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This thesis presents optimal power flow solution by using harmony search
method. The harmony search method is one of meta-heuristic search methods inspired
by the improvisation of musicians developed by Z.W. Geem in 2001. The proposed
method is employed in order to solve non-linearly constrained optimization
problems, so-called optimal power flow problems. It was challenged with five
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Thailand). The tests were divided into smooth, non-smooth fuel-cost cases and power
loss minimization case. The comparisons among solutions obtained by quasi newton
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(GA), particle swarm optimization (PSO) and the proposed method were conducted.
As revealed from the simulated results, the effectiveness of the proposed method for

solving OPF problems was confirmed and accepted.
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Minimize F;
Ng Np

Subject to ZPGI —ZPD[ =0 (3.2)
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3.4.4  35m35U5uInY (Penalty Method)
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A9A1319N 5.3
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~ [ z 1 a 4 [ axqg Y = o
MTNN 5.3 1J5‘U@aﬂTw15mmaimmtmamﬂmwummu

Algorithm BFGS PSO GA HS
Population size (NP) - 10 10 10
Maximum iteration 200 200 200 200

K o Y o & Y o VY o A
mﬂuummsmaaﬂ%hszuumaau 6 ud G]Nilghlﬂﬂﬁﬂﬁ“'tﬂﬁi’)xiﬂ"li@)l,‘ll"lﬂﬂgﬂ‘i/l 5.8
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300000 ! | | ! ! | | | !
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517 5.8 nswlmsgdvesuaagds

A 1 ad o < Y1 axn Y 1o 14
NANTIN LﬂJﬂLLﬁﬂZ’Jﬁ‘ﬂWﬂﬁﬂi%N’JﬁWﬁ 200 50U ilglﬁl‘!hlﬂ’ﬂ')‘ﬁ HS ﬂzgmqmmu"lﬂ

3 A I ax as am o w Y o 1

13INga imaamamﬂmﬁ BFGS 15 GA #0235 PSO f114Ua1a1 HaIN1IN1T1aodnN1TuIf
A Y an = = v Aag an 9 A d

FRUIENTANIYIT HS WSeuneuny 25 BFGS PSO 118225 GA Iﬂﬂﬁl%’izﬂﬂ‘ﬂﬂﬁﬂﬂﬂlﬂu
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e Bohachevsky’s function

Jd v ° 4 o o !
WenguTugusdivzligadiganarsge Feazimadenyadigaainmsdszaiua

Y v
o

7 o ¢ v A A ' o o A { 7
Tagldquaidunusinsdaduyaduganunodoenaiilsndudnganlndifeegud dofves

U Q

1y d v a A =\ ) [V :Jl =KX o 9 o o a [

WQﬂsﬁuTU81L‘Hwﬁﬂﬂﬂ HYAAFANIA1YYA muumumﬂﬂumiﬁ]mmﬂmmﬂuﬂmimm
~ A 1 ad 1 A A J ° Y A 1

MyIENga LW@@‘ﬁiJi3ﬂu$éllf]\ulﬁa$3531ﬁ1ﬂ1§ﬂﬂ1ﬂ1lﬁﬂ1$ﬂq@]ﬂlﬂuﬂqﬂ@nq@]qﬂﬁﬁﬂl’lﬂ

£ o o =
“NNE‘]JLL‘U‘U@Nﬁ'Nﬂ"IiTI (5.12)

Minimize f(x,,x,)=x; +2x2 —0.3cos(377x,)—0.4cos(47x,)+0.7 (5.12)

< 1 ' { o 1 I @ o { o *
naums wua vz ganii i lamileddudiigasz 1dgadiaen x =[0,0]

]
=

Faansouaaansmaouiiag 1daesli 5.9

U

f(X1,X2)

51/ 5.9 n5lneUII25 3 HAVeI Bohachevsky’s function



3 Y1 A o £ o A o A A o s
i]'lﬂﬂi'l‘V\lFﬂglﬁuhlﬂ?]'lﬂﬁ]ﬂ@']q@lﬂﬁ'lﬂﬂﬂ G]Nfl]g‘ﬂ'lﬂ'lilﬁ'f)ﬂilﬂ@]'lﬂ@'@ﬂlﬂ'lﬂﬂﬁﬂﬂ

a

= o I Y 1 ad o A
"]f\ﬁ]g‘lfl'l‘lﬁhlﬂﬂ1 X, Hag X, UDasIAIn1T 1NN 5.4

A1519% 5.4 1WTIUNUNANI5 31009989 Bohachevsky’s function LABZ IS

A1 X ez X,

2 o IAURAY
TUAOUID L . o awdesuy |
Adga Agaan fAundey (i)
MATFIU

BFGS | (-1.2225,-0.9334) | (1.2225,0.4695) | (-0.3476,-0.1092) | (0.7654,0.4022) | 0.0116

PSO (-0.0125,-0.0090) | (0.0074,0.0092) | (0.0005,0.0008) |(0.0046,0.0035) | 15.2513

GA (-0.0000,-0.0000) | (0.0000,0.0000) | (-0.0000,0.0000) |(0.0000,0.0000) | 48.5280

HS (0.0000,0.0000) | (0.0000,0.0000) | (-0.0000,-0.0000) | (0.0000,0.0000) | 0.2145

] Y 1 ]
INWANIT9180911I9131N1551809 30 ATI LAIMIAURAY AIFIEA AIRIGA LAZAT
~ £ g @ 9 <3 Y1 an ag
WeuuuwIasgIu suduianisnszalgvedvoya vzimula117% GAuag 75 HS 9y
Y 1 v o 1as 9 1 ax
4 (X,,X,) imnugadInen (0,0) 1635 GA 3¢ 15a1lumsdseurananinni1is HS 5030300

3 ax o v : o 1 Jou o * (% {
¥w11lu3% PSO naz BFGS mudey Feagih 1 Idmilandudige fix) = 0 Aaans1ei 5.5

A = 1 o o . ' A
1IN 5.5 LﬂiﬁlﬂlﬁﬂﬂﬂWWﬁﬂ%uﬁY@ﬂﬂJ@\‘l Bohachevsky’s function UAAZIs

AaRTU fx) B
» . — NAUNAY
JUADUID s ' D Aeau .
AAIga Agaga ANNAY Au)

WIATTI
BFGS 0.0000 2.2875 1.1138 0.8361 0.0116
PSO 0.0000 0.0043 0.0007 0.0010 15.2513
GA 0.0000 0.0000 0.0000 0.0000 48.5280
HS 0.0000 0.0000 0.0000 0.0000 0.2145

° [ J v o A <3 Y1 Aax Y Jd @ °
flﬂﬂlNaﬂTi%"IﬁfNﬂ"lﬂQﬂGb'uﬂTﬂ’s’m %zmu"lﬂm 19 GA 1ag HS ﬁ]%vlﬂﬂTW\iﬂ“HuGH

A 1w o 1as 9 1 Aan 3
NPAUNINUIAANNDU LLAIT GA %Glcvnaﬂumiﬂizmawamﬂmn‘ﬁ HS 59909181921 U

Y [ [
7% PSO 1Az BFGS U891 59001935 GA uag HS 92 lanndoauuinasgiuieaninisou o
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e Circle function
2nau (Circle) Usznou lddreya q vilaundoui lisev q yansiganila Taggan
A A Ao A ' Vo Yy Ay Y 2 9 Y A ' A
indouiuazyansiiuliszeziiamnuwane idun ldvzifwduTduiondt 2anaw nie
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! v Y ] 9
idusoUN FUTonganeiiudl gaguinals uagszezminuiwEendn Salveeaenan
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ﬂ']ﬁ']ﬂlﬁl!ﬂﬁ\?%Tﬂﬂﬂiﬂﬂﬂﬁl‘l\?ﬂu'}\‘]ﬂaﬂJﬁlfWW']H’Qﬂﬂﬂﬂﬂﬁ'l\?vlﬂv\lﬂﬂﬂﬁuﬁ LIUTYNAUUU

1 9 ] o @ QSJ’ 9 1 4 =\ 3| ] [T

VA UNTUFUINA N A UUFAUATUFUINAN llﬂ')']llfJ'I’JLﬂuaﬂﬁlﬂ’lﬂl@ﬂﬁﬂuﬂlﬂﬂﬂﬂﬂau

Tag@ 11508 1uIwaA1 (x, y) 1dUToU d1saldngnisanuiasifounuuni x =y
o d o A Y AN =\ o o d v =l Aan 9 £~

Uag UNU x Uag y V\Iﬂﬂ%uﬂ]ﬂﬂalllléllﬂﬂﬂ@ 3Jfﬂ§LlTWQﬂsﬂuﬁﬁiﬂﬂ!N@N"ﬂ%{luﬁﬂJﬂ'ﬁ "lfxillz‘l_lll‘]_lﬂ

% dy
aunNITaAIY

Minimize f(xl,xz)z(xlz-|-x§)l/4 {sinz(SO(xlz-l—x; )1/10)+0.1} (5.13)

= = o A < Y [

< Y1 o YY1 g o % *
ﬂ?ﬂﬁufﬂiﬁ]glfﬁullﬂ'J'IﬂHWiﬂZﬂﬁIﬂ‘VI‘VHGlWVLQﬂWWQﬂ"If‘L!ﬂ Nnga G]Nﬁ]%llﬂ%ﬂﬂW]fJ‘U X = [0,0]
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o
Tagenunsauaaangmaeuiiig laasgali 5.10
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7109 5.10 AT MABUNIT 3 UAVDA Circle function
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1A P 1 { o 1 d v 1 an
nnnswag lagadigaegngud deez 1am X, wag X, Ah A lasilsnsudigavesuaazis

a ]

A9A13 19N 5.6

¢:' =) = o . . 1 ad
A13°19% 5.6 WTBVNGUNANITT10099914 Circle function LAAZIT

q

X, X, '
PR 3 NaURAY
TUADUID . . AN o
maga AGIYA ANUNDY (@ITRIT)
WNTIIU

BFGS |(-2.2762,-1.9102) |(1.9327,2.1531) {(0.0150,-0.0001) | (1.4264,1.1296) |  0.0111
PSO | (-0.0094,-0.0135) | (0.0065,0.0151) | (-0.0001,0.0000) | (0.0033,0.0043) | 29.0924
GA [ (-0.0002,-0.0002) | (0.0002,0.0002) |(-0.0000,0.0000)| (0.0001,0.0001) | ~50.9805
HS | (-0.0650,-0.0732) | (0.1769,0.1674) | (0.0122,0.0075) | (0.0420,0.0425) |  0.2545

Y v
saeliandesuuniasgiuiiosni

o < Y
fl]’]ﬂWﬁﬂ1§fﬂ']a@Qﬂ$Lﬁullﬂj']

1 Qdd‘

199U ] 303U

wih i laailandudge fix) = 0 Aaas19h 5.7

133 PSO HS uay BFGS Ad1i1

d‘ =y = U v ol . h [ ax
AT NN 5.7 L‘]Jimefl‘]Jﬂ1Wﬂﬂ%u¢nE‘IﬂﬂJﬂQ Circle function LIAQEID

ag Y o Y A Y] o A
17 GA ﬁ]$llﬂﬂ1i‘5]@UiﬂalﬂﬂﬂﬂﬂﬂﬂﬂTﬁ@UﬂJTﬂ“ﬂﬁﬂ

q
v
o

Adlarsau fix) p
P - 3 1ANAY
VUABUIT o ' 5 ANVeUDY -
Mega Agaga ARy (AumN)

WATTIU
BFGS 0.0313 0.1770 0.1180 0.0423 0.0111
PSO 0.0015 0.0130 0.0057 0.0029 29.0924
GA 0.0006 0.0015 0.0011 0.0005 50.9805
HS 0.0001 0.0494 0.0129 0.0132 0.2545

o ' Jd v o A < Y1 an Y @ o A
i]'lﬂwafﬂii]'lﬁ@\iﬂ1ﬂ\1ﬂﬁlfuﬁﬂﬂ’(,:fﬂi]glfﬂullﬂ’l'l ’JﬁGAi]ghlﬂﬂﬁ/\I\?ﬂG]fuﬁ'l‘ﬂq@]

o o ! I a 12
IndifeanuyamineuuIniige s09aan9zduis PSO HS taz BFGS 1a35 GA 9z 19a1lums

1 adﬁ'

1 4
Uszunarnaunfigauazds BFGS vz l9a1lumsidszunanaiosniiitou q 50uma3s GA

Y1 A 9 A
i]%hlﬂﬂH“UENL‘UHMW]'iﬂﬂ‘!ufJEl‘V]’L‘;fﬂ
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e Quadratic function
o [ d o o w . . I A A Y] =
AU UnpulanFuni1a9a09 (Quadratic function) 1WunHenAuuINTUMIANYI
4 o [V y { o 3
madsygenaas lagamnsodeugduuunal1daeil lunsaingdnsmliidnsuziiuglne

A o' dy [ 1 [ a Qd Y o o w 9 1 [ a Q‘{d [
YN8 Y130 AN ﬂ$‘lluﬂgﬂ‘ﬂﬂ'lﬁ‘ll‘ﬂ3$ﬁ'ﬂ‘ﬁﬁu1ﬂjllﬂiﬂ1a\1ﬁﬂ\1 mvinmdulseansiai

Qo,d 1 9

J 4 I 1 1T W a J -4
wnngud vz ldnshiilugnstenae uadmnmidulszaniianiosndigud ez lansl

<3| o & o I Y = o A d? (5 A
Wusdnsrendr Fazild ldaumneiganuudganaz geigaiuegnugduuvvesilymin

Q U

(2

1 1 Jdo o
T lunmsmiaunuziga x) i ldvinsinvesiladduiideaesanson ldlagldgas
. 4 Y o w Y 1 o w L4
Quadratic formula ¥4 1d1191nAsz VUM asaumsideaeliedlugiidaesanysal
nsUssurmnilagede Quadratic function PIRINANNITNI second — order polynomial
< J o 1 o { .
Wumsdszinagiuuuvesilesnduinlndyageganiodiga Taef Quadratic formula g/t

[ Y
AIAUNITN (5.14) AU Quadratic formula Ao

—bEb* —4ac

2a

(5.14)

9y A Jdo o A IS A 1 oAA A ] A o AAaA 1A
%ﬂﬂﬂ]@\iﬂﬂﬂﬂ'la\i’ﬁﬂ\?ﬂ@ L‘]J‘L!’diJﬂﬁ‘WﬁW 11/]@1/]?!@1@\118 !H@Qﬂ1ﬂﬂ1%ﬂﬂﬁﬂﬂ$ﬁ]§ﬂﬂﬂﬂﬂﬂ

1 4
=KX A

~ = o w v A
NYIYALAY “]Nllgﬂll‘ﬂﬂ’ﬁllﬂﬁﬂWﬂQﬂﬂiﬂ\iu

Minimize f(x,,x,)=x +x; (5.15)
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= ~ o Y o

<3 1 J 1 J v ° { o *
nndumsszru ldanaunuzigand i ldailaidudingasz 1dgadinon x =[0,0]

a

Faemsauaainswlneusiag Iddegii 5.11
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f(X1,X2)

]

= " aso =
NFAVDILAASITAIAITNN 5.8

{ v an
707 5.11 n3MABUNIT 3 WAV Quadratic function

A1519% 5.8 1T eUNeVHAN1531009904 Quadratic function LAAZID

<3 1 o 1A s & { o v s o
ninnsaziiuldagadigaegigud ez laa X, wag X, M 1d Tdmilendud

A X ez X, '
PR 2 NaURaY
TUAOUIT . . o Audosu |
g GRLAL ANy (ui)

WATTIY
BFGS | (-0.0000,-0.0000) |(0.0000,0.0000) | (0.0000,0.0000) | (0.0000,0.0000) | 0.0108
PSO | (-0.0079,-0.0111) [(0.0115,0.0137) | (0.0007,0.0001) | (0.0036,0.0052) | 13.2559
GA | (-0.0000,-0.0000) | (0.0000,0.0000) | (0.0000,-0.0000) | (0.0000,0.0000) | 47.7309
HS (-0.0000,-0.0000) |(0.0000,0.0000) | (0.0000,-0.0000) | (0.0000,0.0000) | 0.2001
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o <3 1T A a o 1w
vInHan1ssiaesvztiuldi1 35 GA BFGS uazit HS v lad s uiminuga
o < aa 1A Y 9 1
fA1mou 5038901 UAT PSOUAIT BFGS vz 1dma1lunisdscuiranatosnin
25 GA 118 HS duAneuuuNINGgIu 35 GA BFGS 10225 HS 3 UANUgauuIaIgIu

! I A o : o 1 Jou o * o !
toohge 50903 Tu3T PSO mwdwy Feazi i ldmilasdudiga fix) =0 fam151991 5.9

v
o

A = = 1 J o . . 1 ad
A1519% 5.9 1WTsumeumilansudmigaves Quadratic function HAAZIT

a

Adlandu fx) y
2 — T2 auRaY
VUADUID o ' .4 QRNTIAINIAT! - 4
1A AR AURQY uM)

19331
BFGS 0.0000 0.0000 0.0000 0.0000 0.0108
PSO 0.0000 0.0000 0.0000 0.0000 13.2559
GA 0.0000 0.0000 0.0000 0.0000 47.7309
HS 0.0000 0.0000 0.0000 0.0000 0.2001

o ' v o A < Y1 an Y v o A 1w
ninwamsaesmiladudinga azimiulain it oz Idmiladudingaminuge
o oa/' P2 ~ [ 4 an ag 9
Anousuie ldaudounuuiasruminugudnuannis uazds BFGS vz 1dmarluns
Uszunanativsfiga daut GA agldnarlumsdszunanauiniiga
e Rosenbrock function
g

dy Aa A9y aA I A ' Y VA
AUNITWUNI Rosenbrock UUDAND Lﬂutfﬂﬂ”lﬁﬂﬂ”lﬂ”lﬂﬂﬂﬁﬂllﬂflTﬂlW'iTgﬂTVl

a
Y '

WINZauNgAIzed & VTNV VVBINUTIVEITUMIMINg M UININAToUAUTTOULNT

' A I A & A o
WWHWNW‘V]E‘IWU’ENLLG]azﬁﬁ %ngﬂlm‘uﬁuﬂﬁﬂﬂu

Minimize f(x,,x,)=100(x, —x;)*+(1—x,)’ (5.16)

= = o Y Jd v

<3 Y1 Y1 o A 4 o *
nnauns wmru lanauningiganild ldarlesndudingaes ldyadinou x =[1,1]

Faenunsonaaansaeuiag laaagai 5.12
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(X4, X2)

v
L
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e ____r
i

519 5.12 ﬂm/\lﬂ@uﬁa% 1AUD9 Rosenbrock function

U

] 1 o A
vinnsazmiu ldmdingas

18a1 X, ez X, vouaazI5aen15190 5.10

AL

Aa

A13199 5.10 1S uNeuNan1331a09U09 Rosenbrock function RIS
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Aa dy ~ = o Y
ﬂ?mmﬂﬂm@ﬂWHﬂW?mﬂﬂﬁNﬂTiQNﬂgﬂqiﬁ

X, tag X, '
PR C ANy
TUADUIT . . . GRBTEETNY o
GRERT L AgIga AUNAY GITRID)

WIATTIU
BFGS {(0.9993,0.9986) | (1.0000,1.0000) | (1.0000,0.9999) | (0.0001,0.0003) | 0.0772
PSO (0.8009,0.6384) | (1.2581,1.5827) | (1.0198,1.0493) | (0.0957,0.1989) | 13.2822
GA (0.9994,0.9988) | (1.0004,1.0008) | (0.9999,0.9998) | (0.0002,0.0004) | 48.1412
HS (0.9997,0.9993) | (1.0068,1.0137) | (1.0003,1.0005) | (0.0012,0.0025 0.2071

