.0000 0.0382 0.0000 0.9600
33 12 14 0.0215 0.0707 0.0182 1.0000
34 13 15 0.0744 0.2444 0.0627 1.0000
35 14 15 0.0595 0.1950 0.0502 1.0000
36 12 16 0.0212 0.0834 0.0214 0.9600
37 15 17 0.0132 0.0437 0.0444 1.0000
38 16 17 0.0454 0.1801 0.0466 1.0000
39 17 18 0.0123 0.0505 0.0130 1.0000
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Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
40 18 19 0.0112 0.0493 0.0114 1.0000
41 19 20 0.0252 0.1170 0.0298 1.0000
42 15 19 0.0120 0.0394 0.0101 1.0000
43 20 21 0.0183 0.0849 0.0216 1.0000
44 15 33 0.0380 0.1244 0.0319 1.0000
45 19 34 0.0752 0.2470 0.0632 1.0000
46 35 36 0.0022 0.0102 0.0027 1.0000
47 35 37 0.0110 0.0497 0.0132 1.0000
48 33 37 0.0415 0.1420 0.0366 1.0000
49 34 36 0.0087 0.0268 0.0057 1.0000
50 34 37 0.0026 0.0094 0.0098 1.0000
51 38 37 0.0000 0.0375 0.0000 0.9350
52 37 39 0.0321 0.1060 0.0270 1.0000
53 37 40 0.0593 0.1680 0.0420 1.0000
54 30 38 0.0046 0.0540 0.4220 1.0000
55 39 40 0.0184 0.0605 0.0155 1.0000
56 40 41 0.0145 0.0487 0.0122 1.0000
57 40 42 0.0555 0.1830 0.0466 1.0000
58 41 42 0.0410 0.1350 0.0344 1.0000
59 43 44 0.0608 0.2454 0.0607 1.0000
60 15 33 0.0380 0.1244 0.0319 1.0000
61 19 34 0.0752 0.2470 0.0632 1.0000
62 35 36 0.0022 0.0102 0.0027 1.0000
63 35 37 0.0110 0.0497 0.0132 1.0000
64 33 37 0.0415 0.1420 0.0366 1.0000
65 34 36 0.0087 0.0268 0.0057 1.0000
66 34 37 0.0026 0.0094 0.0098 1.0000
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Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
67 38 37 0.0000 0.0375 0.0000 0.935
68 37 39 0.0321 0.1060 0.0270 1.0000
69 37 40 0.0593 0.1680 0.0420 1.0000
70 30 38 0.0046 0.0540 0.4220 1.0000
71 49 51 0.0486 0.1370 0.0342 1.0000
72 51 52 0.0203 0.0588 0.0140 1.0000
73 52 53 0.0405 0.1635 0.0406 1.0000
74 53 54 0.0263 0.1220 0.0310 1.0000
75 49 54 0.0730 0.2890 0.0738 1.0000
76 49 54 0.0869 0.2910 0.0730 1.0000
77 54 55 0.0169 0.0707 0.0202 1.0000
78 54 56 0.0027 0.0095 0.0073 1.0000
79 55 56 0.0049 0.0151 0.0037 1.0000
80 56 57 0.0343 0.0966 0.0242 1.0000
81 50 57 0.0474 0.1340 0.0332 1.0000
82 56 58 0.0343 0.0966 0.0242 1.0000
83 51 58 0.0255 0.0719 0.0179 1.0000
84 54 59 0.0503 0.2293 0.0598 1.0000
85 56 59 0.0825 0.2510 0.0569 1.0000
86 56 59 0.0803 0.2390 0.0536 1.0000
87 49 51 0.0486 0.1370 0.0342 1.0000
88 51 52 0.0203 0.0588 0.0140 1.0000
89 52 53 0.0405 0.1635 0.0406 1.0000
90 53 54 0.0263 0.1220 0.0310 1.0000
91 49 54 0.0730 0.2890 0.0738 1.0000
92 49 54 0.0869 0.2910 0.0730 1.0000
93 54 55 0.0169 0.0707 0.0202 0.9600
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Line Half-line Tab setting
Frombus | To bus R (ohms) jX (ohms)

number charging value
94 54 56 0.0027 0.0095 0.0073 1.0000
95 55 56 0.0049 0.0151 0.0037 0.9850
96 56 57 0.0343 0.0966 0.0242 1.0000
97 50 57 0.0474 0.1340 0.0332 1.0000
98 49 66 0.0180 0.0919 0.0248 1.0000
99 49 66 0.0180 0.0919 0.0248 1.0000
100 62 66 0.0482 0.2180 0.0578 1.0000
101 62 67 0.0258 0.1170 0.0310 1.0000
102 65 66 0.0000 0.0370 0.0000 0.9350
103 66 67 0.0224 0.1015 0.0268 1.0000
104 65 68 0.0014 0.0160 0.6380 1.0000
105 47 69 0.0844 0.2778 0.0709 1.0000
106 49 69 0.0985 0.3240 0.0828 1.0000
107 68 69 0.0000 0.0370 0.0000 0.9350
108 69 70 0.0300 0.1270 0.1220 1.0000
109 24 70 0.0022 0.4115 0.1020 1.0000
110 70 71 0.0088 0.0355 0.0088 1.0000
111 24 72 0.0488 0.1960 0.0488 1.0000
112 71 72 0.0446 0.1800 0.0444 1.0000
113 71 73 0.0087 0.0454 0.0118 1.0000
114 49 66 0.0180 0.0919 0.0248 1.0000
115 49 66 0.0180 0.0919 0.0248 1.0000
116 62 66 0.0482 0.2180 0.0578 1.0000
117 62 67 0.0258 0.1170 0.0310 1.0000
118 65 66 0.0000 0.0370 0.0000 1.0000
119 66 67 0.0224 0.1015 0.0268 1.0000
120 65 68 0.0014 0.0160 0.6380 1.0000
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Line Half-line | Tab settin
Frombus | To bus R (ohms) jX (ohms)

number charging g value
121 47 69 0.0844 0.2778 0.0709 1.0000
122 49 69 0.0985 0.3240 0.0828 1.0000
123 68 69 0.0000 0.0370 0.0000 0.935
124 69 70 0.0300 0.1270 0.1220 1.0000
125 79 80 0.0156 0.0704 0.0187 1.0000
126 68 81 0.0018 0.0202 0.8080 1.0000
127 81 80 0.0000 0.0370 0.0000 0.9350
128 77 82 0.0298 0.0853 0.0817 1.0000
129 82 83 0.0112 0.0367 0.0380 1.0000
130 83 84 0.0625 0.1320 0.0258 1.0000
131 83 85 0.0430 0.1480 0.0348 1.0000
132 84 85 0.0302 0.0641 0.0123 1.0000
133 85 86 0.0350 0.1230 0.0276 1.0000
134 86 87 0.0283 0.2074 0.0445 1.0000
135 85 88 0.0200 0.1020 0.0276 1.0000
136 85 89 0.0239 0.1730 0.0470 1.0000
137 88 89 0.0139 0.0712 0.0193 1.0000
138 89 90 0.0518 0.1880 0.0528 1.0000
139 89 90 0.0238 0.0997 0.1060 1.0000
140 90 91 0.0254 0.0836 0.0214 1.0000
141 79 80 0.0156 0.0704 0.0187 1.0000
142 68 81 0.0018 0.0202 0.8080 1.0000
143 81 80 0.0000 0.0370 0.0000 1.0000
144 77 82 0.0298 0.0853 0.0817 1.0000
145 82 83 0.0112 0.0367 0.0380 1.0000
146 83 84 0.0625 0.1320 0.0258 1.0000
147 83 85 0.0430 0.1480 0.0348 1.0000




A5 N.10 Yoyaa1odIweTZUUNATOUNIATFIM IEEE 118 17d (A0)

179

Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)

number charging value
148 84 85 0.0302 0.0641 0.0123 1.0000
149 85 86 0.0350 0.1230 0.0276 1.0000
150 86 87 0.0283 0.2074 0.0445 1.0000
151 85 88 0.0200 0.1020 0.0276 1.0000
152 80 98 0.0238 0.1080 0.0286 1.0000
153 80 99 0.0454 0.2060 0.0546 1.0000
154 92 100 0.0648 0.2950 0.0472 1.0000
155 94 100 0.0178 0.0580 0.0604 1.0000
156 95 96 0.0171 0.0547 0.0147 1.0000
157 96 97 0.0173 0.0885 0.0240 1.0000
158 98 100 0.0397 0.1790 0.0476 1.0000
159 99 100 0.0180 0.0813 0.0216 1.0000
160 100 101 0.0277 0.1262 0.0328 1.0000
161 92 102 0.0123 0.0559 0.0146 1.0000
162 101 102 0.0246 0.1120 0.0294 1.0000
163 100 103 0.0160 0.0525 0.0536 1.0000
164 100 104 0.0451 0.2040 0.0541 1.0000
165 103 104 0.0466 0.1584 0.0407 1.0000
166 103 105 0.0535 0.1625 0.0408 1.0000
167 100 106 0.0605 0.2290 0.0620 1.0000
168 80 98 0.0238 0.1080 0.0286 1.0000
169 80 99 0.0454 0.2060 0.0546 1.0000
170 92 100 0.0648 0.2950 0.0472 1.0000
171 94 100 0.0178 0.0580 0.0604 1.0000
172 95 96 0.0171 0.0547 0.0147 1.0000
173 96 97 0.0173 0.0885 0.0240 1.0000
174 98 100 0.0397 0.1790 0.0476 1.0000
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A5 N.10 Yoyaa1odIweTZUUNATOUNIATFIM IEEE 118 17d (A0)

Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)

number charging value
175 99 100 0.0180 0.0813 0.0216 1.0000
176 100 101 0.0277 0.1262 0.0328 1.0000
177 92 102 0.0123 0.0559 0.0146 1.0000
178 101 102 0.0246 0.1120 0.0294 1.0000
179 32 113 0.0615 0.2030 0.0518 1.0000
180 32 114 0.0135 0.0612 0.0163 1.0000
181 27 115 0.0164 0.0741 0.0197 1.0000
182 114 115 0.0023 0.0104 0.0028 1.0000
183 68 116 0.0003 0.0040 0.1640 1.0000
184 12 117 0.0329 0.1400 0.0358 1.0000
185 75 118 0.0145 0.0481 0.0120 1.0000
186 76 118 0.0164 0.0544 0.0136 1.0000

1.6 STUUNATOUHATI AN 2 ¢ ‘fllﬁ)
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A5 n.11 ToyatiaveszuUNAFoUUATIIFAN 2 (9 1d)

Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar
1 1.0000 0.0000 | 0.0000 | 0.0000 0.0000 0.0000 PQ bus
2 1.0000 0.0000 | 0.0000 | 0.0000 9.0000 4.0000 PQ bus
3 1.0000 0.0000 | 0.0000 | 0.0000 | 56.0000 | 24.0000 PQ bus
4 1.0000 0.0000 | 0.0000 | 0.0000 5.0000 3.0000 PQ bus
5 1.0000 0.0000 | 0.0000 | 0.0000 | 20.0000 | 13.0000 PQ bus
6 1.0000 0.0000 | 0.0000 | 0.0000 | 27.0000 | 20.0000 PQ bus
7 1.0000 0.0000 | 0.0000 | 0.0000 9.0000 3.0000 PQ bus
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A1599 n.11 YoyatiauedszuUNAFOUUATIIFAN 2 (9 Te) (A0)

Magnitude Angle Generation Load
Bus Bus type
voltage (p.u.) | (degree) kW kVar kW kVar
8 1.0000 0.0000 | 0.0000 0.0000 | 12.0000 | 9.0000 PQ bus
9 1.0000 0.0000 | 0.0000 0.0000 0.0000 0.0000 | Slack bus

M13199 .12 FoyamoduoITzUUNAAOVUATIIFAN 2 (9 17d)

Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
1 9 2 0.0026 0.0162 0.0023 1.0000
2 9 1 0.0019 0.0115 0.0017 1.0000
3 2 3 0.0049 0.0304 0.0043 1.0000
4 3 4 0.0005 0.0024 0.0003 1.0000
5 3 5 0.0104 0.0648 0.0092 1.0000
6 1 7 0.0008 0.0047 0.0006 1.0000
7 7 8 0.0014 0.0089 0.0013 1.0000
8 1 5 0.0111 0.0688 0.0096 1.0000
9 5 6 0.0156 0.0972 0.0137 1.0000
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Magnitude Angle Generation Load
Bus Voltage (p.u.) | (degree) kW kVar kW kVar
1 1.0113 -8.9300 0.0000 0.0000 0.0000 0.0000
2 1.0185 -7.0800 0.0000 0.0000 0.0000 0.0000
3 1.0175 -13.0200 0.0000 0.0000 0.0000 0.0000
4 1.0111 -13.8900 0.0000 0.0000 0.0000 0.0000
5 1.0121 -13.1700 0.0000 0.0000 0.0000 0.0000
6 1.0100 -16.8100 0.0000 0.0000 0.0000 0.0000
7 1.0050 -11.9600 0.0000 0.0000 0.0000 0.0000
8 1.0100 -11.4300 0.0000 0.0000 0.0000 0.0000
9 1.0096 -11.5200 0.0000 0.0000 0.0000 0.0000
10 1.0047 -11.5300 0.0000 0.0000 0.0000 0.0000
11 1.0096 -11.5200 0.0000 0.0000 0.0000 0.0000
12 1.0058 -17.7600 0.0000 0.0000 0.0000 0.0000
13 1.0095 -11.5200 0.0000 0.0000 -10.7918 60.5662
14 0.9808 -17.3200 0.0000 0.0000 0.0000 0.0000
15 1.0191 -10.6900 0.0000 0.0000 0.0000 0.0000
16 0.9805 -18.7800 0.0000 0.0000 0.0000 0.0000
17 1.0150 -12.8700 0.0000 0.0000 0.0000 0.0000
18 1.0121 -13.1500 0.0000 0.0000 0.0000 0.0000
19 1.0132 -16.1400 0.0000 0.0000 0.0000 0.0000
20 1.0050 -11.3400 0.0000 0.0000 0.0000 0.0000
21 1.0052 -15.8900 0.0000 0.0000 0.0000 0.0000
22 1.0051 -11.6100 0.0000 0.0000 0.0000 0.0000
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Magnitude Angle Generation Load

Bus Voltage (p.u.) | (degree) kW kVar kW kVar
23 1.0060 -16.4600 0.0000 0.0000 0.0000 0.0000
24 1.0000 0.0000 0.0000 0.0000 50.0000 4.7500
25 1.0261 -21.9800 0.0000 0.0000 0.0000 0.0000
26 0.9748 -27.9700 0.0000 0.0000 0.0000 0.0000
27 1.0066 -18.7000 0.0000 0.0000 0.0000 0.0000
28 1.0178 -17.8900 0.0000 0.0000 0.0000 0.0000
29 1.0067 -18.3000 0.0000 0.0000 0.0000 0.0000
30 1.0055 -19.0600 0.0000 0.0000 0.0000 0.0000
31 1.0386 -12.4800 0.0000 0.0000 0.0000 0.0000
32 1.0131 -16.3200 0.0000 0.0000 206.1451 77.7449
33 1.0251 -21.7100 0.0000 0.0000 0.0000 0.0000
34 1.0093 -15.9700 0.0000 0.0000 161.0452 95.8872
35 1.0150 -21.3300 0.0000 0.0000 0.0000 0.0000
36 1.0212 -16.0700 0.0000 0.0000 0.0000 0.0000
37 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
38 1.0250 -21.6200 0.0000 0.0000 0.0000 0.0000
39 1.0263 -21.6400 0.0000 0.0000 0.0000 0.0000
40 1.0250 -21.7200 0.0000 0.0000 110.4485 29.7691
41 1.0256 -21.6700 0.0000 0.0000 0.0000 0.0000
42 1.0270 -16.0100 0.0000 0.0000 0.0000 0.0000
43 1.0145 -9.5300 0.0000 0.0000 0.0000 0.0000
44 1.0172 -8.2300 0.0000 0.0000 0.0000 0.0000
45 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
46 1.0074 -12.7400 0.0000 0.0000 152.7368 59.1346
47 1.0195 -16.1800 0.0000 0.0000 200.6391 91.3998
48 1.0078 -12.7300 0.0000 0.0000 0.0000 0.0000
49 1.0147 -12.4200 0.0000 0.0000 133.0253 101.7511




184

M13197 .13 Yeyatiavesszuunadoums Iinmanaiaz Sueenauia 147 1 (A0)

Magnitude Angle Generation Load

Bus Voltage (p.u.) | (degree) kW kVar kW kVar

50 1.0194 -10.9900 0.0000 0.0000 0.0000 0.0000
51 1.0078 -12.7300 0.0000 0.0000 0.0000 0.0000
52 1.0152 -17.7900 0.0000 0.0000 0.0000 0.0000
53 1.0150 -17.8300 0.0000 0.0000 0.0000 0.0000
54 1.0210 -17.3700 0.0000 0.0000 0.0000 0.0000
55 1.0093 -12.3400 0.0000 0.0000 0.0000 0.0000
56 1.0000 0.0000 0.0000 0.0000 50.0000 15.0000
57 1.0000 0.0000 0.0000 0.0000 80.0000 30.0000
58 1.0000 0.0000 0.0000 0.0000 70.0000 20.0000
59 1.0131 -16.3200 0.0000 0.0000 0.0000 0.0000
60 1.0131 -16.3200 0.0000 0.0000 0.0000 0.0000
61 1.0206 -10.6400 0.0000 0.0000 0.0000 0.0000
62 1.0215 -10.3800 0.0000 0.0000 0.0000 0.0000
63 1.0218 -10.3300 0.0000 0.0000 0.0000 0.0000
64 1.0078 -12.7300 0.0000 0.0000 0.0000 0.0000
65 1.0206 -10.6400 0.0000 0.0000 0.0000 0.0000
66 0.9823 -20.3300 0.0000 0.0000 72.5927 14.7147
67 1.0229 -15.5000 0.0000 0.0000 0.0000 0.0000
68 0.9823 -20.3300 0.0000 0.0000 127.2990 77.5246
69 1.0250 -14.0200 0.0000 0.0000 0.0000 0.0000
70 0.9999 -18.8600 0.0000 0.0000 0.0000 0.0000
71 0.9959 -25.6100 0.0000 0.0000 12.7739 1.8720
72 1.0000 0.0000 0.0000 0.0000 9.8670 4.9330
73 1.0000 0.0000 0.0000 0.0000 9.8670 4.9330
74 1.0143 -20.7100 0.0000 0.0000 8.2590 5.5060
75 1.0000 0.0000 0.0000 0.0000 43.0050 17.3140
76 1.0122 -22.6300 0.0000 0.0000 14.2055 9.1400
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M13197 .13 Yeyatiavesszuunadoums Iinmanaiaz Sueenauia 147 1 (A0)

Magnitude Angle Generation Load

Bus Voltage (p.u.) | (degree) kW kVar kW kVar

77 1.0000 0.0000 0.0000 0.0000 5.8470 1.5250
78 0.9942 -20.7900 0.0000 0.0000 19.0508 6.7173
79 1.0000 0.0000 0.0000 0.0000 5.6730 3.7380
80 1.0233 -22.9600 0.0000 0.0000 30.9438 16.4079
81 1.0196 -21.4000 0.0000 0.0000 14.8662 3.7441
82 1.0146 -23.9100 0.0000 0.0000 29.7325 9.4703
83 1.0000 0.0000 0.0000 0.0000 16.3470 8.7180
84 1.0141 -17.2800 0.0000 0.0000 5.7263 2.6429
85 1.0232 -18.4800 0.0000 0.0000 13.7650 4.5149
86 1.0000 0.0000 0.0000 0.0000 11.9880 7.0840
87 1.0000 0.0000 0.0000 0.0000 9.9150 7.7540
88 1.0000 0.0000 0.0000 0.0000 6.3550 3.4300
89 1.0263 -23.1100 0.0000 0.0000 24.6669 9.6906
90 1.0231 -24.6800 0.0000 0.0000 33.4766 17.8395
91 1.0248 -24.2200 0.0000 0.0000 29.8426 17.2889
92 1.0000 0.0000 0.0000 0.0000 13.1870 5.9940
93 1.0000 0.0000 0.0000 0.0000 21.2540 12.0440
94 1.0221 -21.4700 0.0000 0.0000 16.9585 10.7918
95 1.0225 -20.6100 0.0000 0.0000 15.7472 7.1578
96 1.0169 -17.9600 0.0000 0.0000 0.0000 3.7441
97 1.0197 -21.3700 0.0000 0.0000 5.1120 2.4760
98 1.0000 0.0000 0.0000 0.0000 15.8573 0.0000
99 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
100 1.0203 -20.9800 0.0000 0.0000 20.2621 8.0388
101 1.0251 -27.1800 0.0000 0.0000 17.9496 11.5626
102 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
103 1.0000 0.0000 0.0000 0.0000 5.1120 2.4760
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Magnitude Angle Generation Load

Bus Voltage (p.u.) | (degree) kW kVar kW kVar
104 1.0121 -13.1700 0.0000 0.0000 0.0000 0.0000
105 1.0030 -25.2200 0.0000 0.0000 0.0000 0.0000
106 1.0123 -22.1800 0.0000 0.0000 0.0000 0.0000
107 1.0040 -23.6300 0.0000 0.0000 0.0000 0.0000
108 1.0167 -18.8500 0.0000 0.0000 0.0000 0.0000
109 1.0122 -18.0700 0.0000 0.0000 0.0000 0.0000
110 1.0167 -16.8600 0.0000 0.0000 91.2897 38.7623
111 1.0143 -17.9600 0.0000 0.0000 415.0433 272.9882
112 1.0083 -19.1500 0.0000 0.0000 0.0000 0.0000
113 1.0208 -16.4300 0.0000 0.0000 0.0000 0.0000
114 1.0163 -12.4400 0.0000 0.0000 0.0000 0.0000
115 0.9924 -19.6300 0.0000 0.0000 0.0000 0.0000
116 0.9952 -20.0700 0.0000 0.0000 11.7829 3.3036
117 1.0089 -21.7700 0.0000 0.0000 167.9334 39.9736
118 1.0243 -14.9300 0.0000 0.0000 335.6465 180.9276
119 1.0165 -23.0000 0.0000 0.0000 597.4283 300.5401
120 1.0237 -22.3800 0.0000 0.0000 256.2499 143.4867
121 1.0212 -16.0700 0.0000 0.0000 0.0000 0.0000
122 1.0262 -21.5900 0.0000 0.0000 19.1609 13.3246
123 1.0142 -24.8900 0.0000 0.0000 38.5421 13.3246
124 1.0108 -20.8000 0.0000 0.0000 12.9942 7.4882
125 1.0237 -23.1000 0.0000 0.0000 27.4199 14.8662
126 1.0200 -22.8000 0.0000 0.0000 28.6313 11.7829
127 1.0000 0.0000 0.0000 0.0000 44.4910 16.1430
128 1.0159 -19.3800 0.0000 0.0000 16.8484 3.9643
129 1.0163 -23.8500 0.0000 0.0000 12.2234 2.3125
130 1.0231 -23.6500 0.0000 0.0000 12.2234 4.2947




187

M13197 .13 Yeyatiavesszuunadoums Iinmanaiaz Sueenauia 147 1 (A0)

Magnitude Angle Generation Load

Bus Voltage (p.u.) | (degree) kW kVar kW kVar

131 1.0249 -31.9700 0.0000 0.0000 13.4347 6.4971
132 1.0000 0.0000 0.0000 0.0000 7.8560 2.0140
133 1.0111 -24.0400 0.0000 0.0000 29.4021 10.5715
134 1.0207 -24.6300 0.0000 0.0000 20.1520 8.8096
135 1.0108 -27.1100 0.0000 0.0000 36.6700 15.1966
136 1.0148 -27.2800 0.0000 0.0000 10.9019 7.7084
137 1.0257 -27.2800 0.0000 0.0000 11.0120 3.8542
138 1.0171 -16.8600 0.0000 0.0000 0.0000 0.0000
139 1.0000 -0.8900 659.8000 149.7055 0.0000 0.0000
140 0.9850 -13.0600 326.6000 22.9596 22.9910 11.1360
141 0.9850 -13.0600 326.6000 22.9596 23.7460 11.5000
142 1.0000 0.0000 280.0000 55.1866 17.4410 8.1210
143 1.0018 -13.4900 330.0000 97.5575 17.3950 8.0990
144 1.0200 -10.1400 332.5000 78.8610 0.0000 0.0000
145 1.0300 -5.4000 339.2000 43.3504 0.0000 0.0000
146 1.0300 -5.4000 339.2000 43.3504 0.0000 0.0000
147 1.0000 -0.8900 659.8000 149.7056 0.0000 0.0000

M3 n.14 Joyamedawesszuunadeuszu ihnanasaz Tueenvua 147 Ta

Line Half-line | Tab setting
From bus To bus R (ohms) jX (ohms)
number charging value
1 1 2 0.0000 0.2643 0.0000 0.9709
2 1 2 0.0000 0.2625 0.0000 0.9422
3 59 60 0.0000 0.0736 0.0000 0.9875
4 147 2 0.0000 0.0688 0.0000 0.9750
5 139 2 0.0006 0.0685 0.0000 0.9750
6 15 1 0.0000 0.2700 0.0000 0.9996
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Line Half-line | Tab setting
From bus To bus R (ohms) jX (ohms)
number charging value
7 15 1 0.0000 0.2759 0.0000 0.9852
8 34 15 0.0000 0.2400 0.0000 1.0000
9 34 15 0.0000 0.1300 0.0000 1.0000
10 34 15 0.0000 0.4920 0.0000 1.0000
11 5 104 0.0000 0.0685 0.0000 0.9875
12 5 8 0.0000 0.0714 0.0000 0.9875
13 5 8 0.0021 0.0234 0.0449 1.0000
14 5 10 0.0021 0.0234 0.0449 1.0000
15 5 10 0.0026 0.0279 0.0542 1.0000
16 6 104 0.0025 0.0279 0.0542 1.0000
17 6 12 0.0022 0.0240 0.0457 1.0000
18 6 12 0.0022 0.0240 0.0457 1.0000
19 6 23 0.0022 0.0240 0.0457 1.0000
20 104 17 0.0022 0.0240 0.0457 1.0000
21 104 17 0.0022 0.0240 0.0457 1.0000
22 104 18 0.0036 0.0399 0.0763 1.0000
23 104 18 0.0036 0.0398 0.0763 1.0000
24 104 21 0.0004 0.0055 0.2752 1.0000
25 104 21 0.0004 0.0055 0.2752 1.0000
26 104 23 0.0005 0.0061 0.3025 1.0000
27 104 23 0.0009 0.0157 0.7962 1.0000
28 104 23 0.0010 0.0169 0.9605 1.0000
29 104 23 0.0011 0.0182 0.9196 1.0000
30 7 11 0.0011 0.0192 1.0877 1.0000
31 7 8 0.0000 0.0321 0.0000 1.0125
32 7 10 0.0000 0.0321 0.0000 0.9834
33 7 10 0.0000 0.0321 0.0000 0.9834
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M13197 .14 Yeyamedwvesszvunadeuszuy lWihmanaisaz Tueenuuia 147 17a (Ae)

Line Half-line | Tab setting
From bus To bus R (ohms) jX (ohms)
number charging value
34 7 22 0.0000 0.2643 0.0000 0.9709
35 7 22 0.0000 0.2625 0.0000 0.9422
36 8 11 0.0000 0.0736 0.0000 0.9875
37 8 11 0.0000 0.0688 0.0000 0.9750
38 8 11 0.0006 0.0685 0.0000 0.9750
39 9 13 0.0000 0.2700 0.0000 0.9996
40 9 24 0.0000 0.2759 0.0000 0.9852
41 9 11 0.0000 0.2400 0.0000 1.0000
42 10 20 0.0000 0.1300 0.0000 1.0000
43 10 20 0.0000 0.4920 0.0000 1.0000
44 11 15 0.0000 0.0685 0.0000 0.9875
45 11 15 0.0000 0.0714 0.0000 0.9875
46 11 13 0.0021 0.0234 0.0449 1.0000
47 11 13 0.0021 0.0234 0.0449 1.0000
48 11 14 0.0026 0.0279 0.0542 1.0000
49 11 14 0.0025 0.0279 0.0542 1.0000
50 12 19 0.0022 0.0240 0.0457 1.0000
51 12 19 0.0022 0.0240 0.0457 1.0000
52 12 23 0.0022 0.0240 0.0457 1.0000
53 16 23 0.0022 0.0240 0.0457 1.0000
54 16 23 0.0022 0.0240 0.0457 1.0000
55 21 23 0.0036 0.0399 0.0763 1.0000
56 21 23 0.0036 0.0398 0.0763 1.0000
57 108 25 0.0004 0.0055 0.2752 1.0000
58 108 28 0.0004 0.0055 0.2752 1.0000
59 108 28 0.0005 0.0061 0.3025 1.0000
60 108 37 0.0009 0.0157 0.7962 1.0000
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M13197 .14 Yeyamedwvesszvunadeuszuy lWihmanaisaz Tueenuuia 147 17a (Ae)

Line Half-line | Tab setting
From bus To bus R (ohms) jX (ohms)
number charging value
61 25 120 0.0010 0.0169 0.9605 1.0000
62 25 33 0.0011 0.0182 0.9196 1.0000
63 25 37 0.0011 0.0192 1.0877 1.0000
64 26 120 0.0000 0.0321 0.0000 1.0125
65 26 120 0.0000 0.0321 0.0000 0.9834
66 26 33 0.0000 0.0321 0.0000 0.9834
67 28 27 0.0000 0.2643 0.0000 0.9709
68 28 27 0.0000 0.2625 0.0000 0.9422
69 27 109 0.0000 0.0736 0.0000 0.9875
70 109 110 0.0000 0.0688 0.0000 0.9750
71 109 111 0.0006 0.0685 0.0000 0.9750
72 109 111 0.0000 0.2700 0.0000 0.9996
73 110 118 0.0000 0.2759 0.0000 0.9852
74 110 118 0.0000 0.2400 0.0000 1.0000
75 111 112 0.0000 0.1300 0.0000 1.0000
76 111 112 0.0000 0.4920 0.0000 1.0000
77 111 31 0.0000 0.0685 0.0000 0.9875
78 111 31 0.0000 0.0714 0.0000 0.9875
79 111 52 0.0021 0.0234 0.0449 1.0000
80 111 53 0.0021 0.0234 0.0449 1.0000
81 111 54 0.0026 0.0279 0.0542 1.0000
82 112 30 0.0025 0.0279 0.0542 1.0000
83 112 30 0.0022 0.0240 0.0457 1.0000
84 29 70 0.0022 0.0240 0.0457 1.0000
85 29 113 0.0022 0.0240 0.0457 1.0000
86 29 113 0.0022 0.0240 0.0457 1.0000
87 29 30 0.0022 0.0240 0.0457 1.0000