° [~} Y1 aa Yo Y o °
vnnan1ss1assaziin1d11 35 BFGS v lddaeulndifesdugadiaounin
A I ax 1 oA aa A A
g sp9a9uniul® GA HS waz PSO druandeununiasgiu 35 BFGS szlinuieau
{ I a : o 1 Jo o *
nasgIutiosfigasosaanuduits GA HS uag PSO davziild laarilandudge fix) =0

A3 19N 5.11
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M131N 5.11 L‘iJ'ifJ‘]JL“I/IEJ‘Uﬂ"IWQﬂ“Iﬂ!@HQ’WU@Q Rosenbrock function UADSID

70

Ailandiu f(x) g
P — T2 nauRaY
VUADUID o ' .o ANTYIUDY - A
AN MYIA AURQY Qun)

a3
BFGS 0.0000 0.0000 0.0000 0.0000 0.0772
PSO 0.0000 0.0666 0.0098 0.0162 13.2822
GA 0.0000 0.0000 0.0000 0.0000 48.1412
HS 0.0000 0.0000 0.0000 0.0000 0.2071
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UNN 6

Nan1Ineaay

6.1  unin

& 2 = 79 Yax 9 Yo

e Tuuntinandimsszgnalinsmsaumanuussamlumsunilymims lva

) (% d' d! 9 % Y L% % Y [
yoamae il unuiziga ¥eldszuonaaon 6 a 1417 30 17a 57 7@ 118 e 169 1d
@ = L 1 A

(Mlw.) uaz 9 Tar (115kV UATNFA 2) Tagmanaaouuuilu 4 du Ao

1. msudilgninis lvavesiiadlddumuiziga Fanorswuinissielvan
pg19sgndavesszuunaaoy 61ia 141a 3010a 5710a 1181a uagszvunadoy
yoam s Iidhenaaurslszimalnevesnianarsaeuuunazninnatsdiuaz Juan

% o do o s J o . .
591 169 et Tag1dilenduiagiszasandusideaeanus 5 en (smooth quadratic function)
Y ya v ~

11821975 BFGS GA PSO uag HS Tumsmiauinziga

2. msudilyninis lnavesirde vz fige deiarswinissieInanodis

o o o o do o A g o
Usgndavesszuunadou 6 Ud 14 7a nag 30 va Taoldilanduiagiszasdniiuilendu
A A IS J ] = . . .
wmsgmﬂmmqwawigmmu"lmamma‘u (non — smooth valve point loading function)
Y_q Yas 1 =

1821935 BFGS GA PSO uag HS Tumsmanruiziga

3. maunilgming lnavesdide Iz g Fensanmssaasstids i

= % [y Ju o s d
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° %’ayammizuumﬁau (system data)

systemdata.m

function systemdata()

global busdata ldata MV Abase Qlimit n PV Vsch kVbase gencost ybus rho

%NO mag V ang V P gen Q gen P load Q load

busdata=[ 1 1 0 0 0 0 0
2 1 0 0 0 0 0
3 1 0 0 0 55 11
4 1 0 0 0 0 0
5 1 0 0 0 30 18
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Idata=[ 1

5
MV Abase= 100;

kVbase = 230;

%Bus NO.

gencost=[ 1

return

PGmin
(MW)
50

20

PGmax
(MW)
200

80

0.123
0.080
0.097
0.000
0.282
0.723

0.000

QGmin

(MVAR) (MVAR)

-20

-20

0.518
0.370
0.407
0.300
0.640
1.050

0.133

QGmax

150

60

ai

1.000

1.000

1.000

1.025

1.000

1.000

1.100

bi

100

500

ci

100

100
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4 o 1 Jd o .
iie lddoyaszuunaaenndd 117131181 Ybus 91n#endu build_ybus v095211)
9 a s & . =\ [ dy
NATOUIINTOYA Idata 11AZ HOANANAUTATIAY (line_charge) Tl Tsunsus il

)
° NITEIN ybus VONTEUUNATDU

build_ybus.m

function ybus = build_ybus()

global busdata ldata MV Abase Qlimit n_ PV Vsch kVbase gencost ybus rho

ybus = [];
u = max(Idata(:,2));
v = max(ldata(:,3));
n_bus = max(u,v);
n_line = size(ldata,1);
ybus(n_bus,n_bus) = 0;
for k=1:n_line
p = ldata(k,2);
q = ldata(k,3);
Ypq = 1/(1data(k,4) + Idata(k,5)*1);
line_charge = Idata(k,6)*i;
t = ldata(k,7);
ybus(p,q) = ybus(p,q)-t*Ypg;
ybus(q.p) = ybus(p,q);
ybus(p,p) = ybus(p,p)+t*Ypq+t*(t-1)*Ypq+line_charge;
ybus(q,q) = ybus(q,q)+t*Ypq+(1-t)*Ypq+line_charge;

end

return
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fpen.m

function f=fpen(x)

global busdata ldata MV Abase kVbase gencost ybus rho

% PGl PG2 Qc4 Qcb6 V1l V2 o1 982 T34 T56
Amax=[gencost(:,3); gencost(:,5); 1.1*ones(6,1); 30*ones(6,1); 1.1*ones(2,1)];

Amin=[gencost(:,2); gencost(:,4); 0.9*ones(6,1); -30*ones(6,1); 0.9*ones(2,1)];

busdata(1,4)=x(1);%PGl1
busdata(2,4)=x(2);%PG2
busdata(4,5)=x(5);%Qc4

busdata(6,5)=x(6);%Qc6

aa=0;

%----mag V

for rr=1:6
aa(rr,1)=x(4+rr);
end
busdata(:,2)=aa(:,1);
qq=0;

%----angle V

for ss=1:6

qq(ss,1)=x(10+ss);

end
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busdata(:,3)=qq(:,1);
1data(7,7)=x(17); %T34

ldata(4,7)=x(18); %T56

ybus = build_ybus;

mag_V=[busdata(:,2)];

ang_V=[busdata(:,3)];

%************make Function COSt******************

PG=[busdata(1,4),busdata(2,4)] / MV Abase;

FT=0;

NG=length(gencost(:,1));

for k=1:NG
FT=FT+gencost(k,8)+(gencost(k,7)*PG(k))+(gencost(k,6)*((PG(k))*2));

end

%************end make Function COSt******************

Qo Rk kAR E quality Constraints™**#k skt kiontskk
sum_Ps=0;
sum_Qs=0;
sum_P=0;
sum_Q=0;
NB=length(busdata(:,1));
for k=1:NB
%Psch=Pg-Pd
Psch=busdata(k,4)/MV Abase-busdata(k,6)/MV Abase;

Qsch=busdata(k,5)/MV Abase-busdata(k,7)/MV Abase;
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dP(k)=Psch;
dQ(k)=Qsch;

for j=1:NB

dP(k) = dP(k)-(mag_V(k)*mag_V(j)*abs(ybus(k,j))*cos(angle(ybus(k,j))+ang_V(j)*pi/180

- ang_V(k)*pi/180));

dQ(k) = dQ(k)+(mag_V(k)*mag_V(j)*abs(ybus(k,j))*sin(angle(ybus(k,j))+ang_V(j)*pi/180

-ang_V(k)*pi/180));
end
sum Ps=sum Ps+(dP(k));
sum_Qs=sum_Qs+(dQ(k));
end
gprrrrrrrrrrrrend equality constraints¥FHFFE LK

Ok kR {nequality constraints®*HHFH kkskk kot
Var=[x];
PT=0;
for k=1:length(Amax)
up(k)=0;
down(k)=0;
if Var(k)>Amax(k)
up(k)=rho*(Var(k)-Amax(k))"2;
elseif Amin(k)>Var(k)
down(k)=rho*(Amin(k)-Var(k))"2;
end
PT=PT+up(k)+down(k);

end

% ************end inequality Constraints******************
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harmony.m

function [xbest,fbest] = harmony(f,xL,xU,HSparams)

% HARMONY basic Harmony Search minimization for continuous variables

% Unpack the parameter vector
HMS = HSparams.HMS;
MaxImp = HSparams.MaxImp;
HMCR = HSparams.HMCR;
PAR = HSparams.PAR;

b = HSparams.b;

N =length(xL); % Number of decision variables
HM = zeros(HMS.,N);
F = zeros(HMS,1);

xnew = zeros(1,N);

% Randomly initialize HM, taking care to keep each variable within bounds.
% Evaluate the corresponding objective function values.
for j = 1:HMS
HM(,:) = xL + (xU-xL).*rand(1,N);
FG) = fHMG,);
end

% Loop through MaxImp improvisations
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for j = 1:MaxImp
% Improvise a new harmony: loop though each variable
fori=1:N
% Randomly perform one of the three HS operations
if rand < HMCR
% Memory considering: randomly select a note stored in HM
xnew(i) = HM(ceil(rand*HMS),1);
if rand < PAR
% Pitch adjusting: randomly adjust the pitch slightly
% within +/- b(i), and ensure bounds are satisfied
xnew(i) = xnew(i) + (2*rand-1)*b(i);
else
xnew(i) = xnew(i);
end
xnew(i) = min(max(xnew(i),xL(1)),xU(1));
else
% Random playing: randomly select any pitch within bounds
xnew(i) = xL(i) + rand*(xU(1)-xL());
end
end % Finished improvising a new harmony
% HM update: check whether the new harmony is better than the worst

% harmony currently in HM

fnew = f(xnew);

[fworst,idxworst] = max(F);
if fnew < fworst
HM(idxworst,:) = xnew;
F(idxworst) = fnew;

end
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end % Maximum number of improvisations reached

% Return the best harmony found
[fbest,idxbest] = min(F);

xbest = HM(idxbest,:);

return
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run_hs.m

% HS: Harmony Search minimization
clc;clear all;
global busdata ldata MV Abase Qlimitn PV Vsch kVbase gencost ybus rho

run('systemdata’)

rho=10"(6);
Cost_int=inf;
max_iter=30;

disp(['rho=" num2str(rho)])

rand('twister',5489);% Commment out to start rand from current position

f= @fpen;

xL = [gencost(:,2); gencost(:,4); 0.9%ones(6,1); -30*ones(6,1); 0.9*ones(2,1)];

xU = [gencost(:,3); gencost(:,5); 1.1*ones(6,1); 30*ones(6,1); 1.1*ones(2,1)];

% Set HS algorithm parameters
HSparams.HMS =10;
HSparams.MaxImp =50000;
HSparams. HMCR =0.8;
HSparams.PAR =0.4;
HSparams.b =(xU-xL)/1000;
for k=1:max_iter

iiter(k)=k;

rand('state’,sum(100*clock))

tic;
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[xbest,fbest] = harmony(f,xL,xU,HSparams);

T(k)=toc;
PG1(k)=xbest(1);
PG2(k)=xbest(2);
mag_V1(k)=xbest(3);
mag_V2(k)=xbest(4);
ang_V1(k)=xbest(5);
ang_V2(k)=xbest(6);
Qc4(k)=xbest(7);
Qc6(k)=xbest(8);
T34(k)=xbest(9);
T56(k)=xbest(10);
Cost(k)=fbest;
if Cost(k)<=Cost _int
min_Cost=Cost(k);
Ans_xopt=xbest;
Cost_int=Cost(k);
iter=k;

end

end

% Perform minimization
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STUUNATL
A o o o a a e’dy 9
szuunaaeuntuiinssiasaluInesinuii Ussnevdleszuunaaey 7 52Ul
AoszuuNaaeY 6 1ia 14 17a 30 e 57 aa 118 a szuvsreiaa i 115 Alalrad (9 e
UATIIFANN 2) HazszuunaaeuveIms Wi endauralszmea lnedalsznaudlonia

Y
AANADUVULAZNMANZIUANTIN 169 1T T10a21DIAUDITEULNATD LA LAgI5]
9.1 STUVNATIV 6 Ve

15199 1.1 YoyatiduesszuUNAdoU 6 d

3 usautia | drdaldihege | dddliiGueniivl | Tuaaese | Traaiueniivl
v (p.u.) (MW) (MVar) (MW) (MVar)

1 1.0000 0.0000 0.0000 0.0000 0.0000

2 1.0000 0.0000 50.0000 0.0000 0.0000

3 1.0000 0.0000 0. 0000 55.0000 13.0000

4 1.0000 0.0000 0. 0000 0.0000 0.0000

5 1.0000 0.0000 0. 0000 30.0000 18.0000

6 1.0000 0. 0000 0. 0000 50.0000 5.0000

AT 9.2 YoyameduoITEUINATOU 6 1id

No. NNUd v BuTUAUT (p.u.) uidnileutlas (p.u.)
1 1 6 0.1230+j0.5180 1.0000
2 1 4 0.0800+j0.3700 1.0000
3 4 6 0.0970+j0.4070 1.0000
4 6 5 0.0000+j0.3000 1.0250
5 5 2 0.2820+j0.6400 1.0000
6 2 3 0.7230+j1.0500 1.0000
7 4 3 0.0000+j0.1330 1.1000
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A J v ' dy a % Yoy Jdo o w ~
ATNN V.3 ‘W\1ﬂﬂﬂ!ﬂnﬂfﬁ]tWﬁﬁﬂJENi%‘U‘Uﬂﬂﬁﬂ‘U 6 Uﬁiﬂﬂl"]f‘l/\lx‘lﬂ“]f‘llﬂ'lﬁxﬁﬁ’f]xiuﬂﬂﬁﬂlﬁEJ‘]J

Pmin Pmax
GEN. Bus NO. a, b, c,
(MW) (MW)
1 1 0.0000 100.0000 100.0000 50.0000 200.0000
2 2 0.0000 500.0000 100.0000 20.0000 80.0000
M13197 1.4 anFuanFemasvesszuunaasy 6 v TaslFiladduniiyailandvaioga
puuliswisey
Pmin Pmax
GEN. |Bus NO. a, b, C, €,
(MW) (MW)
1 1 150.0000 | 2.0000 | 0.0016 |50.0000 | 0.0630 | 50.0000 | 200.0000
2 2 25.0000 | 2.5000 | 0.0100 |40.0000 | 0.0980 | 20.0000 80.0000

o (% 3 1 ~ [ A 9 ] A o 9 9
ﬂ’lﬂ’lﬁﬂﬁﬂ?‘]\?ﬂ’ln’ill'w‘ﬂ’q{‘ﬂiﬂﬂﬂ'ﬁﬂﬁﬂﬂilﬂﬂllﬂﬁlW@iﬁ@gium@Ulﬂlﬁﬂﬂ’lﬁuﬂ Llﬂ')ﬁl‘lf
a1 AW Y 1 Yy v o A o Ay Yy ' ~
IDON 9 Vlllﬂﬂann1"11Nﬁuelum’imﬂma’ummzmjﬂ IﬂﬂﬂWﬁ@U‘ﬂllﬂﬁ@\‘]ﬂgal,u"ll@‘ﬂl"llﬁ‘ﬂ

A1HUA AIA1519N 1.5

M13199 1.5 AunlsnihmInuauveIszIINaael 6 1

Fusfinauau voUIIARIA VOUIUAFIA
P, (MW) 50.0000 200.0000
P, (MW) 20.0000 80.0000
Q, MVar) 0.0000 50.0000
Q,(MVar) 0.0000 50.0000

V-V, (p.u.) 0.9000 1.1000
d,-0, (degree) -30.0000 30.0000
T,, (pu.) 0.9000 1.1000
T, (p.u) 0.9000 1.1000
Q., MVar) 0.0000 50.0000
Q. (MVar) 0.0000 50.0000
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M13199 1.6 Yoyatiduesszuunadoy 14 1d
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3 usadurier | Midaluihega | mdeluiGuenii | Tvaaese | Tnaasueniiv
e (p.u.) (MW) (Mvar) (MW) (Mvar)
1 1.0000 232.0000 0.0000 0.0000 0.0000
2 1.0000 40.0000 -42.4000 21.7000 12.7000
3 1.0000 0.0000 0.0000 94.2000 19.0000
4 1.0000 0.0000 0.0000 47.8000 0.0000
5 1.0000 0.0000 0.0000 7.6000 1.6000
6 1.0000 0.0000 0.0000 11.2000 7.5000
7 1.0000 0.0000 0.0000 0.0000 0.0000
8 1.0000 0.0000 0.0000 0.0000 0.0000
9 1.0000 0.0000 0.0000 29.5000 16.6000
10 1.0000 0.0000 0.0000 9.0000 5.8000
11 1.0000 0.0000 0.0000 3.5000 1.8000
12 1.0000 0.0000 0.0000 6.1000 1.6000
13 1.0000 0.0000 0.0000 13.5000 5.8000
14 1.0000 0.0000 0.0000 14.9000 5.0000

M15199 1.7 YoyamedeuesszuunadoU 14 1d

&7

No. Nnva fala BUNUAT (p.u.) uiidndeuad (p.u.)
1 1 2 0.0194+j0.0592 1.0000
2 1 5 0.0540+j0.2230 1.0000
3 2 3 0.0470+j0.1980 1.0000
4 2 4 0.0581+j0.1763 1.0000
5 2 5 0.0570+j0.1739 1.0000
6 3 4 0.0670+j0.1710 1.0000
7 4 5 0.0134+j0.0421 1.0000
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No. NN fava BUTUAUH (p.u.) uinieutlas (p.u.)
8 4 7 0.0000+j0.2091 0.9500
9 4 9 0.0000+j0.5562 0.9500
10 5 6 0.0000+j0.2520 0.9500
11 6 11 0.0950+j0.1989 1.0000
12 6 12 0.1229+j0.2558 1.0000
13 6 13 0.0662+j0.1303 1.0000
14 7 8 0.0000+j0.1762 0.9500
15 7 9 0.0000+j0.1100 0.9500
16 9 10 0.0318+j0.0845 1.0000
17 9 14 0.1271+0.2704 1.0000
18 10 11 0.0820+j0.1921 1.0000
19 12 13 0.2209+j0.1999 1.0000
20 13 14 0.1709+j0.3480 1.0000

A J v ' dy a % Yoy Jdo o w =
AT NN V.8 ‘Waﬂﬁvumwamawmazuumaau 14 “LIﬁTﬂ81%T\|Qﬂ%uﬂ1a\1ﬁﬁ]\illﬂﬂi1ﬂﬁEJ’]J

Pmin I)max
GEN. Bus NO. a, b, c,
(MW) (MW)
1 1 150.0000 2.4500 0.0150 50.0000 200.0000
2 2 44.4000 3.5100 0.0225 20.0000 80.0000
3 3 55.0000 2.7500 0.0175 15.0000 50.0000
4 6 40.6000 3.8900 0.0130 10.0000 30.0000
5 8 75.0000 2.8500 0.0275 10.0000 35.0000
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{ a 4
nuyalanavaieya

sy lis s ey
Pmin Pmax
GEN. | Bus NO. a, b, c, d, ¢
(MW) (MW)
1 1 150.0000 | 2.0000 | 0.0016 | 50.0000 | 0.0630 | 50.0000 | 200.0000
2 2 25.0000 | 2.5000 | 0.0100 | 40.0000 | 0.0980 | 20.0000 | 80.0000
3 3 55.0000 | 2.7500 | 0.0175 | 0.0000 | 0.0000 | 15.0000 | 50.0000
4 6 40.6000 | 3.8900 | 0.0130 | 0.0000 | 0.0000 | 10.0000 | 30.0000
5 8 75.0000 | 2.8500 | 0.0275 | 0.0000 | 0.0000 | 10.0000 | 35.0000