191
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Line Half-line | Tab setting
From bus To bus R (ohms) jX (ohms)
number charging value
88 29 30 0.0036 0.0399 0.0763 1.0000
89 113 115 0.0036 0.0398 0.0763 1.0000
90 113 115 0.0004 0.0055 0.2752 1.0000
91 113 121 0.0004 0.0055 0.2752 1.0000
92 113 121 0.0005 0.0061 0.3025 1.0000
93 113 42 0.0009 0.0157 0.7962 1.0000
94 113 42 0.0010 0.0169 0.9605 1.0000
95 114 121 0.0011 0.0182 0.9196 1.0000
96 114 36 0.0011 0.0192 1.0877 1.0000
97 114 45 0.0000 0.0321 0.0000 1.0125
98 114 45 0.0000 0.0321 0.0000 0.9834
99 114 46 0.0000 0.0321 0.0000 0.9834
100 114 49 0.0000 0.2643 0.0000 0.9709
101 114 58 0.0000 0.2625 0.0000 0.9422
102 115 116 0.0000 0.0736 0.0000 0.9875
103 115 68 0.0000 0.0688 0.0000 0.9750
104 116 117 0.0006 0.0685 0.0000 0.9750
105 116 121 0.0000 0.2700 0.0000 0.9996
106 116 121 0.0000 0.2759 0.0000 0.9852
107 117 71 0.0000 0.2400 0.0000 1.0000
108 117 35 0.0000 0.1300 0.0000 1.0000
109 117 121 0.0000 0.4920 0.0000 1.0000
110 117 121 0.0000 0.0685 0.0000 0.9875
111 118 69 0.0000 0.0714 0.0000 0.9875
112 119 56 0.0021 0.0234 0.0449 1.0000
113 119 59 0.0021 0.0234 0.0449 1.0000
114 32 59 0.0026 0.0279 0.0542 1.0000
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M13197 .14 Yeyamedwvesszvunadeuszuy lWihmanaisaz Tueenuuia 147 17a (Ae)

Line Half-line | Tab setting
From bus To bus R (ohms) jX (ohms)

number charging value
115 120 33 0.0025 0.0279 0.0542 1.0000
116 120 33 0.0022 0.0240 0.0457 1.0000
117 102 132 0.0022 0.0240 0.0457 1.0000
118 33 38 0.0022 0.0240 0.0457 1.0000
119 33 39 0.0022 0.0240 0.0457 1.0000
120 33 40 0.0022 0.0240 0.0457 1.0000
121 33 41 0.0036 0.0399 0.0763 1.0000
122 121 36 0.0036 0.0398 0.0763 1.0000
123 121 47 0.0004 0.0055 0.2752 1.0000
124 38 40 0.0004 0.0055 0.2752 1.0000
125 43 45 0.0005 0.0061 0.3025 1.0000
126 43 45 0.0009 0.0157 0.7962 1.0000
127 49 50 0.0010 0.0169 0.9605 1.0000
128 50 61 0.0011 0.0182 0.9196 1.0000
129 52 53 0.0011 0.0192 1.0877 1.0000
130 61 62 0.0000 0.0321 0.0000 1.0125
131 61 65 0.0000 0.0321 0.0000 0.9834
132 62 62 0.0000 0.0321 0.0000 0.9834
133 72 73 0.0000 0.2643 0.0000 0.9709
134 51 64 0.0000 0.2625 0.0000 0.9422
135 48 51 0.0000 0.0736 0.0000 0.9875
136 46 48 0.0000 0.0688 0.0000 0.9750
137 46 55 0.0006 0.0685 0.0000 0.9750
138 46 57 0.0000 0.2700 0.0000 0.9996
139 66 68 0.0000 0.2759 0.0000 0.9852
140 47 67 0.0000 0.2400 0.0000 1.0000
141 44 22 0.0000 0.1300 0.0000 1.0000
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M13197 .14 Yeyamedwvesszvunadeuszuy lWihmanaisaz Tueenuuia 147 17a (Ae)

Line Half-line | Tab setting
From bus To bus R (ohms) jX (ohms)

number charging value
142 44 22 0.0000 0.4920 0.0000 1.0000
143 43 22 0.0000 0.0685 0.0000 0.9875
144 43 22 0.0000 0.0714 0.0000 0.9875
145 118 10 0.0021 0.0234 0.0449 1.0000
146 118 10 0.0021 0.0234 0.0449 1.0000
147 118 10 0.0026 0.0279 0.0542 1.0000
148 118 10 0.0025 0.0279 0.0542 1.0000
149 111 104 0.0022 0.0240 0.0457 1.0000
150 111 104 0.0022 0.0240 0.0457 1.0000
151 111 104 0.0022 0.0240 0.0457 1.0000
152 120 16 0.0022 0.0240 0.0457 1.0000
153 120 16 0.0022 0.0240 0.0457 1.0000
154 28 23 0.0036 0.0399 0.0763 1.0000
155 28 23 0.0036 0.0398 0.0763 1.0000
156 32 21 0.0004 0.0055 0.2752 1.0000
157 32 21 0.0004 0.0055 0.2752 1.0000
158 32 21 0.0005 0.0061 0.3025 1.0000
159 119 12 0.0009 0.0157 0.7962 1.0000
160 119 12 0.0010 0.0169 0.9605 1.0000
161 119 12 0.0011 0.0182 0.9196 1.0000
162 119 12 0.0011 0.0192 1.0877 1.0000
163 31 18 0.0000 0.0321 0.0000 1.0125
164 31 18 0.0000 0.0321 0.0000 0.9834
165 117 14 0.0000 0.0321 0.0000 0.9834
166 117 14 0.0000 0.2643 0.0000 0.9709
167 26 131 0.0000 0.2625 0.0000 0.9422
168 26 132 0.0000 0.0736 0.0000 0.9875
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Line Half-line | Tab setting
From bus To bus R (ohms) jX (ohms)

number charging value
169 112 75 0.0000 0.0688 0.0000 0.9750
170 112 123 0.0006 0.0685 0.0000 0.9750
171 112 125 0.0000 0.2700 0.0000 0.9996
172 110 127 0.0000 0.2759 0.0000 0.9852
173 110 128 0.0000 0.2400 0.0000 1.0000
174 110 138 0.0000 0.1300 0.0000 1.0000
175 31 103 0.0000 0.4920 0.0000 1.0000
176 142 6 0.0000 0.0685 0.0000 0.9875
177 143 6 0.0000 0.0714 0.0000 0.9875
178 140 23 0.0021 0.0234 0.0449 1.0000
179 141 23 0.0021 0.0234 0.0449 1.0000
180 111 77 0.0026 0.0279 0.0542 1.0000
181 111 95 0.0025 0.0279 0.0542 1.0000
182 111 96 0.0022 0.0240 0.0457 1.0000
183 30 94 0.0022 0.0240 0.0457 1.0000
184 30 97 0.0022 0.0240 0.0457 1.0000
185 30 98 0.0022 0.0240 0.0457 1.0000
186 70 122 0.0022 0.0240 0.0457 1.0000
187 70 124 0.0036 0.0399 0.0763 1.0000
188 29 74 0.0036 0.0398 0.0763 1.0000
189 29 76 0.0004 0.0055 0.2752 1.0000
190 120 101 0.0004 0.0055 0.2752 1.0000
191 116 90 0.0005 0.0061 0.3025 1.0000
192 116 91 0.0009 0.0157 0.7962 1.0000
193 117 134 0.0010 0.0169 0.9605 1.0000
194 117 135 0.0011 0.0182 0.9196 1.0000
195 117 93 0.0011 0.0192 1.0877 1.0000
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Line Half-line | Tab setting
From bus To bus R (ohms) jX (ohms)

number charging value
196 115 133 0.0000 0.0321 0.0000 1.0125
197 115 89 0.0000 0.0321 0.0000 0.9834
198 121 86 0.0000 0.0321 0.0000 0.9834
199 121 87 0.0000 0.2643 0.0000 0.9709
200 121 88 0.0000 0.2625 0.0000 0.9422
201 71 136 0.0000 0.0736 0.0000 0.9875
202 71 137 0.0000 0.0688 0.0000 0.9750
203 71 92 0.0006 0.0685 0.0000 0.9750
204 25 129 0.0000 0.2700 0.0000 0.9996
205 25 130 0.0000 0.2759 0.0000 0.9852
206 25 83 0.0000 0.2400 0.0000 1.0000
207 109 78 0.0000 0.1300 0.0000 1.0000
208 109 79 0.0000 0.4920 0.0000 1.0000
209 109 100 0.0000 0.0685 0.0000 0.9875
210 108 81 0.0000 0.0714 0.0000 0.9875
211 108 82 0.0021 0.0234 0.0449 1.0000
212 108 99 0.0021 0.0234 0.0449 1.0000
213 27 126 0.0026 0.0279 0.0542 1.0000
214 27 80 0.0025 0.0279 0.0542 1.0000
215 36 7 0.0022 0.0240 0.0457 1.0000
216 114 7 0.0022 0.0240 0.0457 1.0000
217 114 7 0.0022 0.0240 0.0457 1.0000
218 113 84 0.0022 0.0240 0.0457 1.0000
219 113 85 0.0022 0.0240 0.0457 1.0000
220 63 72 0.0036 0.0399 0.0763 1.0000
221 63 73 0.0036 0.0398 0.0763 1.0000
222 110 100 0.0004 0.0055 0.2752 1.0000




196
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Line Half-line | Tab setting
From bus To bus R (ohms) jX (ohms)

number charging value
223 121 7 0.0004 0.0055 0.2752 1.0000
224 121 7 0.0005 0.0061 0.3025 1.0000
225 105 23 0.0009 0.0157 0.7962 1.0000
226 105 23 0.0010 0.0169 0.9605 1.0000
227 105 23 0.0011 0.0182 0.9196 1.0000
228 105 23 0.0011 0.0192 1.0877 1.0000
229 106 6 0.0000 0.0321 0.0000 1.0125
230 106 6 0.0000 0.0321 0.0000 0.9834
231 106 6 0.0000 0.0321 0.0000 0.9834
232 106 6 0.0000 0.2643 0.0000 0.9709
233 106 23 0.0000 0.2625 0.0000 0.9422
234 107 12 0.0000 0.0736 0.0000 0.9875
235 107 12 0.0000 0.0688 0.0000 0.9750
236 3 4 0.0006 0.0685 0.0000 0.9750
237 3 4 0.0000 0.2700 0.0000 0.9996
238 3 4 0.0000 0.2759 0.0000 0.9852
239 4 1 0.0000 0.2400 0.0000 1.0000
240 4 1 0.0000 0.1300 0.0000 1.0000
241 3 1 0.0000 0.4920 0.0000 1.0000
242 3 1 0.0000 0.0685 0.0000 0.9875
243 144 19 0.0000 0.0714 0.0000 0.9875
244 145 20 0.0021 0.0234 0.0449 1.0000
245 146 20 0.0021 0.0234 0.0449 1.0000
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Abstract
This paper presents impact of energy storage on an electric
power distribution system consisting of a very small power

producer of a biomass type. A simple 6-bus test system with a
total power generation of 6 MW and an adequate energy storage
equipment are situated for test. Considering of four test cases,
case 1: without energy storage installation and power losses,
case 2: without energy storage installation but including power
losses, case 3: with energy storage installation but power losses
neglected, case 4: with energy storage installation and including
power losses. Power transmission losses used in this paper can
be determined by using Newton-Raphson power flow solution
method. The simulation of the test system was carried out by
performing one day simulation with energy storage and
energizing stored energy by using an appropriate algorithm. The
results showed that the system with energy storage can lead to
efficient energy usage and power loss reduction.

Key words : microgrid distribution energy system, power losses,
Energy storage system, power flow
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Abstract

This paper presents a demonstration of solving
optimal power flow problems by using one of swarm
intelligences, called artificial bees algorithm. The
objective of the problem can be expressed by taking
the total production cost into account with requirved
constraints. Among potential intelligent search
methods, artificial bees algorithm is new and just
developed since 2005. In this paper, the artificial bees
algorithm is exploited to demonstrate its use of solving
the optimal power flow problem. A 6-bus power system
was situated for test. Sets of optimal pavameters with
respect to economic objectives can be efficiently found.
This revealed that the artificial bees algorithm is one
of efficient methods for solving the optimal power flow
problem.

1. Introduction

There exist several approaches to model the specific
intelligent behaviors from nature. Artificial bees
algorithm is one among those for solving non-linear
optimization problems. Optimal power flow is one of
nonlinear constrained and occasionally combinatorial
optimization problems of power systems. The various
algorithms for solving such problems can be found in
the literature. The optimal power flow problem has
been developed continually since its introduction by
Carpentier in 1962 [1]. It is useful to determine the
goals of optimal power flow problems. The primary
goal of a generic optimal power flow is to minimize
the total production costs of the entire system to serve
the load demand for a particular power system while
maintaining the security of the system operation. The
production costs of electrical power systems may
depend on the situation, but in general they normally
mean to the cost of generating power at each
generating unit of power plants. This operation is

978-1-4244-7830-9/10/$26.00 ©2010 IEEE

subjected to keep each device in the power system
within its desired operation range at steady-state. This
will include maximum and minimum outputs for
generators, maximum MVA flows of power
transmission lines and transformers, as well as system
bus voltages within specified ranges.

In this paper, an application of artificial bees
algorithm to solve optimal power flow problems is
proposed [2,3]. The controllable system quantities are
generator MW, controlled voltage magnitude, reactive
power injection from reactive power sources and
transformer tap setting. The objective used herein is to
minimize the total production cost by optimizing the
control variables within their limits. Therefore, no
violation on other quantities (e.g. MVA flow of
transmission lines, load bus voltage magnitude,
generator MVAR) occurs in normal system operating
conditions. The proposed method has been tested on a
6-bus test power system.

In this paper, the formulation of optimal power flow
is explained in Section 2 in such a way that the overall
system production cost is employed to be the system
objective. Section 3 provides a brief of artificial bees
algorithm to solve non-linear optimization problems.
The 6-bus test power system was challenged and
therefore discussed in Section 4. The last section
provides the conclusions and future work.

2. Optimal power flow problem

Optimal power flow is a type of non-linear
optimization problems in which all control parameters
are adjusted in such a way that the power flow of the
entire system is optimized [4]. This is summarized as
follows.

2.1 Non-linear optimization problem

The optimal power flow problem is a nonlinear
optimization problem. It consists of a nonlinear
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objective function defined with nonlinear constraints.
The optimal power flow problem requires the solution
of nonlinear equations, describing optimal and/or
secure operation of power systems. The general
optimal power flow problem can be expressed as a
constrained optimization problem as follows.

Minimize f{x)
Subject to  g(x) = 0, equality constraints
h(x) 2 0, inequality constraints

By converting both equality and inequality constraints
into penalty terms and therefore added to form the
penalty function.

P(x) =fx) + Q(x) , M
Q(x) = p{"x) + [max(0,h(x)]} @

Where
P(x) is the penalty function
Q(x) is the penalty term
pis the penalty factor

By using a concept of the penalty method [13], the
constrained optimization problem is transformed into
an unconstrained optimization problem in which the
penalty function as described above is minimized.

2.2 Objective function

Although most of optimal power flow problems
involve the total production cost of the entire power
system, in some cases some different objective may be
chosen. In this paper, the total production cost function
is set as the objective function. The total production
cost can be expressed as follows.

Vg Ny
Fy =Zf(PGJ)=Z(ai+b1PGJ +CPC'2J) 3)
i1

i=l

Where f(Pg,) is the fuel cost of generating unit i
a, b, ¢; are coefficients of fuel cost f{Ps,)
Frris the total production cost
Ng is the total number of generating units

2.3 System constraints

The controllable system quantities are generator
MW, controlled voltage magnitude, reactive power
injection from reactive power sources and transformer
tapping. The objective use herein is to minimize the
power transmission loss function by optimizing the
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control variables within their limits. Therefore, no
violation on other quantities (e.g. MVA flow of
transmission lines, load bus voltage magnitude,
generator MVAR) occurs in normal system operating
conditions. These are system constraints to be formed
as equality and inequality constraints as shown below.

1) Equality constraint: Power flow equations

N,
BBy =TIV, 1ol -5 +8)=0 )
el

N,
Q,,—QD,.+2|K||K||x,-|sin<a,,--5.+a,>=o ®)

Where Pg; is the real power generation at bus i
Qg is the reactive power generation at bus i
Pp; is the real power demand at bus i
QOp; is the reactive power demand at bus i
N3 is the total number of buses
6,; is the angle of bus admittance element i,j
Y,; is the magnitude of Y}, element i,/

2)  Inequality constraint: Variable limitations

v <, sy ©)
[ T < )
Qc:::p,i < comp,i < Cn;:ﬂ," (8)
P <p, < P ©)
Where

ymo yee are upper and lower limits of

voltage magnitude at bus
7o 7 are upper and lower limits of tap

position of transformer i

min max s
Qcomp,i,mew are upper and lower limits

of reactive power source i
P pr™ are upper and lower limits of

power generated by generator i
The penalty function can be formulated as follows.
P()=F+Q +Q, +Q+Q+Q, +Q, (10)
Where

A Ny 2
Q, =p2{fz,.- =By =Y IVIIV, 1%, | cos(B,, -5, +5,-)}
i=1 j=

Ny Ny 2
Q, =PZI:{QG.,- O, +ZI:| VAV Y, |sin(g, -6, +5,)}
= =
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Q.= pNZ:Cl{max(O,Qmp, - an:n);u )}2

o3 fmax(0.02%, -0 )}

i=1

Q, =p2{max(0,7}-ﬂ'“”x)}z

Ny ) 2
+py, {max (0, " - T,)}

i=l

Q, =p§{max(0,V, -

+p§:{max(0, yn —V,)}2

i=1

0, = o3 fmax(0., - 22

=1
+pNi{max(0, PG"ff“ —1’0,,)}2
i=l

N is the total number of generators

N¢ is the total number of reactive power
sources

Nris the total number of transformers

3. Artificial bees algorithm

Artificial Bees algorithm [2,3,6] was proposed by
Karaboga for solving numerical optimization
problems. It simulates the intelligent behavior of honey
bee swarms. In artificial bees algorithm, the colony of
artificial bees contains three groups of bees: employed
bees, and unemployed bees: onlookers and scouts.
First half of the colony consists of employed artificial
bees and the second half constitutes the artificial
onlookers. The employed bee whose food source has
been exhausted becomes a scout bee. The position of a
food source represents a possible solution to the
optimization problem and the nectar amount of a food
source corresponds to the quality or fitness of the
associated solution. The number of the employed bees
is equal to the number of food sources, each of which
also represents a site, being exploited at the moment or
to the number of solutions in the population. In
artificial bees algorithm, the steps given below are
repeated until a stopping criteria is satisfied.

1) Initial phase

Initial population of artificial bee swarms is created
randomly by the following formula.

X, =X +ra'd(0,1) x(xm/ —xm].) (11
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2) Employed bees phase

Each employed bee determines a food source
representing a site. Each employed bee shares its food
source information with onlookers waiting in the hive
and then each onlooker selects a food source site
depending on the information taken from employed
bees. To simulate the information sharing by employed
bees in the dance area, probability values are
calculated for the solutions by means of their fitness
values using the following equation.

Ju

P = (12)
2
j=1
1
— 520
fu={ 1t (3)
1+|f,,| £, <0

The fitness values might be calculated using the
above definition as expressed in (13).

3) Onlooker bees phase

Onlookers are placed onto the food source sites by
using a fitness based selection technique, for example
roulette wheel selection method.

4) Scout bees phase

Every bee swarm has scouts that are the swarm’s
explorers. The explorers do not have any guidance
while looking for food. In case of artificial bees, the
artificial scouts might have the fast discovery of the
group of feasible solutions. In the searching algorithm,
the artificial employed bee whose food source nectar
has been exhausted or the profitability of the food
source drops under a certain threshold level is selected
and classified as the artificial scout. The classification
is controlled by ‘‘abandonment criteria” or “limit>*. If
a solution representing a food source position is not
improved until a predetermined number of trials, then
that solution is abandoned by its employed bee and the
employed bee becomes a scout.

4. Simulation results

In this paper, a 6-bus test power system as given in
Fig. 1 was chosen as a test system. The quasi-Newton
with BFGS formula, genetic algorithms, particle
swarm optimization and artificial bees algorithm were
employed for comparison. Each method was carried
out by 30 trials, Table 1 gave limitations of variables
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used to be optimized. Table 2 showed the coefficients
of the quadratic production cost curve.

a2 2]

6

VR

Figure 1. 6-bus test power system

Table 1. Limitation of control variables

Item Lower limit Upper limit
Pgy 50 MW 200 MW
Pgs 20 MW 80 MW
I 0.9 p.u. 1.1 pu
I, 0.9 p.u. 1.1 pu.
T34 0.9 p.u. L1 p.u
T56 0.9 p.u. 1.1 p.u.
Ocy 0 Mvar 5 Mvar
Ocs 0 Mvar 5 Mvar

Table 2. Quadratic production cost curve coefficients

Item

Min Max a b c
Pgi 50 MW 200 MW 0 100 100
Pgz 20 MW 80 MW 0 500 100
foy=a bR, 4B, (14)
Table 3. Simulation results of all test cases
Production cost (9i/h)
Average
Min Max Mean S.D. time (s)
BFGS | 389110 | 389330 | 389130 57 0.224
PSO 391770 | 428190 | 398630 | 6973 70.19
GA 389110 389110 389110 0.02 492.80
Bees 380472 389472 389472 0.001 5.01
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To find a set of optimal power flow solution, the
proposed method, artificial bees algorithm, was
employed. For benchmarking, the quasi-Newton
method, particle swarm optimization and genetic
algorithms were also employed. The artificial bees
algorithm was the fastest method to obtain the optimal
among the intelligent search methods. However, it was
still slower than the BFGS. Another supported
evidence was the standard deviation (S.D.). With 30
trials of test, the S.D. of the solutions obtained by the
artificial bees algorithm was the smallest. This
indicates that the artificial bees algorithm can be used
to find the optimal power flow solution.