M3°199 9,10 AwtlsNimsnIugNveITEUIUNAGO 14 1

Fulsiiarunu VOUIUAR 1A YOUIYAFIA
P, (MW) 50.0000 200.0000
P, (MW) 20.0000 80.0000
P, (MW) 15.0000 50.0000
P, (MW) 10.0000 30.0000
P, (MW) 10.0000 35.0000
Q, MVar) -20.0000 150.0000
Q, MVar) -20.0000 60.0000
Q, MVar) -15.0000 44.0000
Q,(MVar) -15.0000 62.5000
Q, MVar) -10.0000 40.0000
V-V, (pu) 0.9000 1.1000
d,- 8, (degree) -30.0000 30.0000
T, (pu.) 0.9000 1.1000
T,, (pu.) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
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aunlsnaruny VOUUAAYA VOUIUAGIGA
T, (p.u) 0.9000 1.1000
T,, (p.u.) 0.9000 1.1000

.3

sTUUNaaeU 30 Ve

o

319 .11 Foyatiavosszunmadon 30 1
3 ussgntia | haeliinse | sadldihSueniin | Tuasese | Tuasiueniivl
v (p.u.) (MW) (MVar) (MW) (MVar)
1 1.0000 23.5400 0.0000 0.0000 0.0000
2 1.0000 60.9700 0.0000 21.7000 12.7000
3 1.0000 0.0000 0.0000 2.4000 1.2000
4 1.0000 0.0000 0.0000 7.6000 1.6000
5 1.0000 37.0000 0.0000 0.0000 0.0000
6 1.0000 0.0000 0.0000 0.0000 0.0000
7 1.0000 0.0000 0.0000 22.8000 10.9000
8 1.0000 21.5900 0.0000 30.0000 30.0000
9 1.0000 0.0000 0.0000 0.0000 0.0000
10 1.0000 0.0000 0.0000 5.8000 2.0000
11 1.0000 19.2000 0.0000 0.0000 0.0000
12 1.0000 0.0000 0.0000 11.2000 7.5000
13 1.0000 26.9100 0.0000 0.0000 0.0000
14 1.0000 0.0000 0.0000 6.2000 1.6000
15 1.0000 0.0000 0.0000 8.2000 2.5000
16 1.0000 0.0000 0.0000 3.5000 1.8000
17 1.0000 0.0000 0.0000 9.0000 5.8000
18 1.0000 0.0000 0.0000 3.2000 0.9000
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A15199 .11 eﬁ'ay‘aﬁammizuumaau 30 17d (9)

3 useeutia | saelvinge | hadluiGueniiv | Tnasess | Tnaasueniial
o (p.u.) (MW) (MVar) (MW) (MVar)
19 1.0000 0.0000 0.0000 9.5000 3.4000
20 1.0000 0.0000 0.0000 2.2000 0.7000
21 1.0000 0.0000 0.0000 17.5000 11.2000
22 1.0000 0.0000 0.0000 0.0000 0.0000
23 1.0000 0.0000 0.0000 3.2000 1.6000
24 1.0000 0.0000 0.0000 8.7000 6.7000
25 1.0000 0.0000 0.0000 0.0000 0.0000
26 1.0000 0.0000 0.0000 3.5000 2.3000
27 1.0000 0.0000 0.0000 0.0000 0.0000
28 1.0000 0.0000 0.0000 0.0000 0.0000
29 1.0000 0.0000 0.0000 2.4000 0.9000
30 1.0000 0.0000 0.0000 10.6000 1.9000

A15199 .12 FoyamodeuesszuUnadeU 30 Ud

No. NnUa fava duNUAUT (p.u.) ufingieunad (p.u.)
1 1 2 0.0200+j0.0600 1.0000
2 1 3 0.0500+j0.1900 1.0000
3 2 4 0.0600+j0.1700 1.0000
4 3 4 0.0100+j0.0400 1.0000
5 2 5 0.0500+j0.200 1.0000
6 2 6 0.0600+j0.1800 1.0000
7 4 6 0.0100+j0.0400 1.0000
8 4 12 0.0000+j0.2600 1.0000
9 5 7 0.0500+j0.1200 1.0000
10 6 7 0.0300+j0.0800 1.0000




A5 .12 YoyamedwesszuUNAdoU 30 1Ud (Ap)
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No. NN fava BUNUAT (p.u.) uidnileutlad (p.u.)
11 6 8 0.0100+j0.0400 1.0000
12 6 9 0.0000+j0.2100 1.0000
13 6 28 0.0200+j0.0600 1.0000
14 6 10 0.0000+j0.5600 1.0000
15 8 28 0.0600+0.2000 1.0000
16 9 11 0.0000+j0.2100 1.0000
17 9 10 0.0000+j0.1100 1.0000
18 10 20 0.0900+j0.2100 1.0000
19 10 17 0.0300+j0.0800 1.0000
20 10 21 0.0300+j0.0700 1.0000
21 10 22 0.0700+j0.1500 1.0000
22 12 13 0.0000+j0.1400 1.0000
23 12 14 0.1200+j0.2600 1.0000
24 12 15 0.0700+j0.1300 1.0000
25 12 16 0.0900+j0.200 1.0000
26 14 15 0.2200+0.2000 1.0000
27 15 18 0.1100+j0.2200 1.0000
28 15 23 0.1000+j0.2000 1.0000
29 16 17 0.0800+j0.1900 1.0000
30 18 19 0.0600+j0.1300 1.0000
31 19 20 0.0300+j0.0700 1.0000
32 21 22 0.0100+j0.0200 1.0000
33 22 24 0.1200+j0.1800 1.0000
34 23 24 0.1300+j0.2700 1.0000




A1599 2,12 YoyamodwesszuunadeU 30 1d (A)
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No. NN fava BUNUAT (p.u.) uidnileutlad (p.u.)
35 24 25 0.1900+j0.3300 1.0000
36 25 26 0.2500+j0.3800 1.0000
37 25 27 0.1100+j0.2100 1.0000
38 28 27 0.0000+j0.4000 1.0000
39 27 29 0.2200+j0.4200 1.0000
40 27 30 0.3200+j0.600 1.0000
41 29 30 0.2400+j0.4500 1.0000

~ - 1 Ay a o 9 o % o w ~
A15199 V.13 WINFUAUTOINAIVDITZVUNATOU 30 e laglsHeansumaeaoauusus oy

Pmin Pmax
GEN. Bus NO. a, b, C;
(MW) (MW)
1 1 150.0000 2.4500 0.0150 50.0000 200.0000
2 2 44.4000 3.5100 0.0225 20.0000 80.0000
3 5 55.0000 2.7500 0.0175 15.0000 50.0000
4 8 75.0000 2.8500 0.0130 10.0000 35.0000
5 11 40.6000 3.8900 0.02575 10.0000 30.0000
6 13 90.5000 3.3000 0.0165 20.0000 40.0000
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Jou Aa

~ J v 1 dy a o 9 o a 4
M1371990 .14 HanFuauramavesszuunadey 30 tid laslslanduniyailandivatsya

wyp liswis ey
Pmin Pmax
GEN. | Bus NO. a, b, c, d, €
(MW) (MW)
1 1 150.0000 | 2.0000 | 0.0016 |50.0000| 0.0630 50.0000 | 200.0000
2 2 25.0000 | 2.5000 | 0.0100 |40.0000| 0.0980 20.0000 80.0000
3 5 0.0000 | 1.0000 | 0.0625 | 0.0000 | 0.0000 15.0000 50.0000
4 8 0.0000 | 3.2500 |0.00834 | 0.0000 | 0.0000 10.0000 35.0000
5 11 0.0000 | 3.0000 |0.02575| 0.0000 | 0.0000 10.0000 30.0000
6 13 0.0000 | 3.0000 | 0.0250 | 0.0000 | 0.0000 12.0000 40.0000

M137199 .15 Alsnihmsnluguvesssuunaaey 30 U

Fulsfinaugy vouwARIeA YOUIAGIGA
P, (MW) 50.0000 200.0000
P, (MW) 20.0000 80.0000
P, (MW) 15.0000 50.0000
P, (MW) 10.0000 35.0000
P, (MW) 10.0000 30.0000
P, (MW) 12.0000 40.0000
Q, MVar) -20.0000 150.0000
Q, MVar) -20.0000 60.0000
Q, MVar) -15.0000 44.7000
Q, MVar) -15.0000 62.5000
Q,, (MVar) -10.0000 40.0000
Q,, (MVar) -15.0000 48.7000
V-V, () 0.9000 1.1000
d, - 9, (degree) -30.0000 30.0000
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M3 915 A3 NNINMIAIVANVOITLULNATOU 30 1d (AD)

ﬁagtﬂiﬁmmu mamﬁuﬂﬁwﬂ VOUUAGIGA
T, ,, (p.u.) 0.9000 1.1000
T,, (p.u.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
T, (pu.) 0.9000 1.1000

V4 STUUNAAOU 57 Ve

M13197 .16 Yoyatiavosszuunadol 57 d

3 ussuiie | Mrdeliihege | ddaluiGueniiv | Tnaassa | Tnaasueniivl
o (p.u.) (MW) (MVar) (MW) (MVar)

1 1.0400 478.9000 -16.1000 55.0000 17.0000

2 1.0100 0.0000 -0.8000 3.0000 88.0000

3 0.9850 40.0000 -1.0000 41.0000 21.0000

4 0.9810 0.0000 0.0000 0.0000 0.0000

5 0.9760 0.0000 0.0000 13.0000 4.0000

6 0.9800 0.0000 0.8000 75.0000 2.0000

7 0.9840 0.0000 0.0000 0.0000 0.0000

8 1.0050 450.0000 62.1000 150.0000 22.0000
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A15199 V.16 %’ay‘aﬁammizuumaau 57 11 (9)

3 usautia | Mdelvihese | MasludSueniivl | Tvamess | Tnaasueniiv
e (p.u.) MW) (MVar) (MW) (MVar)
9 0.9800 0.0000 2.2000 121.0000 26.0000
10 0.9860 0.0000 0.0000 5.0000 2.0000
11 0.9740 0.0000 0.0000 0.0000 0.0000
12 1.0150 310.0000 128.5000 377.0000 24.0000
13 0.9790 0.0000 0.0000 18.0000 2.3.0000
14 0.9700 0.0000 0.0000 10.5000 5.3.0000
15 0.9880 0.0000 0.0000 22.0000 5.0000
16 1.0130 0.0000 0.0000 43.0000 3.0000
17 1.0170 0.0000 0.0000 42.0000 8.0000
18 1.0010 0.0000 0.0000 27.2000 9.8.0000
19 0.9700 0.0000 0.0000 3.3000 0.6.0000
20 0.9640 0.0000 0.0000 2.3000 1.0000
21 1.0080 0.0000 0.0000 0.0000 0.0000
22 1.0100 0.0000 0.0000 0.0000 0.0000
23 1.0080 0.0000 0.0000 6.3000 2.1.0000
24 0.9990 0.0000 0.0000 0.0000 0.0000
25 0.9820 0.0000 0.0000 6.3000 3.2000
26 0.9590 0.0000 0.0000 0.0000 0.0000
27 0.9820 0.0000 0.0000 9.3000 0.5000
28 0.9970 0.0000 0.0000 4.6000 2.3000
29 1.0100 0.0000 0.0000 17.0000 2.6000
30 0.9620 0.0000 0.0000 3.6000 1.8000
31 0.9360 0.0000 0.0000 5.8000 2.9000




A15199 V.16 %’ay‘aﬁammizuumaau 57 11 (9)
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3 usadutia | Mdeluihese | SdaluiSueniivl | Tvamess | Tvaasueniiv
e (p.u.) (MW) (MVar) (MW) (MVar)
32 0.9490 0.0000 0.0000 1.6000 0.8000
33 0.9470 0.0000 0.0000 3.8000 1.9000
34 0.9590 0.0000 0.0000 0.0000 0.0000
35 0.9660 0.0000 0.0000 6.0000 3.0000
36 0.9760 0.0000 0.0000 0.0000 0.0000
37 0.9850 0.0000 0.0000 0.0000 0.0000
38 1.0130 0.0000 0.0000 14.0000 7.0000
39 0.9830 0.0000 0.0000 0.0000 0.0000
40 0.9730 0.0000 0.0000 0.0000 0.0000
41 0.9960 0.0000 0.0000 6.3000 3.0000
42 0.9660 0.0000 0.0000 7.1000 4.4000
43 1.0100 0.0000 0.0000 2.0000 1.0000
44 1.0170 0.0000 0.0000 12.0000 1.8000
45 1.0360 0.0000 0.0000 0.0000 0.0000
46 1.0500 0.0000 0.0000 0.0000 0.0000
47 1.0330 0.0000 0.0000 29.7000 11.6000
48 1.0270 0.0000 0.0000 0.0000 0.0000
49 1.0360 0.0000 0.0000 18.0000 8.5000
50 1.0230 0.0000 0.0000 21.0000 10.5000
51 1.0520 0.0000 0.0000 18.0000 5.3000
52 0.9800 0.0000 0.0000 4.9000 2.2000
53 0.9710 0.0000 0.0000 20.0000 10.0000
54 0.9960 0.0000 0.0000 4.1000 1.4000




A15199 V.16 %’auﬁaﬁammizuumaau 57 11 (9)
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3 usadutia | Mdeluihese | SdaluiSueniivl | Tvamess | Tvaasueniiv
e (p.u.) (MW) (MVar) (MW) (MVar)
55 1.0310 0.0000 0.0000 6.8000 3.4000
56 0.9680 0.0000 0.0000 7.6000 2.2000
57 0.9650 0.0000 0.0000 6.7000 2.0000

M13197 .17 Yoyamedawesszuunadon 57 1d

No. e fafa duTAUST (p.u.) uidndeuad (p.u.)
1 1 2 0.0083+j0.028 1.0000
2 2 3 0.0298+j0.085 1.0000
3 3 4 0.0112+j0.0366 1.0000
4 4 5 0.0625+j0.132 1.0000
5 4 6 0.0430+j0.1480 1.0000
6 6 7 0.0200+j0.1020 1.0000
7 6 8 0.0339+j0.1730 1.0000
8 8 9 0.0099+j0.0505 1.0000
9 9 10 0.0369+j0.1679 1.0000
10 9 1 0.0258+j0.0848 1.0000
1 9 12 0.0648+j0.2950 1.0000
12 9 13 0.0481-+j0.1580 1.0000
13 13 14 0.0132+j0.0434 1.0000
14 13 15 0.0269+j0.0869 1.0000
15 1 15 0.0178+j0.0910 1.0000
16 1 16 0.0454-+j0.2060 1.0000
17 1 17 0.0238+j0.1080 1.0000




A15199 V.17 %’auﬁamadwaﬁzuumﬁau 57 Ud (79)
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No. e fafa duAUT (p.u.) uinsieuas (p.u)
18 3 15 0.0162+j0.0530 1.0000
19 4 18 0.0000+j0.5550 0.9700
20 4 18 0.0000+j0.4300 0.9780
21 5 6 0.0302+j0.0641 1.0000
22 7 8 0.0139+j0.0712 1.0000
23 10 12 0.0277+j0.1262 1.0000
24 11 13 0.0223+j0.0732 1.0000
25 12 13 0.0178+j0.0580 1.0000
26 12 16 0.0180+j0.0813 1.0000
27 12 17 0.0397+j0.1790 1.0000
28 14 15 0.0171+j0.0547 1.0000
29 18 19 0.4610+j0.6850 1.0000
30 19 20 0.2830+j0.4340 1.0000
31 21 20 0.0000+j0.7767 1.0430
32 21 22 0.0736+j0.1170 1.0000
33 22 23 0.0099+j0.0152 1.0000
34 23 24 0.1660+j0.2560 1.0000
35 24 25 0.0000+j1.1820 1.0000
36 24 25 0.0000+j1.2300 1.0000
37 24 26 0.0000+j0.0473 1.0430
38 26 27 0.1650+j0.2540 1.0000
39 27 28 0.0618+j0.0954 1.0000
40 28 29 0.0418+j0.0587 1.0000
41 7 29 0.0000-j0.0648 0.9670




A15199 V.17 eﬁ’ay‘aamdwmizuumﬁau 57 Ud (79)
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No. NN fava BUTUAUE (p.u.) uinseutlad (p.u)
42 25 30 0.1350+j0.2020 1.0000
43 30 31 0.3260+j0.4970 1.0000
44 31 32 0.5070+j0.7550 1.0000
45 32 33 0.0392+j0.0360 1.0000
46 34 32 0.0000+j0.9530 0.9750
47 34 35 0.0520+j0.0780 1.0000
48 35 36 0.0430+j0.0537 1.0000
49 36 37 0.029+0.0366 1.0000
50 37 38 0.0651+j0.1009 1.0000
51 37 39 0.0239+j0.0379 1.0000
52 36 40 0.0300+j0.0466 1.0000
53 22 38 0.0192+j0.0295 1.0000
54 11 41 0.0000+j0.7490 0.9550
55 41 42 0.2070+j0.3520 1.0000
56 41 43 0.0000+j0.4120 1.0000
57 38 44 0.0289+j0.0585 1.0000
58 15 45 0.0000+j0.1042 0.9550
59 14 46 0.0000+j0.0735 0.9000
60 46 47 0.0230+j0.0680 1.0000
61 47 48 0.0182+j0.0233 1.0000
62 48 49 0.0834+j0.1290 1.0000
63 49 50 0.0801+j0.1280 1.0000
64 50 51 0.1386+j0.2200 1.0000
65 10 51 0.0000+j0.0712 0.9300




A1599 217 YoyamodwesszuunadeU 57 1Ud (A)
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No. e fafa duAUT (p.u.) uidndenad (p.u.)
66 13 49 0.0000+j0.1910 0.8950
67 29 52 0.1442+j0.1870 1.0000
68 52 53 0.0762+j0.0984 1.0000
69 53 54 0.1878+j0.2320 1.0000
70 54 55 0.1732+j0.2265 1.0000
71 1 43 0.0000+j0.1530 0.9580
72 44 45 0.0624-+j0.1242 1.0000
73 40 56 0.0000+j1.1950 0.9580
74 56 41 0.5530+j0.5490 1.0000
75 56 42 0.2125+j0.3540 1.0000
76 39 57 0.0000+1.3550 0.9800
77 57 56 0.1740+j0.2600 1.0000
78 38 49 0.1150+j0.1770 1.0000
79 38 48 0.0312+j0.0482 1.0000
80 9 55 0.0000+j0.1205 0.9400

~ - 1 Ay a o 9 o % o w ~
A15199 V.18 WINFUAUTOINAIVDITEULNATDY 57 vd laglsHeansumaeaeauusus oy

Pmin Pmax
GEN. Bus NO. a, b, c,
(MW) (MW)
1 1 105.0000 2.4500 0.0150 20.0000 300.0000
2 2 90.5000 3.2500 0.0225 10.0000 150.0000
3 3 44.4000 3.8900 0.0175 25.0000 100.0000
4 6 50.5000 2.7500 0.0155 15.0000 300.0000
5 8 95.0000 2.8500 0.0210 15.0000 200.0000
6 9 120.0000 3.4000 0.0185 20.0000 200.0000
7 12 40.6000 3.5100 0.0130 10.0000 250.0000




M1371990 .19 AlsNINMInIguIeITTUUNATRY 57 T
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Fulsiiaunu YOUIUAA A VDUUAFIGA
P, (MW) 20.0000 300.0000
P, (MW) 10.0000 150.0000
P, (MW) 25.0000 100 .0000
P, (MW) 15.0000 300.0000
P, (MW) 15.0000 200.0000
P, (MW) 20.0000 200.0000
P, (MW) 10.0000 250.0000
Q, MVar) -200.0000 300.0000
Q, (MVar) -17.0000 50.0000
Q, MVar) -10.0000 60.0000
Q, MVar) -8.0000 25.0000
Q, MVar) 140.0000 200.0000
Q, (MVar) -3.0000 9.0000

Q,, (MVar) -150.0000 155.0000
V-V, (pu) 0.9000 1.1000

3, —9,, (degree) -30.0000 30.0000
T, (p.u.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (pu) 0.9000 1.1000

T, (p) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (pu) 0.9000 1.1000




M3 9.19 A3 NRINMIAIVANVOITLULNATOU 57 1d (AD)
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ﬁmﬂﬁﬁ'ﬂ’mﬂu mamwﬁwqw VDVAGIGA

T,y (po0) 0.9000 1.1000

T, ., (pu) 0.9000 1.1000

T, . (p-w) 0.9000 1.1000

T, (pu) 0.9000 1.1000

T, (P01 0.9000 1.1000

T, (pu.) 0.9000 1.1000

T,y (pu) 0.9000 1.1000

T, ., (pu) 0.9000 1.1000

T,ys (DU 0.9000 1.1000

T, (pu.) 0.9000 1.1000

T, (p-u) 0.9000 1.1000

V.5 sTUUNa@e 118 Ud
319 1.20 Foyatiavesszunmadon 118 1
usadutia | Mdeluihesa | MaaluiSueniivl | Tvamess | Tvaasueniiv

Ve (p-u.) (MW) (MVar) (MW) (MVar)
1 0.9550 0.0000 0.0000 51.0000 27.0000
2 0.9710 0.0000 0.0000 20.0000 9.0000
3 0.9680 0.0000 0.0000 39.0000 10.0000
4 0.9980 0.0000 0.0000 39.0000 12.0000
5 1.0020 0.0000 0.0000 0.0000 0.0000
6 0.9900 0.0000 0.0000 52.0000 22.0000
7 0.9890 0.0000 0.0000 19.0000 2.0000




%
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miwﬁ 2.20 %’ay‘aﬁammizuumaau 118 e (919)
3 usadutia | Mdeluihese | SdaluiSueniivl | Tvamess | Tvaasueniiv
e (p.u.) (MW) (MVar) (MW) (MVar)
8 1.0150 0.0000 0.0000 28.0000 0.0000
9 1.0430 0.0000 0.0000 0.0000 0.0000
10 1.0500 450.0000 0.0000 0.0000 0.0000
11 0.9850 0.0000 0.0000 70.0000 23.0000
12 0.9900 85.0000 0.0000 47.0000 10.0000
13 0.9680 0.0000 0.0000 34.0000 16.0000
14 0.9840 0.0000 0.0000 14.0000 1.0000
15 0.9700 0.0000 0.0000 90.0000 30.0000
16 0.9840 0.0000 0.0000 25.0000 10.0000
17 0.9950 0.0000 0.0000 11.0000 3.0000
18 0.9730 0.0000 0.0000 60.0000 34.0000
19 0.9630 0.0000 0.0000 45.0000 25.0000
20 0.9580 0.0000 0.0000 18.0000 3.0000
21 0.9590 0.0000 0.0000 14.0000 8.0000
22 0.9700 0.0000 0.0000 10.0000 5.0000
23 1.0000 0.0000 0.0000 7.0000 3.0000
24 0.9920 0.0000 0.0000 13.0000 0.0000
25 1.0500 220.0000 0.0000 0.0000 0.0000
26 1.0150 314.0000 0.0000 0.0000 0.0000
27 0.9680 0.0000 0.0000 71.0000 13.0000
28 0.9620 0.0000 0.0000 17.0000 7.0000
29 0.9630 0.0000 0.0000 24.0000 4.0000
30 0.9680 0.0000 0.0000 0.0000 0.0000




%
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miwﬁ 2.20 %’ay‘aﬁammizuumaau 118 e (919)
3 usadutia | Mdeluihese | SdaluiSueniivl | Tvamess | Tvaasueniiv
e (p.u.) (MW) (MVar) (MW) (MVar)
31 0.9670 7.0000 0.0000 43.0000 27.0000
32 0.9640 0.0000 0.0000 59.0000 23.0000
33 0.9720 0.0000 0.0000 23.0000 9.0000
34 0.9860 0.0000 0.0000 59.0000 26.0000
35 0.9810 0.0000 0.0000 33.0000 9.0000
36 0.9800 0.0000 0.0000 31.0000 17.0000
37 0.9920 0.0000 0.0000 0.0000 0.0000
38 0.9620 0.0000 0.0000 0.0000 0.0000
39 0.9700 0.0000 0.0000 27.0000 11.0000
40 0.9700 0.0000 0.0000 66.0000 23.0000
41 0.9670 0.0000 0.0000 37.0000 10.0000
42 0.9850 0.0000 0.0000 96.0000 23.0000
43 0.9780 0.0000 0.0000 18.0000 7.0000
44 0.9850 0.0000 0.0000 16.0000 8.0000
45 0.9870 0.0000 0.0000 53.0000 22.0000
46 1.0050 19.0000 0.0000 28.0000 10.0000
47 1.0170 0.0000 0.0000 34.0000 0.0000
48 1.0210 0.0000 0.0000 20.0000 11.0000
49 1.0250 204.0000 0.0000 87.0000 30.0000
50 1.0010 0.0000 0.0000 17.0000 4.0000
51 0.9670 0.0000 0.0000 17.0000 8.0000
52 0.9570 0.0000 0.0000 18.0000 5.0000
53 0.9460 0.0000 0.0000 23.0000 11.0000




A15199 V.20 %’ay‘aﬁammizuumaau 118 e (919)
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3 usautia | Mdelvihese | MasludSueniivl | Tvamess | Tnaasueniiv
e (p.u.) MW) (MVar) (MW) (MVar)
54 0.9550 48.0000 0.0000 113.0000 32.0000
55 0.9520 0.0000 0.0000 63.0000 22.0000
56 0.9540 0.0000 0.0000 84.0000 18.0000
57 0.9710 0.0000 0.0000 12.0000 3.0000
58 0.9590 0.0000 0.0000 12.0000 3.0000
59 0.9850 155.0000 0.0000 277.0000 113.0000
60 0.9930 0.0000 0.0000 78.0000 3.0000
61 0.9950 160.0000 0.0000 0.0000 0.0000
62 0.9980 0.0000 0.0000 77.0000 14.0000
63 0.9690 0.0000 0.0000 0.0000 0.0000
64 0.9840 0.0000 0.0000 0.0000 0.0000
65 1.0050 391.0000 0.0000 0.0000 0.0000
66 1.0500 392.0000 0.0000 39.0000 18.0000
67 1.0200 0.0000 0.0000 28.0000 7.0000
68 1.0030 0.0000 0.0000 0.0000 0.0000
69 1.0350 516.4000 0.0000 0.0000 0.0000
70 0.9840 0.0000 0.0000 66.0000 20.0000
71 0.9870 0.0000 0.0000 0.0000 0.0000
72 0.9800 0.0000 0.0000 12.0000 0.0000
73 0.9910 0.0000 0.0000 6.0000 0.0000
74 0.9580 0.0000 0.0000 68.0000 27.0000
75 0.9670 0.0000 0.0000 47.0000 11.0000
76 0.9430 0.0000 0.0000 68.0000 36.0000
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miwﬁ 2.20 %’ay‘aﬁammizuumaau 118 e (919)
3 usadutia | Mdeluihese | SdaluiSueniivl | Tvamess | Tvaasueniiv
e (p.u.) (MW) (MVar) (MW) (MVar)
77 1.0060 0.0000 0.0000 61.0000 28.0000
78 1.0030 0.0000 0.0000 71.0000 26.0000
79 1.0090 0.0000 0.0000 39.0000 32.0000
80 1.0400 477.0000 0.0000 130.0000 26.0000
81 0.9970 0.0000 0.0000 0.0000 0.0000
82 0.9890 0.0000 0.0000 54.0000 27.0000
83 0.9850 0.0000 0.0000 20.0000 10.0000
84 0.9800 0.0000 0.0000 11.0000 7.0000
85 0.9850 0.0000 0.0000 24.0000 15.0000
86 0.9870 0.0000 0.0000 21.0000 10.0000
87 1.0150 4.0000 0.0000 0.0000 0.0000
88 0.9870 0.0000 0.0000 48.0000 10.0000
89 1.0050 607.0000 0.0000 0.0000 0.0000
90 0.9850 0.0000 0.0000 163.0000 42.0000
91 0.9800 0.0000 0.0000 10.0000 0.0000
92 0.9930 0.0000 0.0000 65.0000 10.0000
93 0.9870 0.0000 0.0000 12.0000 7.0000
94 0.9910 0.0000 0.0000 30.0000 16.0000
95 0.9810 0.0000 0.0000 42.0000 31.0000
96 0.9930 0.0000 0.0000 38.0000 15.0000
97 1.0110 0.0000 0.0000 15.0000 9.0000
98 1.0240 0.0000 0.0000 34.0000 8.0000
99 1.0100 0.0000 0.0000 42.0000 0.0000




A15199 V.20 %’auﬁaﬁammizuumaau 118 e (919)
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3 ussduife | Mraelwihege | ddalihsueniivl | Twanese | Tvaaiueniivl
e (p.u.) MW) (MVar) (MW) (MVar)
100 1.0170 252.0000 0.0000 37.0000 18.0000
101 0.9930 0.0000 0.0000 22.0000 15.0000
102 0.9910 0.0000 0.0000 5.0000 3.0000
103 1.0010 40.0000 0.0000 23.0000 16.0000
104 0.9710 0.0000 0.0000 38.0000 25.0000
105 0.9650 0.0000 0.0000 31.0000 26.0000
106 0.9620 0.0000 0.0000 43.0000 16.0000
107 0.9520 0.0000 0.0000 50.0000 12.0000
108 0.9670 0.0000 0.0000 2.0000 1.0000
109 0.9670 0.0000 0.0000 8.0000 3.0000
110 0.9730 0.0000 0.0000 39.0000 30.0000
111 0.9800 36.0000 0.0000 0.0000 0.0000
12 0.9750 0.0000 0.0000 68.0000 13.0000
113 0.9930 0.0000 0.0000 6.0000 0.0000
114 0.9600 0.0000 0.0000 8.0000 3.0000
115 0.9600 0.0000 0.0000 22.0000 7.0000
116 1.0050 0.0000 0.0000 184.0000 0.0000
117 0.9740 0.0000 0.0000 20.0000 8.0000
118 0.9490 0.0000 0.0000 33.0000 15.0000
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No. NN fava BUTUAUT (p.u.) uinieutlad (p.u)
1 1 2 0.0303+j0.0999 0.0999
2 1 3 0.0129+j0.0424 0.0424
3 4 5 0.0018+j0.008 0.0080
4 3 5 0.0241+j0.1080 0.1080
5 5 6 0.0119+j0.0540 0.0540
6 6 7 0.0046+j0.0208 0.0208
7 8 9 0.0024+j0.0305 0.0305
8 8 5 0.0000+j0.0267 0.0267
9 9 10 0.0026+j0.0322 0.0322
10 4 11 0.0209+j0.0688 0.0688
11 5 11 0.0203+j0.0682 0.0682
12 11 12 0.0060+j0.0196 0.0196
13 2 12 0.0187+j0.0616 0.0616
14 3 12 0.0484-+0.1600 0.1600
15 7 12 0.0086+0.0340 0.0340
16 11 13 0.0222+0.0731 0.0731
17 12 14 0.0215+j0.0707 0.0707
18 13 15 0.0744+j0.2444 0.2444
19 14 15 0.0595+j0.1950 0.1950
20 12 16 0.0212+j0.0834 0.0834
21 15 17 0.0132+j0.0437 0.0437
22 16 17 0.0454+j0.1801 0.1801
23 17 18 0.0123+j0.0505 0.0505
24 18 19 0.0112+j0.0493 0.0493
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No. NN fava BUTUAUE (p.u.) uinieutlas (p.u.)
25 19 20 0.0252+j0.1170 0.1170
26 15 19 0.0120+0.0394 0.0394
27 20 21 0.0183+j0.0849 0.0849
28 21 22 0.0209+0.0970 0.0970
29 2 23 0.0342-+j0.1590 0.1590
30 23 24 0.0135+j0.0492 0.0492
31 23 25 0.0156+j0.0800 0.0800
32 26 25 0.0000+j0.0382 0.0382
33 25 27 0.0318+j0.1630 0.1630
34 27 28 0.0191+j0.0855 0.0855
35 28 29 0.0237+j0.0943 0.0943
36 30 17 0.0000+j0.0388 0.0388
37 8 30 0.0043+j0.0504 0.0504
38 26 30 0.0080+0.0860 0.0860
39 17 31 0.0474+j0.1563 0.1563
40 29 31 0.0108+j0.0331 0.0331
41 23 32 0.0317+j0.1153 0.1153
42 31 32 0.0298+j0.0985 0.0985
43 27 32 0.0229+j0.0755 0.0755
44 15 33 0.0380+j0.1244 0.1244
45 19 34 0.0752+j0.2470 0.2470
46 35 36 0.0022+j0.0102 0.0102
47 35 37 0.0110+j0.0497 0.0497
48 33 37 0.0415+j0.1420 0.1420
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No. NN fava BUTUAUE (p.u.) uinieutlas (p.u.)
49 34 36 0.0087+j0.0268 0.0268
50 34 37 0.0026+j0.0094 0.0094
51 38 37 0.0000+j0.0375 0.0375
52 37 39 0.0321+j0.1060 0.1060
53 37 40 0.0593+j0.1680 0.1680
54 30 38 0.0046+j0.0540 0.0540
55 39 40 0.0184+j0.0605 0.0605
56 40 41 0.0145+j0.0487 0.0487
57 40 42 0.0555+j0.1830 0.1830
58 41 42 0.0410+j0.1350 0.1350
59 43 44 0.0608+]0.2454 0.2454
60 34 43 0.0413+j0.1681 0.1681
61 44 45 0.0224+70.0901 0.0901
62 45 46 0.0400+j0.1356 0.1356
63 46 47 0.0380+j0.1270 0.1270
64 46 48 0.0601+j0.1890 0.1890
65 47 49 0.0191+j0.0625 0.0625
66 42 49 0.0715+j0.3230 0.3230
67 42 49 0.0715+j0.3230 0.3230
68 45 49 0.0684-+j0.1860 0.1860
69 48 49 0.0179+0.0505 0.0505
70 49 50 0.0267+j0.0752 0.0752
71 49 51 0.0486+j0.1370 0.1370
72 51 52 0.0203+j0.0588 0.0588
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No. NN fava BUTUAUE (p.u.) uiniteutlad (p.u)
73 52 53 0.0405+j0.1635 0.1635
74 53 54 0.0263+j0.1220 0.1220
75 49 54 0.0730+;0.2890 0.2890
76 49 54 0.0869+j0.2910 0.2910
77 54 55 0.0169+j0.0707 0.0707
78 54 56 0.0027+j0.0095 0.0095
79 55 56 0.0049+j0.0151 0.0151
80 56 57 0.0343+j0.0966 0.0966
81 50 57 0.0474+j0.1340 0.1340
82 56 58 0.0343+j0.0966 0.0966
83 51 58 0.0255+j0.0719 0.0719
84 54 59 0.0503+j0.2293 0.2293
85 56 59 0.0825+j0.2510 0.2510
86 56 59 0.0803+0.2390 0.2390
87 55 59 0.0474+j0.2158 0.2158
88 59 60 0.0317+j0.1450 0.1450
89 59 61 0.0328+j0.1500 0.1500
90 60 61 0.0026+j0.0135 0.0135
91 60 62 0.0123+j0.0561 0.0561
92 61 62 0.0082+j0.0376 0.0376
93 63 59 0.0000+j0.0386 0.0386
94 63 64 0.0017+j0.0200 0.0200
95 64 61 0.0000+j0.0268 0.0268
96 38 65 0.0090+j0.0986 0.0986




A5 .21 YoyaaodwesszUUNAdoU 118 1 (A0)

181

No. NN fava BUTUAUE (p.u.) uiniteutlad (p.u)
97 64 65 0.0027+j0.0302 0.0302
98 49 66 0.0180+j0.0919 0.0919
99 49 66 0.0180+j0.0919 0.0919
100 62 66 0.0482+j0.2180 0.2180
101 62 67 0.0258+j0.1170 0.1170
102 65 66 0.0000+j0.0370 0.0370
103 66 67 0.0224+j0.1015 0.1015
104 65 68 0.0014+j0.0160 0.0160
105 47 69 0.0844+j0.2778 0.2778
106 49 69 0.0985+j0.3240 0.3240
107 68 69 0.0000+j0.0370 0.0370
108 69 70 0.0300+j0.1270 0.1270
109 24 70 0.0022+0.4115 0.4115
110 70 71 0.0088+j0.0355 0.0355
111 24 7 0.0488+]0.1960 0.1960
112 71 7 0.0446-+j0.1800 0.1800
113 71 73 0.0087+j0.0454 0.0454
114 70 74 0.0401+j0.1323 0.1323
115 70 75 0.0428+j0.1410 0.1410
116 69 75 0.0405+j0.1220 0.1220
117 74 75 0.0123+j0.0406 0.0406
118 76 77 0.0444+j0.1480 0.1480
119 69 77 0.0309+j0.1010 0.1010
120 75 77 0.0601+j0.1999 0.1999
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No. NN fava BUTUAUE (p.u.) uinieutlas (p.u.)
121 77 78 0.0038+j0.0124 0.0124
122 78 79 0.0055+j0.0244 0.0244
123 77 80 0.0170+j0.0485 0.0485
124 77 80 0.0294+j0.1050 0.1050
125 79 80 0.0156+j0.0704 0.0704
126 68 81 0.0018+j0.0202 0.0202
127 81 80 0.0000+j0.0370 0.0370
128 77 82 0.0298+j0.0853 0.0853
129 82 83 0.0112+j0.0367 0.0367
130 83 84 0.0625+j0.1320 0.1320
131 83 85 0.0430-+j0.1480 0.1480
132 84 85 0.0302+j0.0641 0.0641
133 85 86 0.0350+j0.1230 0.1230
134 86 87 0.0283+j0.2074 0.2074
135 85 88 0.0200+j0.1020 0.1020
136 85 89 0.0239+j0.1730 0.1730
137 88 89 0.0139+j0.0712 0.0712
138 89 90 0.0518+j0.1880 0.1880
139 89 90 0.0238+j0.0997 0.0997
140 90 91 0.0254+j0.0836 0.0836
141 89 92 0.0099+j0.0505 0.0505
142 89 92 0.0393+j0.1581 0.1581
143 91 92 0.0387+j0.1272 0.1272
144 ) 93 0.0258+j0.0848 0.0848
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No. NN fava BUTUAUE (p.u.) uinieutlas (p.u.)
145 92 94 0.0481+j0.1580 0.1580
146 93 94 0.0223+j0.0732 0.0732
147 94 95 0.0132+j0.0434 0.0434
148 80 96 0.0356+j0.1820 0.1820
149 82 96 0.0162+j0.0530 0.0530
150 94 96 0.0269+j0.0869 0.0869
151 80 97 0.0183+j0.0934 0.0934
152 80 98 0.0238+j0.1080 0.1080
153 80 99 0.0454+0.2060 0.2060
154 ) 100 0.0648+j0.2950 0.2950
155 94 100 0.0178+j0.0580 0.0580
156 95 96 0.0171+j0.0547 0.0547
157 96 97 0.0173+j0.0885 0.0885
158 98 100 0.0397+j0.1790 0.1790
159 99 100 0.0180+j0.0813 0.0813
160 100 101 0.0277+j0.1262 0.1262
161 92 102 0.0123+j0.0559 0.0559
162 101 102 0.0246+j0.1120 0.1120
163 100 103 0.016+j0.0525 0.0525
164 100 104 0.0451+j0.2040 0.2040
165 103 104 0.0466+j0.1584 0.1584
166 103 105 0.0535+j0.1625 0.1625
167 100 106 0.0605+j0.2290 0.2290
168 104 105 0.0099+j0.0378 0.0378
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184