5. Conclusion

This paper described the use of artificial bees
algorithm to find optimal reactive power flow
solutions. This work was conducted by 30 trials. The
test also applied the BFGS, genetic algorithms and
particle swarm optimization of 30 trials each for
comparison. The results showed that the artificial bees
algorithm can be the fastest among the intelligent
search methods and also give the smallest S.D. of the
solution for the 30 trials.
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Abstract

This paper presents the use of artificial bee colony algorithm
for solving optimal power flow problems. It is one of swarm intelligent
search methods and has been successfully applied in various non-linear
optimization problems. In this paper, nonlinear optimal power flow

bl were challenged. Standard [EEE 6-bus and 30-bus test

systems were used for test. Satisf: d from the

v ‘resulis) obtai
proposed method were compared with those obtained by using genetic
algorithms and quasi-Newton method. The results confirm the
effectiveness of the artificial bee  colony algorithm for solving
optimal power flow problems.

Keywords: Optimal Power Flow, Fuel Cost, Newton-Raphson,
Artificial Bee Colony Algorithm
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Abstract —This paper illustrates an application of Artificial Bees Colony (ABC) algorithms to
optimal power flow (OPF) problems in comparative with some effective mathematical and
evolutionary optimization methods. The ABC is one of swarm intelligences, which was just
developed since 2005. This algorithm is to simulate the intelligent behaviour of honey bee swarms.
1t is a population-based search method and simply employs only common control parameters such
as colony size and maximum generation number. The artificial bees are created to discover places
of food sources with high amount of nectar. At the end of ABC searching procedure, the food
source with the highest nectar is found to represent the global optimum. The proposed algorithm
was tested with four mathematical test functions (simple quadratic function, Rosenbrock’s
Junction, circle function and Bohachevski’s function) and five standard IEEE test power systems
(6-bus, 14-bus, 30-bus, 57-bus and 118-bus test systems). The test power systems were divided into
two cases. The first test case was given by applying a quadratic function to generators’ fuel-cost
curve whereas a non-smooth fuel-cost function was assigned to the second. The comparisons
among solutions obtained by sequential quadratic programming (SQP), genetic algorithms (GA)
and artificial bees colony (ABC) were carried out. As revealed from the simulated results, the
effectiveness of the ABC algorithm for solving OPF problems was confirmed. Copyright © 2009
Praise Worthy Prize S.r.L - All rights reserved.

Keywords: Optimal Power Flow, Artificial Bees Colony, Genetic Algorithms, Quasi-Newton

Optimal Power Flow Solution Using Artificial Bees Colony Algorithms

Search Method

| Introduction

To date, an electrical power system is very large and
obviously complicated due to technological enhancement
of power system engineering. Increasing of electrical
energy consumption often leads extending and upgrading
an existing power transmission and distribution network
to serve all customers sufficiently, effectively and
economically. To achieve good performance for power
delivery, a real power dispatching problem must be taken
into account in order to minimize total generation cost
[1]. Also, appropriately reactive power flows relate to
power losses and system voltage profiles, directly. In this
viewpoint, tap setting of under-load tap-changing
transformers (ULTCs), voltage magnitude of voltage-
controlled buses or installing reactive power sources can
improve voltage characteristics and reduce power losses,
considerably [2]. In 1968, Dommel and Tinney [3]
proposed the method of OPF, which employs allocation
of real power generated by generators to co-operate with
controlling ULTCs, magnitude of voltage-controlled
buses or reactive power sources for minimizing the
system objective.

As a general approach, a typical OPF problem
employs an optimization method for balancing the power
flow equations, and finding the optimum solution. The
solution satisfies the constraint of the minimum value of
an objective function, ie total generation cost for most
cases, within the entire search space. The OPF problem is

Manuscript received May 201 1, revised May 2011

in general non-convex and non-linear. It may exist many
local minima. Many mathematical techniques have been
developed and applied to this problem such as linear
programming, interior point method, quadratic
programming, etc [4]. The algorithms essentially need
some problem simplification such that the problem is
linear or convex. Thus, a true global minimum cannot be
guaranteed. Then, stochastic optimization methods such
as Genetic Algorithms (GAs), Simulated Annealing
(SA), Artificial Neural Network (ANN), Evolutionary
Programming (EP), Particle Swarm Optimization (PSO)
[5-9], were applied for solving such a problem directly
without any simplification. These methods can
successfully manipulate a problem in non-convex or non-
linear. Therefore, an obtained optimal solution is more
accurate and realistic. Unfortunately, these algorithms
normally take lengthy calculation time when compared
with the mathematical optimization methods. Since 2005,
artificial bees colony has been introduced and performed
drastically improved search performance. Regarded as
one of stochastic search processes, ABC provides a near
global minimum by successfully avoiding local-
minimum traps. Successful applications of the ABC have
emerged, such as in [10-12]). Although the ABC
algorithm was developed as a stochastic optimization
technique, it can find an optimal solution within a short
calculation time. Consequently, this paper applied the
ABC for solving the OPF problem.

This article consists of 7 sections. The next section,
Section 2, describes literature review in optimal power

Copyright © 2011 Praise Worthy Prize S.r.l. - All rights reserved
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flow solutions and artificial bees colony algorithms.
Section 3 presents the formulation of the OPF problem.
The optimization techniques namely SQP [29, 30], GA
and ABC are described in section 4. Also, the
demonstration of ABC to OPF problems was explained
in Section 5. Section 6 presents the simulation results
based on the standard IEEE 6-bus, 14-bus, 30-bus, 57-
bus and 118-bus test systems for both convex, non-
convex cases. The last section provides discussion and
conclusion of the present work.

II. Literature Reviews

The followings are some recent reviewed literature
concerning with optimal power flow solutions and
artificial bees colony algorithms for optimization
problems.

IL1.  Literature Review in Optimal Power Flow

Santos and Costa (1995) [13] presented a novel
approach for solving optimal power flow problems based
on Newton's method. Using the Lagrangian functions to
combine problem constraints, the nonlinear optimization
problem can be solved effectively. Muriithi (1996) [14]
presented the problem of power flow optimization taking
into account the principles of economics and reliability as
its objective. This paper used some efficient
mathematical programs that were the steepest descent
method, the quadratic programming and the gradient
projection method. Leung and Chung (2000) [15]
proposed a genetic algonthm (GA) for solving optimal
power flow problems in power systems which are
equipped with flexible AC transmission systems
(FACTS). Abido (2002) [16] proposed the optimal power
flow solution by using Tabu search method (TS). The
test was simulated by using the IEEE 30-bus test system
with four test cases. The result of this simulation
concluded that Tabu search method is capable to solve
optimal power flow problem with the lowest objective
function and the fastest convergence. Abido (2002) [17]
proposed a power flow optimization by means of particle
swarm optimization (PSO). This work was carried out by

simulating the IEEE 30-bus test system with the fuel-cost -

function is the system objective. Gaing (2005) [18]
employed the mixed-integer particle swarm optimization
(MIPSO) for solving optimal power flow problems with
a combination of continuous and discrete control
variables. The total production cost with smooth and
non-smooth curves was used as the system objective to
be minimized. The IEEE 9-bus and 26-bus test power
systems were challenged. Vaisakb and Srinivas (2005)
[19] proposed optimal power flow solutions by using
differential evolution (DE), which tested in the IEEE 30-
bus test system with fuel-cost objective functions.
Younes, Rahli and Koridak (2007} [20] proposed the
optimal power flow solutions using genetic algorithms.
The IEEE 57-bus test system was used together with the
total production cost as the objective function. The

Copyright © 2007 Praise Worthy Prize S.r.1. - All rights reserved

simulations were conducted by using MATHPOWER
software package. Tangpatiphan and Yokoyama (2008)
[21] presented evolutionary programming with artificial
neural network by solving the transient stability based
optimal power flow problems. The swing equation and
the rotor angle dynamic were determined. The IEEE 30-
bus test system was used for test. Fangxing Li and
Tolbert (2008) [22] presented the problem of reactive
power planning (RPP) to determine the optimal location
and size of the reactive power sources. This work
included the consideration of i) the ability of power
transfer capability, ii) fuel-cost minimization and iii) the
voltage stability enhancement. Oumarou, Jiang and Yijia
(2009) [23] presented the optimal power flow solution by
using the particle swarm optimization. The IEEE 30-bus
test power system was used for test to adjust generators’
powers, bus voltage magnitudes, reactive powers from
the var sources and transformer taps. Tangpatipphan and
Yokoyama (2009) [24] presented the evolutionary
programming for solving the optimal power flow
problem with consideration of steady-state voltage
stability. The system objective function was the total
production cost with system security and voltage stability
constraints. In this paper, the IEEE 30-bus test system
was employed. Va, Le, Vo and Tlusty (2010) [25]
presented the optimal power flow solution using some
efficient intelligent search methods. Genetic algorithms,
differential evolution and ant colony optimization (ACO)
were challenged with the IEEE 30-bus test system.

I1.2.  Literature Review in Artificial Bees Colony

Younes and Basturk (2007) [26] proposed an artificial
bees colony (ABC) for some standard optimization test
functions. The results obtained by the proposed method
were compared with those obtained by genetic
algorithms and particle swarm optimization. Quan and
Shi (2008) [27] proposed artificial bees colony
algorithms for finding optima of 10 standard
optimization test functions. The test results showed the
superior performance of the artificial bees colony
algorithms to solve the engineering design problem.
Chidambaram and Lopes (2009) [28] provided the use of
artificial bee colony algorithms to recognize objects in
images. The artificial bee colony algorithm is one of
meta-heuristic approaches to imitate the nectar searching
behavior of a bee colony. For gray-scale and color
images, the artificial bees colony algorithm can find the
optimal results faster than other evolutionary algorithms.

III. Optimal Power Flow Problem

Optimal power flow is a type of non-linear
optimization problems in which all control variables are
adjusted in such a way that the power flow of the entire
system is optimized with respect to some objective [3].
This can be summarized as follows.
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IIL1. Nonlinear Optimization Problem

The optimal power flow problem is a nonlinear
optimization problem. It consists of a nonlinear objective
function defined with nonlinear constraints. The optimal
power flow problem requires the solution of nonlinear
equations, describing optimal and/or secure operation of
power systems. The general optimal power flow problem
can be expressed as a constrained optimization problem
as follows.