No. NN fava BUTUAUE (p.u.) uinieutlas (p.u.)
169 105 106 0.0140+j0.0547 0.0547
170 105 107 0.0530+j0.1830 0.1830
171 105 108 0.0261+j0.0703 0.0703
172 106 107 0.0530+j0.1830 0.1830
173 108 109 0.0105+j0.0288 0.0288
174 103 110 0.0391+j0.1813 0.1813
175 109 110 0.0278+j0.0762 0.0762
176 110 111 0.0220+j0.0755 0.0755
177 110 112 0.0247+j0.0640 0.0640
178 17 113 0.0091+j0.0301 0.0301
179 32 113 0.0615+j0.2030 0.2030
180 32 114 0.0135+j0.0612 0.0612
181 27 115 0.0164+j0.0741 0.0741
182 114 115 0.0023+0.0104 0.0104
183 68 116 0.0003+j0.0040 0.0040
184 12 117 0.0329+j0.1400 0.1400
185 75 118 0.0145+j0.0481 0.0481
186 76 118 0.0164+j0.0544 0.0544

A J v J i’ a % Yoy Jdo o w =
ATNN V.22 ‘Waﬂﬂfumwmwawaﬁzuumaau 118 Uﬁiﬂﬂl"]f‘l/\lx‘lﬂ"]fuﬂ'laﬁﬁﬂﬂuﬂ‘]ﬁTULiEJ‘]J

1)min Pmax
GEN. Bus NO. a, C;
MW) MW)
1 1 55.0000 1.2000 0.0187 5.0000 30.0000
2 4 35.0000 2.1750 0.0275 5.0000 30.0000
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185

Pmin Pmax
GEN. Bus NO. a, b, c,
(MW) (MW)
3 6 30.0000 2.1250 0.0500 5.0000 30.0000
4 8 80.0000 2.2250 0.0417 5.0000 30.0000
5 10 125.0000 3.1430 0.0135 150.0000 | 500.0000
6 12 60.0000 3.1250 0.0125 100.0000 | 300.0000
7 15 54.0000 2.1950 0.0276 10.0000 30.0000
8 18 45.0000 2.2200 0.0220 25.0000 100.0000
9 19 36.0000 2.1250 0.0318 5.0000 30.0000
10 24 90.0000 2.1300 0.0125 5.0000 30.0000
11 25 83.0000 2.2300 0.0365 100.0000 | 300.0000
12 26 44.0000 3.1430 0.0156 100.0000 | 350.0000
13 27 120.0000 3.1400 0.0333 8.0000 30.0000
14 31 66.0000 3.1550 0.0225 8.0000 30.0000
15 32 82.0000 2.1600 0.0350 25.0000 100.0000
16 34 44.0000 3.1450 0.0125 8.0000 30.0000
17 36 35.0000 3.1270 0.0225 25.0000 100.0000
18 40 60.0000 2.1520 0.0165 8.0000 30.0000
19 42 35.0000 2.1750 0.0175 8.0000 30.0000
20 46 30.0000 1.1250 0.0450 25.0000 100.0000
21 49 35.0000 1.2250 0.0315 50.0000 250.0000
22 54 40.0000 2.1430 0.0225 50.0000 250.0000
23 55 75.0000 2.1250 0.0135 25.0000 100.0000
24 56 54.0000 1.1950 0.0276 25.0000 100.0000
25 59 80.0000 1.2200 0.0220 50.0000 200.0000
26 61 60.0000 2.1500 0.0318 50.0000 200.0000




A d v J dy a % Yoy Jdo o w
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Pmin Pmax
GEN. Bus NO. a, b, c,
(MW) (MW)
27 62 90.0000 2.1000 0.0125 25.0000 100.0000
28 65 83.0000 3.2300 0.0365 100.0000 | 420.0000
29 66 50.0000 2.1450 0.0156 100.0000 | 420.0000
30 69 110.0000 1.5400 0.0352 80.0000 300.0000
31 70 75.0000 2.1550 0.0525 30.0000 80.0000
32 72 82.0000 2.1600 0.0350 10.0000 30.0000
33 73 95.0000 2.1440 0.0125 5.0000 20.0000
34 74 50.0000 1.7700 0.0213 5.0000 20.0000
35 76 135.0000 2.2300 0.0187 25.0000 100.0000
36 77 65.0000 2.1750 0.0275 25.0000 100.0000
37 80 70.0000 2.1250 0.0325 150.0000 | 500.0000
38 85 50.0000 2.2250 0.0417 10.0000 30.0000
39 87 115.0000 1.1540 0.0125 200.0000 | 650.0000
40 89 75.0000 1.7250 0.0125 150.0000 | 500.0000
41 90 70.0000 2.1950 0.0276 8.0000 20.0000
42 91 65.0000 1.2500 0.0220 20.0000 50.0000
43 92 100.0000 2.1250 0.0318 100.0000 | 300.0000
44 99 90.0000 2.1350 0.0125 100.0000 | 300.0000
45 100 83.0000 2.2300 0.0365 100.0000 | 300.0000
46 103 70.0000 2.1250 0.0175 8.0000 20.0000
47 104 120.0000 3.1450 0.0335 25.0000 100.0000
48 105 80.0000 3.1550 0.0225 25.0000 100.0000
49 107 55.0000 1.8600 0.0350 8.0000 20.0000




A d v J dy a % Yoy Jdo o w
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Pmin Pmax
GEN. Bus NO. a, b, c,
(MW) (MW)
50 110 45.0000 2.1450 0.0125 25.0000 50.0000
51 111 35.0000 2.4500 0.0225 25.0000 100.0000
52 112 85.0000 2.1600 0.0135 25.0000 100.0000
53 113 40.0000 2.1550 0.0125 25.0000 100.0000
54 116 65.0000 2.4500 0.0115 25.0000 50.0000
137197 1.23 ﬁalzﬂﬁﬁﬁmﬁﬂ’mﬂmmizwmﬁau 118 1
ﬁmﬂiﬁmmu ﬂlaumﬂﬁwqﬂ VOULUAGIGA

P, (MW) 5.0000 30.0000

P, (MW) 5.0000 30.0000

P, (MW) 5.0000 30.0000

P, (MW) 5.0000 30.0000

P, (MW) 150.0000 500.0000

P, (MW) 100.0000 300.0000

P (MW) 10.0000 30.0000

P, (MW) 25.0000 100.0000

P, (MW) 5.0000 30.0000

P,, (MW) 5.0000 30.0000

P,, (MW) 100.0000 300.0000

P, (MW) 100.0000 350.0000

P,, (MW) 8.0000 30.0000

P,, (MW) 8.0000 30.0000
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ﬁmﬂiﬁmmu mauwﬁwqw VOUIAGIFA
P, (MW) 25.0000 100.0000
P,, (MW) 8.0000 30.0000
P, (MW) 25.0000 100.0000
P,, (MW) 8.0000 30.0000
P, (MW) 8.0000 30.0000
P, (MW) 25.0000 100.0000
P,, (MW) 50.0000 250.0000
P, (MW) 50.0000 250.0000
P, (MW) 25.0000 100.0000
P, (MW) 50.0000 200.0000
P,, (MW) 50.0000 200.0000
P, (MW) 25.0000 100.0000
P, (MW) 100.0000 420.0000
P, (MW) 100.0000 420.0000
P, (MW) 80.0000 300.0000
P,, (MW) 30.0000 80.0000
P, (MW) 10.0000 30.0000
P, (MW) 5.0000 20.0000
P, (MW) 5.0000 20.0000
P, (MW) 25.0000 100.0000
P, (MW) 25.0000 100.0000
P, (MW) 150.0000 500.0000
P, (MW) 10.0000 30.0000
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ﬁ’;uﬂiﬁmmu m@mmméiwqﬂ VOUIVAGIFA
P,, (MW) 200.0000 650.0000
P, (MW) 150.0000 500.0000
P,, (MW) 8.0000 20.0000
P, (MW) 20.0000 50.0000
P,, (MW) 100.0000 300.0000
P,, (MW) 100.0000 300.0000
P, (MW) 100.0000 300.0000
P, (MW) 8.0000 20.0000
P, (MW) 25.0000 100.0000
P, (MW) 25.0000 100.0000
P, (MW) 8.0000 20.0000
P, (MW) 25.0000 50.0000
P, (MW) 25.0000 100.0000
P, (MW) 25.0000 100.0000
P, , (MW) 25.0000 100.0000
P, (MW) 25.0000 50.0000
Q, (MVar) -5.0000 15.0000
Q, (MVar) -300.0000 300.0000
Q, (MVar) -13.0000 50.0000
Q, (MVar) -300.0000 300.0000
Q,, (MVar) -147.0000 200.0000
Q,, (MVar) -35.0000 120.0000
Q,; (MVar) -10.0000 30.0000
Q,; (MVar) -16.0000 50.0000
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ﬁmﬂiﬁmmu mauwﬁwqw VDUIVAGIA
Q,, MVar) -8.0000 24.0000
Q,, MVar) -300.0000 300.0000
Q,; (MVar) -47.0000 140.0000
Q,, (MVar) -1000.0000 1000.0000
Q,, (MVar) -300.0000 300.0000
Q,, (MVar) -300.0000 300.0000
Q,, (MVar) -14.0000 42.0000
Q,, (MVar) -8.0000 24.0000
Q,, (MVar) -8.0000 24.0000
Q,, (MVar) -300.0000 300.0000
Q,, MVar) -300.0000 300.0000
Q,, (MVar) -100.0000 100.0000
Q,, (MVar) -85.0000 210.0000
Q,, MVar) -300.0000 300.0000
Q., (MVar) -8.0000 23.0000
Q., (MVar) -8.0000 15.0000
Q,, (MVar) -60.0000 180.0000
Q,, (MVar) -100.0000 300.0000
Q,, MVar) -20.0000 20.0000
Q. (MVar) -67.0000 200.0000
Q. (MVar) -67.0000 200.0000
Q¢ (MVar) -300.0000 300.0000
Q., (MVar) -10.0000 32.0000
Q,, (MVar) -100.0000 100.0000
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ﬁmﬂiﬁmmu mauwﬁwqw VDUIVAGIA

Q,,(MVar) -100.0000 100.0000
Q,, MVar) -6.0000 9.0000
Q,, (MVar) -8.0000 23.0000
Q,, (MVar) -20.0000 70.0000
Q,, (MVar) -165.0000 280.0000
Q,, (MVar) -8.0000 23.0000
Q,, (MVar) -100.0000 1000.0000
Q,, (MVar) -210.0000 300.0000
Q,, (MVar) -300.0000 300.0000
Q,, (MVar) -100.0000 100.0000
Q,, (MVar) -3.0000 9.0000
Q,, (MVar) -100.0000 100.0000
Q0o MVar) -50.0000 155.0000
Q,,; (MVar) -15.0000 40.0000
Q.. MVar) -8.0000 23.0000
Q,,s (MVar) -8.0000 23.0000
Q,,, (MVar) -200.0000 200.0000
Q,,, (MVar) -8.0000 23.0000
Q,,, (MVar) -100.0000 1000.0000
Q,, MVar) -100.0000 1000.0000
Q,,; (MVar) -100.0000 200.0000
Q,,, MVar) -1000.0000 1000.0000
V-V, (pu) 0.9000 1.1000

3,0, (degree) -30.0000 30.0000
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T, (pu.) 0.9000 1.1000

Ty, (po0) 0.9000 1.1000

T, (p-u.) 0.9000 1.1000

T, (p1) 0.9000 1.1000

Ty, (pu.) 0.9000 1.1000

Ty o (po0) 0.9000 1.1000

T, . (p-u.) 0.9000 1.1000

Typ.q0 (U 0.9000 1.1000

U6  ITUUNAADU 169 Ua (MANAINADUUUUAZN AN IUANUDY NHIR.)
A15197 .24 Fotlavesszunnagon 169 i
No. %aﬁﬁmmﬁmqy ForfanIng i

1 TW-230 NN NANANABUDY
2 TL3-230 mau 3 NANANABUDY
3 ATI1-230 919N04 1 MANANADULIY
4 AT1 6-69 9194194 1 NANANADUUY
5 BI2-230 vNszou 2 NANANAD UL
6 AT2-230 D1NBI 2 NANANADUUU
7 TW-115 RN MANANABULY
8 ATI-115 9NN0I1 MANANADULIY
9 LB1-115KV any3l NANANABUDY
10 SI-115 EVETE NANANADUDY
11 AY1-115 oYFY1 NANANABUDY
12 SP-115 AWITUYT NANANABUDY
13 DBN-115 ANUNUNUIY NANANADUDY
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'
A o v