Minimize  f(x)
Subject to  g(x)=0, equality constraints
h(x) <0, inequality constraints

HIL.2. Objective Function

The objective function to be optimized is the total
production cost. This function is a combination of all
generators’ fuel costs in the entire system. The fuel-cost
characteristic of each generator is represented by using
either a quadratic or non-smooth function as shown in
below.

= "ia, +bB, +c, P +Id, sine,(P; - PGJ
i=1

/i is the fuel cost of the i generator

a;, by, c;, d; and e, are the cost coefficients of the
* generator

Pg, is the real power output of the i* generator

Ng is the total number of generators

IIL.3. System Constraints

Equality constraints of the OPF problem are real and
reactive power flow equations as described in (2) — (3).
Some variable limits of the system are inequality
constraints. These constraints can be formulated as
shown in (4) — (7).

N,
Poy=Po =Y IV IV, T, cosd,-5+8)=0 @)

=

Q-0 + DWWV, I, Isin@, -5 +8)=0 ()
=

VR, sy )
™ <T <T™ )
T SOy, S, ©)
Lk TR M
Where:
Np is the total number of buses
Pg, and Qg; are the real and reactive power
generation at bus i respectively
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Py, and Qp, are real and reactive power of load
respectively

Y,; and 6,; are the magnitude and angle of bus
admittance element ij

y;ma y™= are upper and lower limits of voltage
magnitude at bus i

7™, 7™ are upper and lower limits of tap
position of transformer i

mia e  gre upper and lower limits of

comp,i? ¥ comp i
reactive power source i

P Pg are upper and lower limits of power
generated by generator i

IV. Artificial Bees Colony Optimization

Artificial Bees algorithm [10,11,12] was proposed by
Karaboga in 2005 for solving numerical optimization
problems. It simulates the intelligent behavior of honey
bee swarms. In artificial bees algorithm, the colony of
artificial bees contains three groups of bees: employed
bees, and unemployed bees: onlookers and scouts. First
half of the colony consists of employed artificial bees
and the second half constitutes the artificial onlookers.
The employed bee whose food source has been exhausted
becomes a scout bee. The position of a food source
represents a possible solution to the optimization
problem and the nectar amount of a food source
corresponds to the quality or fitness of the associated
solution. The number of the employed bees is equal to
the number of food sources, each of which also
represents a site, being exploited at the moment or to the
number of solutions in the population. In artificial bees
algorithm, the steps given below are repeated until a
stopping criteria is satisfied.

(i) Initial phase: Initial population of artificial bee
swarms is created randomly by the following
formula.

x, =x“;+rand(0.l)’<(x..u —x.,.,) ®

(ii) Employed bees phase: each employed bee
determines a food source representing a site.
Each employed bee shares its food source
information with onlookers waiting in the hive
and then each onlooker selects a food source site
depending on the information taken from
employed bees. To simulate the information
sharing by employed bees in the dance area,
probability values are calculated for the
solutions by means of their fitness values using
the following equation.

T
P ="
P2

J=1

®
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20
L=+ (10)

1+ <0

The fitness values might be calculated using
the above definition as expressed in [11].

o)

I Initinlize a set of food sources r
| [ crete soou bees ccmpioyed snd |
| | odlooker)-Equation(®) |
r--.—\..- S———

Evahuethe fimess | | Create scout boes (cmployed l

1 ulmlooher] Equation (8) |

dmmw -—.| Seloct the mext food source '

ﬁ

]wmmwmm|

Fig. 1. Flowchart of the ABC procedure

(iii) Onlooker bees phase: onlookers are placed onto
the food source sites by using a fitness based
selection technique, for example roulette wheel
selection method.

(iv) Scout bees phase: every bee swarm has scouts
that are the swarm'’s explorers. The explorers do
not have any guidance while looking for food.
In case of artificial bees, the artificial scouts
might have the fast discovery of the group of
feasible solutions. In the searching algorithm,
the artificial employed bee whose food source
nectar has been exhausted or the profitability of
the food source drops under a certain threshold
level is selected and classified as the artificial
scout. The classification is controlled by
‘‘abandonment criteria” or “limit”’. If a solution
representing a food source position is not
improved until a predetermined number of trials,
then that solution is abandoned by its employed
bee and the employed bee becomes a scout.

Copyright © 2007 Praise Worthy Prize S.r.l. - All rights reserved

The procedure of the artificial bees colony algorithm
can be summarized in the flow diagram of Fig. 1.

V. Artificial Bees Colony Algorithms for
Solving Optimal Power Flow Problems

As described in the previous section, the ABC
algorithm is inspired by the intelligent behaviour of
honey bee swarms to discover places of food sources
with high amount of nectar. The most interesting feature
of the ABC is that it does not require any prior
knowledge or space limitations, such as smoothness or
convexity of the function to be optimized. It exhibits a
very good performance on the majority of the problems
applied. To employ the ABC for solving optimal power
flow problems, a brief description of the solution
framework is given as follows.

V.1. Control Parameters

Initially, the THS was designed to work on a real-
valued representation of the problem parameters. During
the searching process, a musical notation as a collection
of musical notes represents a solution vector. Let 35, be
a created musical notation. The power output of all

generating units ( P ,é ), the voltage magnitude and
Raglo &F all tuses ([7].8 ) and the tapping vaive of all
transformers ( T ) and reactive power injection from
reactive power compensators (éc ) are typical members
;:' (t:l:)rwlution vector and it can be written as described

s=[7 o W 5 7a] an

V.2.  Objective Function and Its Fitness

The total production cost is computed as the sum of
the individual unit costs and therefore used as the system
objective function. To account for all the system
constraints (2) — (7), the total production cost is
augmented by non-negative penalty terms to penalize the
constraint violations. Thus, the augmented cost function,
called the penalty function [29-30], is formed as (12).

Ny
P(%)=3 £(P)+0Q, +2, (12)
i=1
Where:
Qg is the penalty terms to penalize equality
constraints
Q, is the penalty terms to penalize inequality
constraints
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V1. Results and Discussion

The test systems were separated into two groups. The
first group consisted of four mathematical functions
which were a simple quadratic function, the circle
function, the Rosenbrock’s function and the
Bohachevski’s function. The second group employed
five standard IEEE test power systems which were the 6-
bus, 14-bus, 30-bus, 57-bus and 118-bus test power
systems [31]. The detail of each group was given as
follows.

VI1. Mathematical Test Functions

To evaluate the performance of the ABC algorithm
without a biased conclusion towards some selected
problems, four mathematical test functions as shown in
Fig. 2 — Fig. 5 associated with (13) — (16), respectively,

were used for this challenged.
10 4
8
:: 6
e 4 1 x
2 22
0 Fig. 5. Bohachevski’s test function
fx)=% +x; (13)
- 1 1
Fig. 2. Simple quadratic test funct fx)= (xf + x,’)“ sin 2{50(:4:,2 +x§)r° +0.l} (14)
f(x)=100("z _"11):""(1_31)2 1s)
f(1)=-ﬁ +2'r; —0'3"“(37“1) 16)
e —0.4cos(4mx,)+0.7
~ 4004
g The above four mathematical test functions are
= 200 regarded as a set of combined simple and commonly-

used functions for benchmarking. The summary for the
simulation results of 30 trials for each method per test
function (e.g. mean, minimum, maximum, standard
deviation, CPU time) were listed in Table I — IV for

[¥]

comparisons.

The results revealed that the ABC algorithm can find
the solutions with the same level of accuracy. When
considering the CPU time, the solution obtained by the
ABC algorithm was 22 — 24 times faster than those
obtained by the GA. Although the SQP was the fastest
among them, it was not successful to find the true global
solution where several local minima exist such as in the
Bohachevski’s test function.
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TABLEI
RESULTSOFHES[MM.EQUADMUCTESTFUNCTTON
Method Objective function :
Minimum Maximum Mean 5.D. CPU Time (s) CPU time ratio
SQP <1x10* <1x10* < 1x107 < 1x107 0.0156 0.069
GA < 1x10* < 1x10* <1x10* < 1x10* 5.1324 22.77
ABC < lxlO: <1xio* <1x10* < 1x10* 0.2254 1.000
* CPU time ratio = CPU time used by the contestant / CPU time used by the ABC
TABLEII
RESULTS OF THE CIRCLE 'l'g-S'!‘ FUNCTION
Objective function .
Bisthod Minimum Maximum Mean SD. CPUTIme ) Py time ratio
SQP <1x10* < 1x10% < Ix10* <1x10* 0.0142 0.059
GA < 1x10* <1x10* < 1x10™* <1x10* 54770 2.7
ABC <1x10* <1x10* < 1x10* <1x10* 02411 1.000
* CPU time ratio = CPU time used by the contestant / CPU time used by the ABC
' TABLEII
RESULTS OF THE ROSENBROCK"S TEST FUNCTION
Objective function : ’
Method Minimum Maximum Mean SD. CPU Time (5) CPU time ratio
SQP <1x10° <1x107 <1x107 <1x10° 0.0197 0.085
GA < 1x10* <1x10* < 1x10* < 1x10* 5.5677 24.09
ABC < 1x10* <1x10* < 1x10* < 1x10™ 0.2311 1.000
* CPU time ratio = CPU time used by the contestant / CPU time used by the ABC
TABLEIV
RESULTS OF THE BOHACHEVSKI'S TEST FUNCTION
Objective function =
Method Minimum Maximum Mean SD. CPUTIme(s)  Cpyj gime ratio
SQP < Ix10* 0.1812 0.0156 0.0314 0.0156 0.068
GA < Ix10* < ix10* < 1x10* < 1x10* 5.1959 22.57
ABC < 1x10™* < ix10* < ix10* < 1x10* 0.2302 1.000

* CPU time ratio = CPU time used by the contestant / CPU time used by the ABC

V1.2. IEEE Standard Test Systems

lhough a modemn electric power system consists of
types of power plants, in this research the tests
td on fossil power generation units only. A simple
of such a generator is made from its input fuel cost
and corresponding power output generated in MW
ut and output variables, respectively [32]. The test
scenarios were divided into two main conditions.
were smooth and non-smooth fuel-cost curve
ions. In the smooth curve case, all generators’ fuel-
curves were quadratic whilst the second test
iyed a valve-point loading function [35,36]. Fuel
tmction of each generator connected to the system
erally given in the form of valve-point loading
pn with having a quadratic term in it.

Smooth fuel cost case - quadratic cost function
this case, a quadratic fuel-cost function was
ed to all generators. The test was performed on an

Core 2 Duo, 24 GHz, 3.0 GB RAM with
LAB. The SQP used in these tests is of MATLAB
lization Toolbox [33-34]. Other three methods were
by using MATLAB programming. Three standard
test power systems (6-bus, 14-bus, 30-bus, 57-bus
18-bus) as shown in Fig. 6 — 10 were used for test.

This test case was performed with 30 computational trials
per method. The results of each test system were
presented in Tables 5 — 9, respectively. Table 10
described CPU time ratio comparisons between the ABC
method and the other two methods.

As shown in Table 5, the SQP can find the lowest
averaged minimum cost function that is 418.8620 €/,
The ABC is the method with the highest precision that is
an S.D. of 10.4851 with the second lowest averaged
minimum fuel cost. Although the GA and ABC can reach
the similar amount of averaged cost function, it spent
comparatively long computation time (62.2800 s for the
GA, 6.1536 s for the ABC and 2.9097 s for the SQP).
Undoubtedly, the SQP is the best choice of a small 6-bus
test system with quadratic fuel-cost function in the
execution time and minimum cost considerations. From
Tables 6, the ABC can find the lowest averaged
minimum cost function of 373.9864 €h. The ABC is
also the method with the highest precision whereas its
S.D. is 0.5127. Although the GA can reach the similar
amount of averaged cost function, it spent comparatively
long computation time (100.0874 s for the GA, 15.3139 s
for the ABC and 9.2358 s for the SQP). Table 7, the
ABC can find the lowest averaged minimum cost
function at 463.733 €h. From Tables 8, the ABC can
find the lowest averaged minimum cost function of
590.4034 €/h. The results were similar for the IEEE 118-
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bus test system as shown in Table 9. The ABC is the
fastest method to find the near global solutions with the
smallest S.D. Remarkably, the CPU time to find optimal
solutions by using the SQP is slower than those of the
ABC algorithm in the large 118-bus test system. The
SQP is suitable for the optimal power flow problem with
smooth fuel cost functions. When the total number of
buses in the entire system is relatively large, say 118
buses as in the given example, the ABC method showed
outstanding performance in finding the near global
solution and consuming the fast execution time. In
addition, the solution convergences for three selected test
cases were shown in 11 - 15.
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Fig. 9. Standard IEEE 57-bus test power system

TABLE V
RESULTS OF THE STANDARD IEEE 6-BUS TEST POWER SYSTEM FOR SMOOTH FUEL COST
Total production cost
Method — > €h CPU time (s)
Minimum Maximum Average 5D.
SQP 351.5242 557.1320 418.8620 55,1839 2.9097
GA 383.6745 586.2633 450.1367 58.3261 62.2800
ABC 368.0630 538.5500 423.4920 38.0931 6.15388
TABLE V1
RESULTS OF THE STANDARD IEEE 14-BUS TEST POWER SYSTEM
Total production cost
Method - - €M CPU time (s)
Minimum Maximum Average S.D.
sQp 372.6646 384.0442 374.0665 24761 92358
GA 373.2930 376.9141 374.3683 0.7561 100.0874
ABC 373.2492 374.8412 373.9864 0.5127 15.3139

Copyright © 2007 Praise Worthy Prize S.r.I. - All rights reserved
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Fig. 10. Standard IEEE 118-bus test power system

TABLE VII
RESULTS OF HIESTANDJ&RDIEEE%BUSTE_STPOWERSYSTEM FOR SMOOTH FUEL COST
Total production cost (€/h) .
Method
Minimum Maximum Average S.D. CEL] thne s}
SQP 462.1570 8693.3500 1101.8900 1999.1000 76.8828
GA 462.4670 465.7670 4640290 0.7487 457.4660
ABC 462.6990 465.1180 463.7330 0.4920 48.6542
TABLE VI
RESULTS OF THE STANDARD [EEE 57-BUS TEST POWER SYSTEM FOR SMOOTH FUEL COST
~ s o
Method — o!al L go Elhy CPU time (s)
Minimum Maximum Average S.D.
SQP > 1x10° > 1x10¢ > 1x10° > 1x10° 460.7739
GA 5892654 2026.8 712213 274.4687 1436.2
ABC 586.7784 609.985 590.4034 39521 155.8379
TABLE IX
RESULTS OF THE STANDARD IEEE 118-BUS TEST POWER SYSTEM FOR SMOOTH FUEL COST
Total production cost (€/h)
Method CPU time
Minizmm Maximn Average SD. U time (5)
sQP > 1x10° > 1x10° > 1x10° > 1x10° 1799.9
GA 43095 377520 133140 69404 5651.5
ABC 38279 3850.5 3840.1 5.3286 638.8858

Copyright © 2007 Praise Worthy Prize S.r.l. - All rights reserved
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TABLEX
— CPU TIME RATIO FOR SMOOTH FUEL COST
Test system CPU time ratio with respect to the SQP method CPU time ratio with respect to the GA method
6-bus 0473 10.120
14-bus 0.603 6.536
30-bus 1.580 9.402
57-bus 2957 9216
118-bus 2.817 8.846
° [-—-m * - ':% [
" -“‘\
I
i
e i
i
g 'a
3o i
H
1
1
I
w‘-‘\_\ |
\
o' - s W I;l' St it H‘?k "."
"w 0 w
Mamber of Bectica Fig. 14. Solution convergence for the 57-bus power system
Fig. 11. Solution convergence for the 6-bus test system (smooth fuel cost case)
(smooth fuel cost case)
| o =]
—
IF . "

0 W n;' ::v‘ |;}'
i Magnber of Rerstion.
K B .":-.“__ - w Fig. 15. Solution convergence for the 118-bus power system
Fig. 12. Solution convergence for the 14-bus power system (RmOUHNC Ty cac)
(smooth fuel cost case)
Y ¢ Non-smooth fuel cost case — valve point loading
== In this case, a valve-effect fuel-cost function was
assigned to all generators. Three standard IEEE test
N power systems (6-bus, 14-bus and 30-bus) were used for
~— test. This test case was performed with 30 computational
g "'“‘_“"'“““““““‘“\\ trials per method. The results of each test system are
g ) \ presented in Tables 11 — 13, respectively.
Fig. 13. Solution convergence for the 30-bus power system

(smooth fuel cost case)
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TABLE XI
RESULTS OF THE STANDARD IEEE 6-BUS TEST POWER SYSTEM FOR NON-SMOOTH CASE
Total production cost
Method — - Eh CPU time (s)
Minimum Maximum Average S.D.
SQP 217.8005 251.2565 219.936 5.9582 0.7344
GA 217.9507 228.6866 219.766 24358 15.7273
ABC 217.746 219.986 218.737 0.4984 5.7416
TABLE XII
RESULTS OF THE STANDARD IEEE 14-BUS TEST POWER SYSTEM FOR NON-SMOOTH CASE
T .
Method Sl it i | E/) CPU time (5)
Minimum Maximum Average S.D.
SQP 393.0719 620.1599 404.709 42544 9.1813
GA 393.9104 426.8578 400.0034 7.9385 51,5541
ABC 3523943 353.4678 353.1572 0.2896 15.3587
TABLE XIII
RESULTS OF THE STANDARD IEEE 30-BUS TEST POWER SYSTEM FOR NON-SMOOTH CASE
Total production cost (€/h
Method e CPU time (5)
Minimum Maximum Average S.D.
SQp 21.36 290747 347.081 493.168 76.0206
GA 221271 229.192 224.06 1.55033 302.106
ABC 180.544 181.994 181.339 0.374565 48.8614
TABLE XIV
CPU TIME RATIO FOR NON-SMOOTH CASE
__Test system CPU time ratio with respect to the SQP method CPU time ratio with respect to the GA method
6-bus 0.128 2739
14-bus 0.598 3.357
30-bus 1.556 6.183
10° _ 10’
=== BOP
rasenviens GA
Wh~—r? e ABC
o S .
10° ey 8 |
4 E: "! k] 10' k
10° I 1 ‘:uw.,“"“-‘? [
\ i 1
H | R—
i L™
10°} l \i 10°
L L al 10’ L i s
10° 10' 10° 10° 10° 10' 10° 10
Number of #eration Number of Reration
Fig. 16. Solution convergence for the 6-bus power system Fig. 17. Solution convergence for the 14-bus power system
(non-smooth fuel cost) (non-smooth fuel cost)
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Fig. 18. Solution convergence for the 30-bus power system
(non-smooth fuel cost)

The results show that, for the 6-bus system, the ABC
can again obtain the lowest averaged minimum cost
function (218.7370 €Mh, 219.7660 €h and 219.9360 €h
for ABC, GA and SQP respectively). Due to a small
number of control variables to be optimised, the SQP can
be an appropriate choice of solving the optimal power
flow problem even the fuel-cost function is non-smooth.
For the 14-bus test system, when comparing the averaged
minimum costs obtained among those methods, the ABC
is the best method (404.7090€h for the SQP,
400.0034 €h for the GA and 353.15728 €h for the
ABC). However, with calculation time comparison, the
ABC method can obtain the solution with the fastest
calculation time consumed (15.3587 s) among the other
intelligent search methods, while the others are far
behind (51.5541 s and GA, respectively). The last test
system is the 30-bus test system. The ABC is the best
method (347.081 €/ for the SQP, 224.06 €/ for the GA
and 181.339 €h for the ABC). Although the ABC is the
fastest method to find the solution, the ABC is the best
among all when considering both the minimum objective
value found and the lowest execution time. In addition,
Table 11 described CPU time ratio comparisons between
the ABC method and the other two methods for the non-
smooth case. Moreover, the solution convergences for
each test case were shown in Fig. 16 — 18. Although the
SQP is the fastest method, the ABC can find the most
accurate solution with satisfactory CPU time consumed.

VII. Conclusion

This paper described the use of artificial bees colony
algorithm to find optimal power flow solutions. This
work was conducted by 30 trials for both smooth and
non-smooth fuel-cost functions in which five standard
IEEE test power systems (6-bus, 14-bus, 30-bus, 57-bus
and 118-bus) were employed. The test also applied the
SQP and the genetic algorithm (GA) of 30 trials each for
comparison. The results showed that the artificial bees
colony algorithm can be the most accurate method with

Capyright © 2007 Praise Worthy Prize S.r.1. - Al rights reserved

satisfactory time consumed among all as it gives the
smallest standard deviation of the 30 trial solutions for
every test case. It also revealed that the SQP is suitable
for optimal power flow problems with smooth quadratic
fuel-cost functions where the total number of buses is
small.
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