v

No. FouaN¥IINgH Forranimlne Wi

14 LB2-115 anys 2 MANANADUDY
15 CBD-115 Foura1a NANANAB UL
16 SP-1-22 ANITUYT MANANABULIY
17 SP-2-22 AWITUYT AMANANADULIY
18 DBN-1-22 ANTINU NS MANANADUDY
19 DBN-2-22 ANUINUNDIY MANANADULIU
20 LB2-1-22 any3 2 MANANABULY
21 LB2-2-22 any3 2 MANANABULIY
22 AT2-4-22 DN 2 MANANADUDU
23 CBD-2-22 Fo11a1a MANANADUDY
24 CBD-1-22 Fo11a1a MANANADUDY
25 TNS-22 qmmﬂssm‘fmwa 1 19 MANANADUDY
26 AY1-2-22 9Y5E 1 MANANADUDY
27 AY1-1-22 9Y5e 1 MANANADUDU
28 LBI-1-22 anys 1 MANANADUDY
29 LB1-2-22 anys 1 MANANADUDY
30 SI-2-22 EVTE MANANADUDY
31 SI-3-22 RATE MANANADULY
32 TL1-115 Mau 1 MANANADUDY
33 TL1-6-22 mau 1 MANANADUDY
34 TL-SIAM-115 mau MANANADUDY
35 AY2-115 Y581 2 MANANADUDY
36 BII-115 VNszou 1 NANANABULY
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37 BI-1-22 uszou NMANANABUDY
38 BI-2-22 u19szou NMANANABULY
39 TL3-115 mMau 3 NMANANABULIY
40 SR1-115 GEEATER| NMANANABULY
41 SR1-1-22 GEEAIER NANANABULY
42 SR1-2-22 A321)3 1 NMANANABUDY
43 TL2-115 mau 2 NMANANABULY
44 GCC-115 wSEn fadl Tanumesdu $1da | manameuY
45 PTB-115 NILHNTUIN NANANABULY
46 PTB-1-22 NIZNNTUIN NANANABULY
47 PTB-2-22 NIZWNFUIN NMANANABUDY
48 AY2 6-69 DY 2 NMANANABULY
49 PH_6-69 fin v MANAABULIY
50 PH-1-22 fin 11 NANANABUDY
51 AY2-2-22 Py 2 NMANANABUDY
52 AY2-1-22 DY 2 MANANABULY
53 BI2-115 v19lszou 2 MANANABULY
54 SR4-2-22 A3%1)3 4 MANDNAD UV
55 SR4-1-22 qA321Y7 4 NANANABULIY
56 WN-CC1-230 Tevioy NANANABUDY
57 NY-115 UATUIYN NMANANABULY
58 NY-1-22 UATUIYN NMANBNADULIY
59 NY-2-22 UATUIYN NMANBNADULIY
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60 SR2-230 A3213 2 MANANABULY
61 WN-500 Jariey MANANABULY
62 SR2-5-22 A321f3 2 MANANAD UV
63 SR3-115 A321J3 3 MANANABULIY
64 SR3-1-22 A321J3 3 MANANABULIY
65 SR3-2-22 A1 3 MANANABULY
66 SR3-3-22 A3213 3 MANANABULY
67 BP2-230 Tulia 2 MAAZIUAN
68 SN4-230 AYNIAINT 4 MAnzIuan
69 BSP2-230 VWNAZNIU 2 manzuan
70 BP2-4-22 TuTe 2 MaAnzTuan
71 BP2-6-22 Tulae 2 MangTuan
72 TM-115 NN NMAAZIUAN
73 TM-1-22 MU MARZIUAN
74 TM-2-22 MUN MAAZIUAN
75 BSP2-500 VNALNIU 2 Manzuan
76 KB-115 MYIULY3 Mmanzuan
77 KB-1-22 MYIULY3 Maazuan
78 KB2-22 MYIULY3 2 MAnzIuan
79 KB3-22 MYIUYT 3 MAnzIuan
80 KS-115 ey MAnzIuan
81 KS-1-22 ALWaLLEY NMARSIUAN
82 KS-2-22 ALWaLEY NMANSIUAN
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83 KB2-115 MaYIuLY3 2 MARZIUAN
84 BP1-115 ulie 1 MARZIUAN
85 BP1-1-22 ulie 1 MAAZIUAN
86 BP1-2-22 STRITRCINR! MAngTuan
87 BP1-3-22 TuTe MangTuan
88 RB2-230 31913 2 MAazTUAn
89 CBG-500 vouil MAAZIUAN
90 KB2-230 MYIUYI 2 NANSIUAN
91 SNR-115 Weuaiuasung Mmanzuan
92 SNR-2-22 Weumiuasund MAAZIUAN
93 RB2-115 31913 2 MAazTUAn
94 RB2-2-22 F1%13 2 MaazTuan
95 RB2-3-22 51%1)3 2 MaazTuan
96 TECO-230 15 193 touned $150 NAAZIUAN
97 VRK-115 ieuaFsaansel MARZIUAN
98 VRK-3-22 WourFsrasnsal MAnzIuan
99 RB3-WP-115 31%13 3 MaazTuan
100 RWP-1-22 TsaTldhsans MAAzTuAn
101 HH-230 iU MAAZIUAN
102 HH-115 NIy MAAZIUAN
103 HH-2-22 WU MAAZIUAN
104 PB-115 IWY313 MaazTuan
105 PB-1-22 W31 MaazTuan
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106 PB-2-22 W13 MAAZTUAN
107 RBI-115 %13 1 MAazTUAn
108 RBI-1-22 %13 1 MaAazTuAn
109 RB1-2-22 T3 1 MANZIUAN
110 NCS-230 UATHAT MARZIUAN
111 NCS-115 UATHOAT MARZIUAN
112 NCS-1-22 UATHOAT MARZIUAN
113 NCS-2-22 UATHOAT MAAZIUAN
114 NCS-3-22 UATHOAT MARZIUAN
115 NCS-4-22 UATHOAT MARZIUAN
116 SM-115 AYNTAINTIY MARZIUAN
117 SM-1-22 AYNTAIATIN MARZIUAN
118 SM-2-22 AYNTAINT N MAALIUAN
119 SM-3-22 AYNIAIANT Y MARZIUAN
120 CA-115 ¥ NAAZIUAN
121 CA-1-22 ¥ NANZTUAN
122 CA-2-22 ¥ NANZTUAN
123 KKC-3-22 UAINTZIN NMAAZIUAN
124 PRB-115 IPRLISTE MANZIUAN
125 PRB-1-22 Us1m1)5 MAAZTUAN
126 PRB-2-22 Ui MAAZTUAN
127 SA2-115 TIUNIIU 2 NMARLIUAN
128 SA2-1-22 TIUNIIU 2 NMARLIUAN
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129 SA2-2-22 AIWNTIU 2 MARZIUAN
130 SN3-115 AYNIEINT 3 MARZIUAN
131 SN3-1-22 AYNITAIAT 3 MAALIUAN
132 SN3-2-22 AYNIANT 3 MARZIUAN
133 SN3-3-22 AYNIANT 3 MARZIUAN
134 PKK-115 YszauAsTus MARZIUAN
135 PKK-1-22 Y320UATTUT Maaziuan
136 PKK-4-22 EERRMGELI MARZIUAN
137 PKK-230 YszauAITus MARZIUAN
138 SAI-115 GRIIERITE| MARZIUAN
139 SA1-5-22 AN 1 MARZIUAN
140 SA1-6-22 AWNT I 1 MARZIUAN
141 SA1-7-22 TIWNIU 1 NMARLIUAN
142 SN4-115 AYNIANT 4 MARZIUAN
143 SA1-230 AN 1 MARZIUAN
144 SN2-115 AYNIAIANT 2 MAAZIUAN
145 SN2-1-22 AYNIAIANT 2 MAAZIUAN
146 SN2-2-22 AYNITAIAT 2 MAALIUAN
147 SN2-3-22 AYNIAINT 2 MARZIUAN
148 BSP1-115 VNALHIU 1 MARZIUAN
149 BSP1-3-22 VNAZHIU 1 MARZIUAN
150 BSP1-5-22 STRN AR NMARLIUAN
151 BSP1-230 TR AR NMARLIUAN
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152 SN1-115 AYNTANS 1 MaazIuan
153 SN1-1-22 AYNTANT 1 Maaziuan
154 SN1-2-22 qyYNIang 1 MAALIUAN
155 SN1-3-22 AyNIans 1 MaazIuan
156 AT2-115 91904 2 NMANANADUDIY
157 RP-115 Tsuz e MANANADULIY
158 SR4-115 A321)3 4 MANANADULIY
159 WN-B-230 Tailey MANANADUUY
160 WN-A-230 Tatloy NMANANADULIY
161 SR2-115 A321)3 2 MANANADULIY
162 BP2-115 thulils 2 MAazTuan
163 RB3-230 31%13 3 MAazTUAN
164 RB3-500 31%13 3 MAALTUAN
165 TN-115 MU MANZIUAN
166 SNR-230 WourBuasuns MAazIuan
167 VRK-230 WourFs1aansal Maaziuan
168 KKC-115 HANNTZDI Maaziuan
169 KKI-230 1NINDY MANANADULIU
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usadutia | Mdelihese | MasluidSueniivl | Tvamess | Tvaasueniin
e (p.u.) (MW) (MVar) (MW) (MVar)
1 1.0232 0.0000 0.0000 0.0000 0.0000
2 1.0221 0.0000 0.0000 0.0000 0.0000
3 1.0467 0.0000 0.0000 0.0000 0.0000
4 1.0449 0.0000 0.0000 0.0000 0.0000
5 1.0246 0.0000 0.0000 0.0000 0.0000
6 1.0210 0.0000 0.0000 0.0000 0.0000
7 1.0176 0.0000 0.0000 50.2542 14.7864
8 1.0205 0.0000 0.0000 67.9399 29.8626
9 1.0163 0.0000 0.0000 0.0000 0.0000
10 1.0157 0.0000 0.0000 0.0000 0.0000
11 1.0322 0.0000 0.0000 0.0000 0.0000
12 1.0163 0.0000 0.0000 0.0000 0.0000
13 0.9780 0.0000 0.0000 51.5106 21.6480
14 1.0137 0.0000 0.0000 53.4435 20.0051
15 1.0066 0.0000 0.0000 0.0000 0.0000
16 1.0238 0.0000 0.0000 10.3408 3.1892
17 1.0158 0.0000 0.0000 22,7111 8.9878
18 0.9870 0.0000 0.0000 8.6012 2.7060
19 1.0011 0.0000 0.0000 9.0844 1.7396
20 1.0070 0.0000 0.0000 12.9501 4.7355
21 0.9953 0.0000 0.0000 6.6684 3.4791
22 1.0023 0.0000 0.0000 23.6775 14.7864
23 1.0203 0.0000 0.0000 13.7233 3.6724
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24 1.0058 0.0000 0.0000 18.1688 18.2655
25 1.0058 0.0000 0.0000 0.0000 0.0000
26 1.0396 0.0000 0.0000 13.3367 3.2859
27 1.0477 0.0000 0.0000 5.1221 0.2899
28 1.0608 0.0000 0.0000 7.5381 2.9959
29 1.0296 0.0000 0.0000 10.0509 6.1851
30 1.0189 0.0000 0.0000 19.0386 10.4374
31 1.0726 0.0000 0.0000 16.6226 10.0509
32 1.0225 0.0000 0.0000 15.1729 6.3784
33 1.0335 0.0000 0.0000 6.7650 1.5463
34 1.0225 0.0000 0.0000 27.3499 12.7569
35 1.0315 0.0000 0.0000 0.0000 0.0000
36 1.0317 0.0000 0.0000 108.8198 41.2665
37 1.0383 0.0000 0.0000 14.1099 3.5758
38 1.0294 0.0000 0.0000 8.4079 52187
39 1.0246 0.0000 0.0000 407.9292 200.4371
40 1.0227 0.0000 0.0000 0.0000 0.0000
41 1.0170 0.0000 0.0000 3.8657 23194
42 1.0191 0.0000 0.0000 19.1353 7.3449
43 1.0196 0.0000 0.0000 37.9806 19.1353
44 1.0246 0.0000 0.0000 0.0000 0.0000
45 1.0235 0.0000 0.0000 0.0000 0.0000
46 1.0086 0.0000 0.0000 6.6684 2.8993
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47 1.0392 0.0000 0.0000 0.0000 0.0000
48 1.0064 0.0000 0.0000 0.0000 0.0000
49 1.0053 0.0000 0.0000 0.0000 0.0000
50 1.0429 0.0000 0.0000 1.0631 0.0000
51 1.0122 0.0000 0.0000 4.6389 2.8026
52 1.0034 0.0000 0.0000 20.4883 10.8240
53 1.0333 0.0000 0.0000 392.0798 236.5816
54 1.0042 0.0000 0.0000 2.6094 0.2899
55 0.9996 0.0000 0.0000 8.9878 2.0295
56 1.0333 0.0000 0.0000 0.0000 0.0000
57 1.0021 0.0000 0.0000 0.0000 0.0000
58 1.0281 0.0000 0.0000 12.9501 5.7986
59 1.0021 0.0000 0.0000 13.4102 6.7051
60 1.0476 0.0000 0.0000 0.0000 0.0000
61 1.0175 0.0000 0.0000 0.0000 0.0000
62 1.0052 0.0000 0.0000 7.1516 4.9288
63 1.0154 0.0000 0.0000 74.3183 34.7914
64 1.0154 0.0000 0.0000 0.0000 0.0000
65 1.0154 0.0000 0.0000 0.0000 0.0000
66 1.0154 0.0000 0.0000 0.0000 0.0000
67 1.0085 0.0000 0.0000 0.0000 0.0000
68 0.9986 0.0000 0.0000 0.0000 0.0000
69 1.0432 0.0000 0.0000 0.0000 0.0000
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70 1.0135 0.0000 0.0000 17.9127 8.3822
71 1.0204 0.0000 0.0000 10.1046 3.4448
72 1.0229 0.0000 0.0000 0.0000 0.0000
73 1.0229 0.0000 0.0000 0.0000 0.0000
74 1.0019 0.0000 0.0000 27.9025 55116
75 1.0407 0.0000 0.0000 0.0000 0.0000
76 1.0259 0.0000 0.0000 0.0317 0.0317
77 1.0039 0.0000 0.0000 12.2863 7.1192
78 1.0239 0.0000 0.0000 24.4578 9.6453
79 1.0039 0.0000 0.0000 12.2863 7.1192
80 0.9939 0.0000 0.0000 20.3241 8.4971
81 0.9776 0.0000 0.0000 25.2616 15.5014
82 0.9751 0.0000 0.0000 18.4869 133197
83 1.0253 0.0000 0.0000 33.6438 15.1569
84 1.0317 0.0000 0.0000 0.0000 0.0000
85 1.0301 0.0000 0.0000 8.8415 2.2965
86 1.0301 0.0000 0.0000 8.8415 2.2965
87 1.0358 0.0000 0.0000 9.5305 24113
88 1.0177 0.0000 0.0000 0.0000 0.0000
89 1.0184 0.0000 0.0000 0.0000 0.0000
90 1.0177 0.0000 0.0000 0.0000 0.0000
91 1.0319 0.0000 0.0000 0.0000 0.0000
92 0.9853 0.0000 0.0000 1.7224 2.7558
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93 1.0217 0.0000 0.0000 288.4411 150.7656
94 1.0228 0.0000 0.0000 18.1424 7.1192
95 1.0150 0.0000 0.0000 5.6264 3.2151
96 1.0225 0.0000 0.0000 0.0000 0.0000
97 1.0265 0.0000 0.0000 0.0000 0.0000
98 0.9645 0.0000 0.0000 14.9273 9.9898
99 1.0228 0.0000 0.0000 0.0000 0.0000
100 1.0228 0.0000 0.0000 0.0025 0.0025
101 1.0230 0.0000 0.0000 0.0000 0.0000
102 1.0258 0.0000 0.0000 90.4823 32.2659
103 1.0258 0.0000 0.0000 0.0000 0.0000
104 1.0169 0.0000 0.0000 0.0000 0.0000
105 1.0287 0.0000 0.0000 21.3575 9.1860
106 1.0287 0.0000 0.0000 19.9796 9.1860
107 1.0212 0.0000 0.0000 0.0000 0.0000
108 1.0216 0.0000 0.0000 15.9607 7.4636
109 1.0313 0.0000 0.0000 8.2674 4.2485
110 1.0022 0.0000 0.0000 0.0000 0.0000
111 1.0193 0.0000 0.0000 269.4949 | 1243558
112 0.9943 0.0000 0.0000 9.6453 4.8227
113 0.9943 0.0000 0.0000 9.6453 4.8227
114 1.0262 0.0000 0.0000 8.0378 -2.8706
115 1.0118 0.0000 0.0000 10.2195 2.8706
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116 1.0103 0.0000 0.0000 0.0000 0.0000
117 1.0070 0.0000 0.0000 11.1381 4.2485
118 1.0070 0.0000 0.0000 11.1381 4.2485
119 1.0115 0.0000 0.0000 14.5828 32151
120 1.0182 0.0000 0.0000 0.0000 0.0000
121 1.0252 0.0000 0.0000 2.9855 2.8706
122 1.0246 0.0000 0.0000 9.9898 4.8227
123 0.9252 0.0000 0.0000 7.3488 113677
124 1.0130 0.0000 0.0000 0.0000 0.0000
125 1.0022 0.0000 0.0000 13.8939 7.6933
126 1.0169 0.0000 0.0000 18.8313 8.4971
127 1.0214 0.0000 0.0000 0.0000 0.0000
128 1.0116 0.0000 0.0000 31.9214 17.4534
129 0.9984 0.0000 0.0000 16.5348 8.7267
130 1.0094 0.0000 0.0000 98.5201 43.4040
131 0.9942 0.0000 0.0000 26.5246 15.9607
132 0.9890 0.0000 0.0000 32.6104 17.3386
133 1.0195 0.0000 0.0000 0.0000 0.0000
134 1.0248 0.0000 0.0000 25.8357 6.4302
135 0.9980 0.0000 0.0000 16.0755 8.1526
136 1.0248 0.0000 0.0000 0.0000 0.0000
137 1.0359 0.0000 0.0000 0.0000 0.0000
138 1.0203 0.0000 0.0000 4433404 | 2152974
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139 1.0085 0.0000 0.0000 249171 11.5974
140 1.0240 0.0000 0.0000 15.8459 6.2006
141 1.0363 0.0000 0.0000 4.5930 3.6744
142 1.0157 0.0000 0.0000 167.7597 83.2483
143 0.9882 0.0000 0.0000 0.0000 0.0000
144 1.0070 0.0000 0.0000 154.4400 81.1815
145 1.0080 0.0000 0.0000 27.2136 4.8227
146 1.0280 0.0000 0.0000 16.7645 -0.6890
147 0.9681 0.0000 0.0000 25.6060 19.7499
148 1.0245 0.0000 0.0000 70.5027 -19.9796
149 1.0245 0.0000 0.0000 0.0000 0.0000
150 1.0245 0.0000 0.0000 0.0000 0.0000
151 1.0440 0.0000 0.0000 0.0000 0.0000
152 1.0136 0.0000 0.0000 0.0025 0.0025
153 1.0380 0.0000 0.0000 10.3343 1.8372
154 1.0117 0.0000 0.0000 17.6831 6.6599
155 1.0274 0.0000 0.0000 13.4346 2.2965
156 1.0364 42.4000 0.9000 95.6764 56.9226
157 1.0334 58.1000 8.5000 90.0000 6.8000
158 1.0049 0.0000 0.0000 188.5501 138.8757
159 1.0141 0.0000 0.0000 0.0000 0.0000
160 1.0333 1179.6000 275.3000 0.0000 0.0000
161 1.0208 0.0000 0.0000 299.1052 | 172.8361
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162 1.0314 0.0000 0.0000 167.0708 51.2121
163 1.0182 0.0000 0.0000 0.0000 0.0000
164 1.0200 0.0000 0.0000 0.0000 0.0000
165 1.0350 33.2000 3.0000 0.0000 0.0000
166 1.0350 191.1000 35.7000 0.0000 0.0000
167 1.0425 66.2000 10.9000 0.0000 0.0000
168 1.0161 -0.7000 -0.2000 0.0000 0.0000
169 1.0470 1159.2000 125.8000 0.0000 0.0000

M13199 ¥.26 FoyamedauoiszuUNAaY 169 T

No. NN fava duduAUT (p.u.) uiuieutlad (p.u)
1 1 2 0.0005+j0.0056 1.0000
2 1 7 0.0000+j0.0775 1.0750
3 1 7 0.0000+j0.0775 1.0500
4 2 6 0.0022+j0.0173 1.0000
5 2 6 0.0022+j0.0173 1.0000
6 2 39 0.0000+j0.0761 1.0000
7 2 39 0.0000+j0.0731 1.0000
8 2 39 0.0000+j0.0731 1.0000
9 2 39 0.0000+j0.0794 1.0000
10 2 169 0.0003+j0.0033 1.0000
11 2 169 0.0003+j0.0033 1.0000
12 3 8 0.0000+j0.0763 1.0250
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13 3 8 0.0000+j0.0769 1.0250
14 3 8 0.0000+j0.0755 1.0250
15 3 4 0.0000+j0.4725 1.0250
16 3 4 0.0000+j0.2862 1.0250
17 3 5 0.0021+j0.0162 1.0000
18 3 5 0.0021+j0.0162 1.0000
19 5 53 0.0000+j0.0661 1.0125
20 5 53 0.0000+j0.0661 1.0125
21 5 53 0.0000+j0.0660 1.0125
22 5 53 0.0000+j0.0640 1.0125
23 5 160 0.0002-+j0.0028 1.0000
24 5 160 0.0002+j0.0028 1.0000
25 6 156 0.0000+j0.0489 0.9565
26 6 156 0.0000+j0.0498 0.9565
27 7 9 0.0223+j0.0338 1.0000
28 7 10 0.0182+j0.0276 1.0000
29 8 10 0.0060+j0.0281 1.0000
30 8 32 0.0137+j0.0410 1.0000
31 8 32 0.0137+j0.0410 1.0000
32 8 32 0.0140+j0.0424 1.0000
33 156 32 0.0755+j0.1165 1.0000
34 156 12 0.0462+j0.0713 1.0000
35 156 13 0.0153+j0.0450 1.0000
36 156 11 0.0157+j0.0456 1.0000
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37 156 11 0.0157+j0.0456 1.0000
38 156 14 0.0176+j0.0511 1.0000
39 156 14 0.0176+j0.0511 1.0000
40 156 22 0.0000+j0.6753 1.0125
41 9 28 0.0000+j0.3655 1.0125
42 9 29 0.0000+j0.3655 1.0000
43 10 30 0.0000+j0.3655 1.0125
44 10 31 0.0000+j0.3655 1.0400
45 11 35 0.0012+j0.0054 1.0000
46 11 35 0.0012+j0.0054 1.0000
47 11 36 0.0086+j0.0249 1.0000
48 11 36 0.0086+j0.0249 1.0000
49 11 27 0.0000+j0.1885 1.0000
50 11 26 0.0000+j0.1847 1.0000
51 12 16 0.0000+j0.1847 1.0000
52 12 17 0.0000+j0.1847 1.0000
53 13 18 0.0000+j0.7309 1.0250
54 13 19 0.0000+j0.7309 0.9675
55 14 15 0.0335+j0.0990 1.0000
56 14 20 0.0000+j1.2329 1.0200
57 14 21 0.0000+j0.7475 1.0000
58 15 24 0.0000+j0.1830 1.0200
59 15 23 0.0000+j0.1830 1.0000
60 24 25 0.0000-+j0.0000 1.0000
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61 32 33 0.0000+j0.1830 1.0000
62 32 34 0.0000+j0.0001 1.0000
63 35 48 0.0000+j2.3925 0.9750
64 35 51 0.0000+j0.1958 1.0283
65 35 52 0.0000+j0.1960 1.0139
66 36 53 0.0002-+0.0010 1.0000
67 36 53 0.0002+j0.0010 1.0000
68 36 37 0.0000+j0.1847 1.0000
69 36 38 0.0000+j0.1847 1.0000
70 39 40 0.0028+j0.0128 1.0000
71 39 40 0.0028+j0.0128 1.0000
72 39 43 0.0012+j0.0054 1.0000
73 39 158 0.0042+j0.0194 1.0000
74 39 158 0.0042-+0.0194 1.0000
75 39 158 0.0079+j0.0234 1.0000
76 39 161 0.0135+j0.0404 1.0000
77 39 161 0.0135+j0.0404 1.0000
78 39 44 0.0000+j0.0001 1.0000
79 39 45 0.0086+j0.0258 1.0000
80 40 41 0.0000-+j0.1830 1.0000
81 40 42 0.0000+j0.1830 1.0000
82 45 46 0.0000+j0.7309 1.0000
83 45 47 0.0000+j0.7309 1.0000
84 48 49 0.0521+j0.0802 1.0000
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85 49 50 0.0000+j0.9017 1.0375
86 157 53 0.0021+j0.0118 1.0000
87 158 54 0.0000+j0.1830 1.0000
88 158 55 0.0000+j0.1830 1.0000
89 158 57 0.0105+j0.0309 1.0000
90 169 60 0.0001+j0.0008 1.0000
91 169 60 0.0001+j0.0008 1.0000
92 56 160 0.0000+j0.0000 1.0000
93 159 61 0.0000+j0.0091 1.0370
94 57 58 0.0000+j0.1830 1.0250
95 57 59 0.0000+j0.1830 1.0000
96 60 161 0.0000+j0.0450 1.0750
97 60 161 0.0000-+j0.0447 1.0750
98 60 161 0.0000-+j0.0400 1.0750
99 60 160 0.0008+j0.0089 1.0000
100 60 160 0.0008-+j0.0089 1.0000
101 160 61 0.0000+j0.0091 1.0370
102 61 89 0.0003+j0.0056 1.0000
103 161 62 0.0000+j0.2878 1.0000
104 161 63 0.0003+j0.0018 1.0000
105 63 64 0.0000+j0.1830 1.0000
106 63 65 0.0000+j0.1830 1.0000
107 63 66 0.0000+0.1830 1.0000
108 67 110 0.0004-+j0.0046 1.0000
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No. NN fava BUTUAUT (p.u.) uinieutlad (p.u)
109 67 110 0.0004-+j0.0046 1.0000
110 67 166 0.0047+j0.0356 1.0000
111 67 166 0.0047+j0.0358 1.0000
112 67 166 0.0047+j0.0358 1.0000
113 67 90 0.0022+j0.0168 1.0000
114 67 162 0.0000+j0.0775 1.0125
115 67 162 0.0000+j0.0775 1.0125
116 67 162 0.0000+j0.0775 1.0125
117 67 88 0.0001+j0.0021 1.0000
118 67 88 0.0001+j0.0021 1.0000
119 68 163 0.0004-0.0045 1.0000
120 68 163 0.0004+j0.0045 1.0000
121 68 142 0.0008+j0.0782 0.9625
122 68 142 0.0008+j0.0782 0.9625
123 68 142 0.0008+j0.0782 0.9625
124 68 142 0.0008+j0.0782 0.9625
125 69 151 0.0000+j0.0001 1.0000
126 69 75 0.0003+;0.0044 1.0106
127 162 70 0.0000+j0.2882 1.0100
128 162 71 0.0000+j0.2855 1.0000
129 162 72 0.0135+j0.0399 1.0000
130 162 80 0.009+j0.0266 1.0000
131 162 84 0.0032+j0.0093 1.0000
132 72 73 0.0000+j0.2867 1.0000
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No. NN fava BUTUAUT (p.u.) uinieutlad (p.u)
133 72 74 0.0000+j0.2867 1.0000
134 72 76 0.0052+j0.0153 1.0000
135 163 164 0.0008+j0.0055 0.9844
136 163 164 0.0008+j0.0055 0.9844
137 163 88 0.0001+j0.0012 1.0000
138 163 88 0.0001+j0.0012 1.0000
139 164 89 0.0000+j0.0007 1.0000
140 164 89 0.0000+j0.0007 1.0000
141 75 89 0.0003+j0.0069 1.0000
142 76 83 0.0006+j0.0043 1.0000
143 76 83 0.0006+j0.0043 1.0000
144 76 77 0.0000+j0.7296 1.0000
145 76 78 0.0000+j0.1847 1.0000
146 76 79 0.0000+j0.7296 1.0000
147 80 81 0.0000+j0.1847 1.0200
148 80 82 0.0000+j0.1847 1.0100
149 83 165 0.0131+j0.0387 1.0000
150 83 90 0.0000+j0.0775 0.9875
151 165 91 0.0126+j0.0371 1.0000
152 84 85 0.0000+j0.7476 1.0000
153 84 87 0.0000+j0.1847 1.0100
154 84 86 0.0000+j0.7476 1.0000
155 84 99 0.0127+j0.0386 1.0000
156 88 93 0.0000+j0.0492 0.9750
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No. NN fava BUTUAUT (p.u.) uinieutlad (p.u)
157 88 93 0.0000+j0.0492 0.9750
158 88 93 0.0000+j0.0492 0.9750
159 88 96 0.0001+j0.0008 1.0000
160 88 96 0.0001+j0.0008 1.0000
161 88 101 0.0053+j0.0401 1.0000
162 88 101 0.0053+j0.0401 1.0000
163 90 166 0.0025+j0.0187 1.0000
164 91 92 0.0000+j0.5846 1.0000
165 91 166 0.0035+j0.2992 1.0500
166 93 94 0.0000+j0.1847 1.0200
167 93 95 0.0000+j0.7476 1.0100
168 93 107 0.0010+j0.0044 1.0000
169 93 107 0.0010+j0.0044 1.0000
170 93 104 0.0024+j0.0162 1.0000
171 93 104 0.0024+j0.0162 1.0000
172 166 167 0.0036+j0.0272 1.0000
173 166 167 0.0036+j0.0272 1.0000
174 167 97 0.0052+j0.6212 1.0000
175 97 98 0.0000+j0.7085 0.9900
176 99 100 0.0000+j2.9824 1.0000
177 99 107 0.0023+j0.0070 1.0000
178 101 102 0.0008+j0.0782 0.9880
179 101 102 0.0008+j0.0782 0.9880
180 101 137 0.0042-+j0.0322 1.0000
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No. NN fava BUTUAUT (p.u.) uinieutlad (p.u)
181 101 137 0.0042-+j0.0322 1.0000
182 102 120 0.0118+j0.0349 1.0000
183 102 103 0.0000+j0.1847 1.0000
184 102 124 0.0105+j0.0310 1.0000
185 104 105 0.0000+j0.1847 1.0200
186 104 106 0.0000+j0.1847 1.0200
187 104 120 0.0132+j0.0400 1.0000
188 107 108 0.0000+j0.1847 1.0200
189 107 109 0.0000+j0.7476 1.0000
190 107 116 0.0160+j0.0491 1.0000
191 110 111 0.0000+j0.0514 0.9875
192 110 111 0.0000+j0.0514 0.9875
193 110 111 0.0000+j0.0514 0.9875
194 111 112 0.0000+j0.7202 1.0000
195 111 113 0.0000+j0.7202 1.0000
196 111 114 0.0000+j0.1847 1.0000
197 111 115 0.0000+j0.1847 1.0000
198 111 127 0.0001+j0.0011 1.0000
199 111 127 0.0001+j0.0011 1.0000
200 116 117 0.0000-+j0.7290 1.0200
201 116 118 0.0000+j0.7290 1.0200
202 116 119 0.0000+j0.1847 1.0100
203 116 142 0.0047+j0.0144 1.0000
204 120 121 0.0000+j0.1847 1.0100
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No. NN fava BUTUAUT (p.u.) uinieutlad (p.u)
205 120 122 0.0000+j0.1847 1.0200
206 120 168 0.0293+j0.0634 1.0000
207 168 123 0.0000+j2.9824 1.0500
208 124 125 0.0000+j0.2061 1.0000
209 124 126 0.0000+j0.2061 1.0300
210 124 134 0.0257+j0.0760 1.0000
211 127 128 0.0000+j0.1847 1.0400
212 127 129 0.0000+j0.1847 1.0000
213 127 138 0.0004-+0.0025 1.0000
214 127 138 0.0004-+0.0025 1.0000
215 130 131 0.0000+j0.1847 1.0300
216 130 132 0.0000-+j0.1847 1.0300
217 130 133 0.0000+j0.1847 1.0100
218 130 138 0.0007-+j0.0048 1.0000
219 130 152 0.0003+j0.0022 1.0000
220 134 135 0.0000+j0.2867 1.0000
221 134 136 0.0000+j0.2866 1.0000
222 134 137 0.0035+j0.3075 1.0000
223 134 137 0.0035+j0.3075 1.0000
224 134 148 0.0240+j0.0699 1.0000
225 134 148 0.0240+j0.0699 1.0000
226 137 151 0.0026+j0.0196 1.0000
227 137 151 0.0026+j0.0196 1.0000
228 138 143 0.0008+j0.0782 0.9250
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No. NN fava BUTUAUT (p.u.) uinieutlad (p.u)
229 138 143 0.0008+j0.0782 0.9250
230 138 143 0.0008+j0.0782 0.9250
231 138 143 0.0008+j0.0782 0.9250
232 138 139 0.0000+j0.1847 1.0200
233 138 140 0.0000+j0.1847 1.0200
234 138 141 0.0000+j0.1847 1.0250
235 138 152 0.0005+j0.0033 1.0000
236 142 144 0.0006+j0.0038 1.0000
237 142 144 0.0006+j0.0038 1.0000
238 144 145 0.0000+j0.1847 1.0000
239 144 146 0.0000+j0.1847 1.0200
240 144 147 0.0000-+j0.1847 1.0000
241 148 149 0.0000+j0.7290 1.0000
242 148 150 0.0000+j0.7290 1.0000
243 148 151 0.0008+j0.0782 1.0250
244 148 151 0.0008+j0.0782 1.0250
245 152 153 0.0000+j0.1847 1.0100
246 152 154 0.0000+j0.1847 0.9900
247 152 155 0.0000+j0.1847 1.0200
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A J v J i’ a % Yoy Jdo o w =
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Pmin Pmax
GEN. Bus NO. a, b, c,
(MW) (MW)
1 156 55.0000 1.2000 0.0187 20.0000 530.0000
2 157 35.0000 2.1750 0.0275 50.0000 520.0000
3 158 30.0000 2.1250 0.0500 30.0000 310.0000
4 159 44.0000 3.1450 0.0125 50.0000 380.0000
5 160 60.0000 3.1250 0.0125 100.0000 | 1500.0000
6 161 54.0000 2.1950 0.0276 10.0000 320.0000
7 162 45.0000 2.2200 0.0220 50.0000 400.0000
8 163 36.0000 2.1250 0.0318 60.0000 280.0000
9 164 90.0000 2.1300 0.0125 50.0000 350.0000
10 165 83.0000 2.2300 0.0365 80.0000 500.0000
11 166 44.0000 3.1430 0.0156 70.0000 450.0000
12 167 35.0000 2.1750 0.0175 90.0000 410.0000
13 168 66.0000 3.1550 0.0225 20.0000 360.0000
14 169 80.0000 2.2250 0.0417 100.0000 | 1500.0000
13197 v.28 @T’Juﬂﬁﬁﬁmﬁﬂ’mﬂmmizuwmau 169 1iar
ﬁmﬂiﬁmmu GUfJ‘]JL"UGIGOiKIﬂ VOUINGIFA

P, (MW) 20.0000 530.0000

P, (MW) 50.0000 520.0000

P, (MW) 30.0000 310.0000

P, (MW) 50.0000 380.0000

P, (MW) 100.0000 1500.0000

P, (MW) 10.0000 320.0000

P, MW) 50.0000 400.0000
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ﬁaglﬂiﬁmmu mamwﬁwqﬂ VD UUAFIFA
P, (MW) 60.0000 280.0000
P, (MW) 50.0000 350.0000
P, (MW) 80.0000 500.0000
P, (MW) 70.0000 450.0000
P, (MW) 90.0000 410.0000
P, (MW) 20.0000 360.0000
P, (MW) 100.0000 1500.0000
Qs (MVar) -5.0000 100.0000
Q s, (MVar) -50.0000 160.0000
Q5 (MVar) -13.0000 120.0000
Q ,,, (MVar) -147.0000 220.0000
Q,, (MVar) -35.0000 130.0000
Q,, (MVar) -10.0000 200.0000
Q,,, MVar) -16.0000 250.0000
Q,; (MVar) -8.0000 240.0000
Q. (MVar) -300.0000 300.0000
Qs (MVar) -47.0000 140.0000
Q. (MVar) -10.0000 200.0000
Q,., (MVar) -20.0000 180.0000
Qs (MVar) -300.0000 150.0000
Q. (MVar) -50.0000 150.0000
V-V, (pu) 0.9000 1.1000
8,0, (degree) -30.0000 30.0000
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Q.,, MVar)

ﬁ’;uﬂiﬁﬂ’mﬂu Guamwéimﬂ VD ULUAYIGA

Q, MVar) -200.0000 200.0000
Q.; (MVar) -200.0000 200.0000
Qg MVar) -200.0000 200.0000
Qo (MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Qc,; (MVar) -200.0000 200.0000
Q. (MVar) -200.0000 200.0000
Qcy; (MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Qc,, (MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Qe (MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Qc;, (MVar) -200.0000 200.0000
Qcs, (MVar) -200.0000 200.0000
Qcs; (MVar) -200.0000 200.0000
Qcy, (MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Qc,, MVar) -200.0000 200.0000

-200.0000 200.0000
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Q100 MVar)
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Qs (MVar) -200.0000 200.0000
Q.,, MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Qcs, (MVar) -200.0000 200.0000
Qcss (MVar) -200.0000 200.0000
Q5o (MVar) -200.0000 200.0000
Qo MVar) -200.0000 200.0000
Qcg; (MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Q.,, (MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Qo (MVar) -200.0000 200.0000
Qg MVar) -200.0000 200.0000
Qg (MVar) -200.0000 200.0000
Qcgq (MVar) -200.0000 200.0000
Qg5 (MVar) -200.0000 200.0000
Qg6 (MVar) -200.0000 200.0000
Qco; (MVar) -200.0000 200.0000
Q0 MVar) -200.0000 200.0000
Qcy0s (MVar) -200.0000 200.0000
Qc06 (MVar) -200.0000 200.0000

-200.0000 200.0000
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Qs MVar)
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Q¢ MVar) -200.0000 200.0000
Q1 MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Q¢y; MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Qpp; MVar) -200.0000 200.0000
Q¢ ps (MVar) -200.0000 200.0000
Qcp; (MVar) -200.0000 200.0000
Qc30 (MVar) -200.0000 200.0000
Q¢ MVar) -200.0000 200.0000
Q¢1us MVar) -200.0000 200.0000
Q45 MVar) -200.0000 200.0000
Qc; MVar) -200.0000 200.0000
Qg5 (MVar) -200.0000 200.0000
Q54 (MVar) -200.0000 200.0000
Q55 (MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Q1 MVar) -200.0000 200.0000
Q¢ MVar) -200.0000 200.0000
Q1 MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000

-200.0000 200.0000
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Qc14e MVar)
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Qcy; MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Q¢1py (MVar) -200.0000 200.0000
Q¢ ps (MVar) -200.0000 200.0000
Qcp; (MVar) -200.0000 200.0000
Q13 (MVar) -200.0000 200.0000
Q¢ MVar) -200.0000 200.0000
Q¢14s MVar) -200.0000 200.0000
Q45 MVar) -200.0000 200.0000
Qc4; MVar) -200.0000 200.0000
Qg5 (MVar) -200.0000 200.0000
Q54 (MVar) -200.0000 200.0000
Q55 (MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Q1 MVar) -200.0000 200.0000
Q¢; MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Qcpp (MVar) -200.0000 200.0000
Qcps (MVar) -200.0000 200.0000
Q¢ 1y, MVar) -200.0000 200.0000
Qcy30 (MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000

-200.0000 200.0000
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Qcy4s MVar) -200.0000 200.0000
Qy MVar) -200.0000 200.0000
Q53 (MVar) -200.0000 200.0000
Q54 (MVar) -200.0000 200.0000
Q55 (MVar) -200.0000 200.0000
Qc1; MVar) -200.0000 200.0000
Qe MVar) -200.0000 200.0000
Q45 MVar) -200.0000 200.0000
Qc¢; MVar) -200.0000 200.0000
Q53 (MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Qs (MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
Qs MVar) -200.0000 200.0000
T, (p.u) 0.9000 1.1000
T, (p.u) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T,,, (p.u.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
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ﬁmﬂiﬁmmu ﬂlﬂﬂml@]éh’qfﬂ VOUINGIGA
T,, (pu) 0.9000 1.1000
T,, (pu.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
T, s (pu.) 0.9000 1.1000
T, s (pu.) 0.9000 1.1000
T,,5 (P 0.9000 1.1000
T, 5 (pou.) 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, (p-0) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
T, (pu) 0.9000 1.1000
T, (pu) 0.9000 1.1000
T,y (po0) 0.9000 1.1000
T,y (pu) 0.9000 1.1000
T, (pu) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
T e, (pu) 0.9000 1.1000
T, (pu) 0.9000 1.1000
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T, (pu) 0.9000 1.1000
T, (pu) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
Ty, (po) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
Ty (P-0) 0.9000 1.1000
T, (p-0) 0.9000 1.1000
T,.., (pu.) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
T,er (pu) 0.9000 1.1000
T,so (p0) 0.9000 1.1000
Top s (P-0) 0.9000 1.1000
T, s (P 0.9000 1.1000
T,y 15 (Po0) 0.9000 1.1000
T, (pu) 0.9000 1.1000
T, (pu.) 0.9000 1.1000
T, (P 0.9000 1.1000
Typrs (P-0) 0.9000 1.1000
Ty e (o0 0.9000 1.1000
T, 0 (D0 0.9000 1.1000
T, (pu.) 0.9000 1.1000
Tyyes (p0) 0.9000 1.1000
T, (po0) 0.9000 1.1000




M13°199 9.28 A3 NNINTAIVANVOITLULNATOU 169 1d (AD)

227

ﬁmﬂiﬁmmu ﬂlﬂﬂml@]éh’qfﬂ VOUINGIGA
T, e (p0) 0.9000 1.1000
T, (P 0.9000 1.1000
T, (p0.) 0.9000 1.1000
T, (o0 0.9000 1.1000
Ty (P01 0.9000 1.1000
T (P-0) 0.9000 1.1000
o0 (-0 0.9000 1.1000
Ty, (P01 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
oo (P-U) 0.9000 1.1000
T, 16 (0 0.9000 1.1000
T,,.; (pu.) 0.9000 1.1000
T,,., (pu.) 0.9000 1.1000
T es 16 (o0 0.9000 1.1000
Ty os 10 (D0 0.9000 1.1000
T, (p.u.) 0.9000 1.1000
T, . (pu.) 0.9000 1.1000
T (p00) 0.9000 1.1000
Tyq (p0) 0.9000 1.1000
Typs (P01 0.9000 1.1000
T, (p0) 0.9000 1.1000
Typqs (p-0) 0.9000 1.1000
Ty s (pu) 0.9000 1.1000
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Typqe (P-0) 0.9000 1.1000
Ty05 (P01 0.9000 1.1000
Ty (p0) 0.9000 1.1000
Ty05 (p01) 0.9000 1.1000
T,,., (pu.) 0.9000 1.1000
Ty 166 (P-U) 0.9000 1.1000
Ty, (p0) 0.9000 1.1000
Tysos (pu) 0.9000 1.1000
T, (1) 0.9000 1.1000
Ty o0 (p01) 0.9000 1.1000
Tyo. 00 (P-0) 0.9000 1.1000
T 0110 (D1 0.9000 1.1000
T 0110 (D1 0.9000 1.1000
T 5105 (-0 0.9000 1.1000
T 00105 (p0) 0.9000 1.1000
T 00106 (D1 0.9000 1.1000
T, 7,105 (D1 0.9000 1.1000
T 07100 (-U.) 0.9000 1.1000
T, 0, (P02 0.9000 1.1000
T, 0, (p0) 0.9000 1.1000
T, 0, (pu) 0.9000 1.1000
T, (D0 0.9000 1.1000
T, s (pu) 0.9000 1.1000
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T, (pu) 0.9000 1.1000
T, s (pu) 0.9000 1.1000
T, 01, (pu) 0.9000 1.1000
T, s (D0 0.9000 1.1000
T, 00 (P 0.9000 1.1000
T 01 (p0) 0.9000 1.1000
T 301 (p0) 0.9000 1.1000
T g5 (D1 0.9000 1.1000
T, p(pou) 0.9000 1.1000
T 0106 (-0 0.9000 1.1000
T 7105 (o0 0.9000 1.1000
T 7.1 (Po1) 0.9000 1.1000
T,y (pu) 0.9000 1.1000
T 3015 (o0 0.9000 1.1000
T 005 (D1 0.9000 1.1000
T,y s (P02 0.9000 1.1000
T s (Po0) 0.9000 1.1000
Ty s (o0 0.9000 1.1000
T s (pu) 0.9000 1.1000
T 4105 (D0 0.9000 1.1000
T s (P01 0.9000 1.1000
T 3105 (D0 0.9000 1.1000
Ty 105 (D0 0.9000 1.1000
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ﬁjllﬂiﬁﬂﬂﬂﬂi\l ﬂlﬂﬂlﬂl@]@‘hq@ GIJ’EJU!"UG]’(,:’NEI@]
T 5513 (P-0.) 0.9000 1.1000
T 55140 (P-0) 0.9000 1.1000
T 5504 (P1) 0.9000 1.1000
T 4p1s (P-0) 0.9000 1.1000
T 44146 (P-U) 0.9000 1.1000
T\ 44147 (P00 0.9000 1.1000
T 45140 (P-U) 0.9000 1.1000
T, 1515 (P-u.) 0.9000 1.1000
T, 515 (P-u) 0.9000 1.1000
T, 515 (P-u) 0.9000 1.1000
T 515 (p-u) 0.9000 1.1000
T 5515 (p-u) 0.9000 1.1000
T 55155 (p-u.) 0.9000 1.1000

w7 szuudeimadliih 115 lalad (9 Ta uasvan 2)

~ 9 o [ o w a 4 =1 =l
AT NN V.29 mayauamaw:umwmaﬂv\l% 115 ﬂIﬁI'JZWI VONADTIUUATINYANT 2

_ | usedudia | drdeliihese [ dadldilGueniiv | Tuanese | Tnansueniinl|
e Wit
(p.u.) (MW) (MVar) (MW) (MVar)

1 1.0000 0.0000 0.0000 0.0000 0.0000 PQ
2 1.0000 0.0000 0.0000 9.0000 4.0000 PQ
3 1.0000 0.0000 0.0000 56.0000 |  24.0000 PQ
4 1.0000 0.0000 0.0000 5.0000 3.0000 PQ
5 1.0000 0.0000 0.0000 20.0000 | 13.0000 PQ
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A 9 o J o w a 4 ~ = '
A1319N V.29 mauﬁauamawzumwmaﬂﬂ% 115 nlaTl7aa Vodan1HUATIVAN 2 (9D)

_ | usedudia | ddaliihese | Sda i ueniin | Tnaaese | Tnaasueniil|
e TNl
(p.u.) MW) (MVar) MW) (MVar)
6 1.0000 0.0000 0.0000 27.0000 20.0000 PQ
7 1.0000 0.0000 0.0000 9.0000 3.0000 PQ
8 1.0000 0.0000 0.0000 12.0000 9.0000 PQ
9 1.0000 0.0000 0.0000 0.0000 0.0000 Slack bus

A Y 1 J o w a 4 ~ =
AT NN V.30 mauﬁamaawmizumwmm”l%lﬁw 115 ﬂIﬁI’JfW] VDNFADIUUATINVANT 2

No. e fafa BUTUAUE (p.u.) ufnsieunad (p.u.)
1 9 2 0.0026+j0.01619 1.0000
2 9 1 0.00185+j0.01154 1.0000
3 2 3 0.00488+j0.03036 1.0000
4 3 4 0.00049+j0.00238 1.0000
5 3 5 0.0104+j0.06477 1.0000
6 1 7 0.00075+j0.00466 1.0000
7 7 8 0.00143+j0.00891 1.0000
8 1 5 0.01105+j0.06882 1.0000
9 5 6 0.0156+j0.09715 1.0000
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Y
HAN1391809U 9NN UTH UTLnoUd 1952 UNAADY 752U AD TSV
naaov 6 1a 14 a 301a 5717a 118 Ta szuunaaevveams lWiiendaursdszma
Tnevesn1Ana1@dUUULAZAIANANATUAZTUANTIV 169 A e nazTzuuIenIae il
a 4 =\ = d'dy [ [l 1Y dy
115 dlaTiaa (UATI1FaUT 2) ¥ UNTIzenA198 1 9AAINANTNAADUVDITLUUAIT]
Al wWamsdassveamInglvianssalszvida
A1l STUUNAEIU 6 Ve

o 9 J v o w ~
e wamsiandIasleilensuimasaauuusiuiGey

cs' 1 a rfd‘ 9 ad a o Y
AT NN A.1 mmimmeiﬂwm’Jﬁuﬁmwu‘qﬂim (GA) 9332V 6 Ud

JTUUNATOU

Population size

Crossover Fraction

Migration Interval

Migration Fraction

6 el

30.0000

0.8000

20.0000

0.3000

~ 1 a P 9 an Y o
AT NN 7.2 ﬂ1W1i11JLGI’é)'§1/lGI,“If"lJ’E)\‘1’J‘ﬁﬂ1‘iﬂuﬂ1ﬂ’ﬂilﬂiiﬁ1u (HS) ¥9332 U 6 Ve

FEUUNATOY HMS HMCR PAR
6 a 10.0000 1.0000 0.4000
a3 1.3 MnsiinesnlFve3Tnduennia (PSO) veszuw 6 Ta
ITUUNATOU Population Maxcount Vmax
6 A 200.0000 50.0000 20.0000
a3 a4 WSeuifeusimnzigaudazitvesssuunasey 6 v
Optimal
BFGS HS PSO GA
solution
P, (MW) 112.7662 103.4791 96.7578 110.5618
P,(MW) 32.2965 45.4499 51.7388 39.0203




d' = = ! d‘ A ad C% J
AT NN 1.4 Lﬂiﬂumﬂummmzmqmmamﬁmmizuumaau 6 U (919)
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Optimal
BFGS HS PSO GA

solution

V,(p.u) 0.9659 1.0217 1.0065 0.9976

V,(p.u.) 0.9633 1.0008 0.9977 0.9847
d, (degree) 0.0425 2.6873 -1.1728 -0.4056
52 (degree) 2.4144 -0.3717 1.4716 1.3600
T,, (p.u.) 0.9835 0.9919 1.0016 0.9871
T, (p.u.) 0.9911 1.0002 0.9987 1.0055
Q.,(MVar) 90.6924 103.6948 87.5730 95.3986
Qcﬁ(MVar) 30.9345 26.1831 27.4463 34,6928

f.1.2  szuunaaey 169 Ua (nvlw.)

A 1 a sq Y a a o %
ATTNWN A.5 ﬂTW15'liJLG]EJi‘I/]GlGHGUE]\‘I’J‘ﬁHNWUﬁ'ﬂiﬁJ (GA) ¥9332UU 169 Ud

TUUNATOU

Population size

Crossover Fraction

Migration Interval

Migration Fraction

169 1id

100.0000

0.9000

20.0000

0.3000

~ 1 a P 9 an 9 o
A1TNINN 7.6 ﬂTV‘HiHJ!,Gl’é)'iﬂi“]i"ll@x‘l’)‘ﬁﬂﬁﬂl!‘lﬂﬂ’ﬂw‘]ﬁif;’ﬂu (HS) v9952UU 169 U

FEUUNATOY HMS HMCR PAR
169 1ier 10.0000 1.0000 0.4000
M3 .7 Aniimes i 19vesiTnqueyaa (PSO) veesz 1L 169 e
JEUUNATOU Population Maxcount Vmax
169 v 200.0000 100.0000 30.0000
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M3 19N 0.8 LﬂifJ“]JL‘V]EJ“lJﬂWLWiJ'I%VIﬁWU’EJ\‘ILmﬁg’JﬁleE]Qi$“]J°]J‘VlﬂﬁfJ°U 169 Ud

235

Optimal
BFGS HS PSO GA
solution

P, (MW) 438.1381 339.4900 498.1333 524.5367
P ., (MW) 403.8612 349.9567 427.8000 513.9233
P . (MW) 211.0620 210.0300 297.1333 306.0767
P, (MW) 272.3348 281.2100 349.1667 376.5033
P, (MW) 1343.3459 1310.0967 1485.0000 1481.3333
P, (MW) 262.3314 210.2833 317.6667 314.6200
P, (MW) 341.3003 262.3567 361.7000 395.4133
P, (MW) 212.0046 164.5800 247.5333 277.0700
P ., (MW) 305.1339 240.4633 347.7333 346.9500
P . (MW) 351.8727 337.4600 484.8333 492.2800
P . (MW) 361.2347 322.2567 423.7000 446.3067
P ., (MW) 317.6317 284.7984 398.0333 406.8500
P, (MW) 312.6889 220.2940 355.8000 355.2633
P, (MW) 1228.3308 943.9765 1484.3667 1436.1200
V.5 (p.u) 1.0250 1.0007 1.0119 0.9588
V5, (p.u.) 1.0123 0.9931 1.0097 0.9818
V. () 0.9699 1.0052 1.0128 0.9854
V.5 (p.u.) 0.9902 1.0050 0.9982 0.9735
V. (0-u) 0.9817 0.9943 0.9962 0.9759
Vi (pu) 0.9713 0.9922 1.0122 0.9547
V., () 0.9843 0.9992 0.9921 0.9547
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d' = = ! d' 1 Aad C% J
M3 19N 0.8 LﬂifJ']JL‘V]EJ“lJﬂWLWﬂJ'I%VIﬁWU’EJ\‘ILWIﬁgﬂﬁﬂlﬁlﬁﬁgﬂﬂﬂﬂﬁﬂﬂ 169 Ud (¢919)

Optimal
BFGS HS PSO GA
solution
V. (pu) 0.9664 1.0032 1.0130 0.9805
V., () 0.9614 1.0048 0.9811 0.9723
Vi (pu) 1.0131 1.0164 1.0133 0.9753
V. (p-u.) 0.9494 1.0127 0.9919 0.9802
V., (pu) 0.9579 1.0133 0.9902 0.9800
V., (1) 1.0176 0.9933 1.0021 0.9520
V. (p.u.) 0.9832 0.9935 0.9886 0.9852
d,5, (degree) 1.3917 0.3182 -1.0376 0.5632
d,5, (degree) -4.7576 0.0710 -1.9772 -0.9397
J,4, (degree) 0.9340 0.2837 -5.0929 0.2647
d,5, (degree) 10.5893 0.0204 -5.6973 2.8731
d,,, (degree) 4.1084 0.3629 0.3722 2.8540
d,,, (degree) 1.9343 0.2980 -3.0508 2.1789
d,,, (degree) -11.5713 -0.3020 0.7044 0.7855
d,,; (degree) 5.9077 -0.2992 2.0295 0.5953
d,,, (degree) 9.9759 -0.2842 2.9068 1.9268
J,,; (degree) -11.5053 0.0021 -0.3208 -0.2144
J, (degree) 12.1018 -0.3152 1.6975 1.4792
d,,, (degree) -4.9909 -0.3144 -2.2912 1.5488
J,, (degree) 3.1688 -1.1753 4.7002 1.9379
d, (degree) -4.3020 0.4105 0.0443 2.3572
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Optimal
BFGS HS PSO GA
solution
T, (p.u) 1.0951 0.9924 1.0159 0.9730
T,,(p.u) 1.0721 0.9966 0.9965 0.9642
T, (p-u.) 0.9885 1.0047 1.0020 0.9722
T, (p-u.) 0.9480 0.9843 1.0113 0.9818
T, (p-u.) 0.9701 1.0121 0.9985 0.9694
T, (p-u.) 0.9816 1.0082 1.0078 0.9699
T, (p.u.) 0.9627 1.0074 1.0028 0.9923
T, (p.u.) 0.9977 0.9871 1.0086 0.9752
T, (p.u.) 0.9986 1.0039 0.9777 0.9837
T,, (p.u) 1.0222 0.9806 0.9842 0.9837
T,, (p.u) 1.0273 1.0152 0.9843 0.9857
T, (p-u.) 1.0253 1.0010 0.9983 0.9789
T, (p-u.) 0.9991 1.0106 1.0219 0.9683
T, (p-u.) 1.0133 1.0140 1.0175 0.9799
T, (p-u.) 1.0032 1.0097 0.9750 0.9729
T, 56 (p-u.) 1.0621 1.0168 0.9932 0.9727
T, 156 (p-u) 1.0436 0.9890 0.9822 0.9694
T,, s (p-u.) 1.0489 0.9998 0.9876 0.9924
T, (p-u.) 1.0484 1.0137 0.9986 0.9658
T, (p-u.) 1.0759 0.9914 0.9687 0.9897
T, 05 (p-u) 1.0569 1.0043 0.9886 0.9719
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Optimal
BFGS HS PSO GA
solution
Tos (p-u) 1.0039 0.9956 0.9922 0.9661
T, (p-u.) 1.0249 1.0033 0.9818 0.9658
T, 26 (P-u.) 1.0518 0.9910 1.0200 1.0022
Ty (p-u.) 1.0342 0.9849 1.0190 0.9690
T, (p.u.) 1.0565 0.9832 0.9926 0.9990
T, s (p-u) 1.0130 1.0050 0.9794 0.9928
Ty, (pou) 1.0376 0.9873 1.0139 0.9850
T, 400 (p-u) 1.0353 1.0101 1.0058 0.9773
T, (pu) 1.0537 0.9781 1.0073 0.9910
T s, (pou) 0.9496 1.0021 1.0194 1.0259
T,s0s (pou) 1.0520 0.9933 1.0176 0.9920
T,,4; (p-u.) 0.9752 0.9978 1.0299 0.9631
T, (p-u) 1.0178 1.0204 1.0022 0.9723
T,ss, (pou) 1.0352 1.0095 1.0334 0.9582
T,ss (pu) 1.0585 0.9926 0.9937 1.0042
T,e5, (p-u.) 1.0465 0.9774 1.0000 0.9745
T,45(p-us) 1.0375 0.9978 0.9988 0.9719
T,0q; (p-u) 1.0278 0.9896 1.0072 0.9717
T, (p-u) 1.0377 0.9973 1.0009 0.9551
T,s.06 (p-u) 1.0290 0.9837 1.0303 0.9687
T, (pu) 0.9990 0.9950 1.0077 0.9739
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Optimal
BFGS HS PSO GA
solution
T, (p-u) 1.0041 0.9965 0.9968 0.9873
T, s (p-u.) 1.0525 1.0027 1.0070 0.9720
Ty 5 (p-u) 1.0625 1.0002 0.9976 0.9462
T, (p-u) 1.0339 0.9814 1.0011 1.0096
T,, s (p-u.) 1.0305 1.0108 0.9977 0.9664
T, (p.u.) 1.0239 0.9824 0.9807 0.9779
T (p-u) 1.0389 1.0012 0.9973 0.9582
T (P-U) 1.0029 0.9774 0.9953 0.9485
Ty 16 (p-u) 1.0310 1.0186 0.9849 0.9558
Ty160 (P-U) 1.0516 1.0072 0.9979 0.9736
T 6 (pu) 1.0229 1.0003 0.9943 0.9758
T4 (pou) 1.0257 1.0120 1.0104 0.9590
Tys65(p-u.) 1.0380 0.9967 0.9822 0.9687
T4 (p-u) 1.0469 1.0061 1.0107 0.9831
T, (P-U) 1.0433 1.0082 0.9916 0.9739
Ty 16, (p-u) 1.0424 0.9839 0.9936 0.9754
Ts.16, (p-U) 1.0560 0.9833 0.9941 0.9752
T 14 (p-u) 1.0184 0.9836 1.0016 0.9576
T 14 (p-u) 1.0541 0.9852 1.0099 0.9587
T (-0 1.0258 0.9887 0.9804 0.9578
T 14 (p-u) 1.0257 1.0120 1.0104 0.9590
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Optimal
BFGS HS PSO GA
solution
To.5 (p-u) 0.9656 1.0013 1.0128 0.9798
T,016, (p-u) 1.0177 1.0115 1.0080 0.9887
T, .16 (p-u) 1.0515 1.0223 1.0230 0.9766
T, (p.u.) 1.0258 0.9759 0.9864 0.9826
T,,., (p.u.) 1.0421 1.0101 0.9867 1.0081
T, 160 (P-U) 0.9592 1.0019 1.0210 0.9832
T, 65160 (-0 0.9859 0.9997 0.9885 0.9849
T,s7, (p-u.) 1.0633 0.9940 1.0035 0.9736
T, (p-u.) 1.0273 0.9966 0.9931 0.9688
T, (p-u.) 1.0288 0.9945 0.9869 1.0030
Tyos (pou) 1.0334 0.9881 1.0021 0.9845
Tyos0 (P-0.) 1.0595 0.9955 0.9879 0.9770
Tgs.00 (p-u) 1.0005 0.9877 1.0067 0.9986
Tys5 (p-u) 1.0338 1.0130 0.9926 0.9837
Teug, (p-u) 1.0562 0.9885 0.9947 1.0017
Typs6 (p-u) 1.0544 1.0115 1.0033 1.0004
Tyq0; (p-u.) 1.0038 0.9961 0.9914 0.9679
Tye05 (pou) 1.0311 1.0136 0.9939 0.9754
Ty05 (p-u) 1.0206 0.9768 0.9931 0.9719
Tegos (p-u) 0.9884 1.0001 1.0133 0.9787
Ty, (p-u.) 0.9656 1.0013 1.0128 0.9798
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Optimal
BFGS HS PSO GA
solution
Tyy.166 (P-U.) 0.9511 1.0144 1.0081 0.9924
Tys04 (p-u) 1.0340 1.0041 1.0137 0.9761
Tys.05 (p-u) 1.0430 0.9800 1.0105 0.9595
Ty, (p-u.) 1.0005 0.9900 0.9657 0.9618
Ty (p-u.) 1.0193 0.9950 0.9787 0.9912
Too. 100 (P-u.) 1.0162 0.9901 0.9813 0.9741
Tor10, (-0 1.0277 1.0161 1.0230 0.9575
T o100 (00 1.0009 0.9982 0.9940 0.9515
T, 00105 (P-u.) 1.0448 0.9721 0.9903 0.9911
T 00105 (P-u.) 1.0653 0.9977 1.0043 0.9863
T 04106 (P-U) 1.0759 0.9959 1.0155 0.9830
T 07108 (P-0) 1.0516 0.9999 1.0330 0.9975
T 07100 (P-0) 1.0008 0.9932 1.0176 0.9576
T, 1001; (p-u) 0.9981 0.9814 0.9847 0.9801
T, 10011 (p-u) 1.0137 1.0090 0.9916 0.9709
T, 1011, (p-u) 1.0108 1.0014 0.9815 0.9760
T, 0, (pu) 1.0289 0.9940 1.0116 0.9630
T, s (pu) 1.0293 1.0026 1.0147 0.9817
T, 0. (pu) 1.0494 0.9991 0.9911 0.9759
T, s (pu) 1.0405 0.9920 0.9992 0.9832
T, 16117 (p-u) 1.0283 1.0231 0.9871 0.9963
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Optimal
BFGS HS PSO GA
solution
T, 1611 (P-0) 1.0193 0.9692 1.0113 0.9859
T, 16110 (P-u) 1.0511 1.0062 0.9868 0.9750
T 20.10; (P-0.) 1.0320 0.9969 0.9939 0.9894
T 1201, (P-u.) 1.0520 0.9722 1.0034 0.9981
T 016 (P-U) 1.0365 0.9939 1.0096 1.0054
T o0 1n5(P-0) 1.0399 1.0005 1.0220 0.9953
T 006 (-0 1.0208 0.9994 0.9783 0.9867
T 07108 (P-0) 1.0397 1.0264 0.9910 1.0041
T,y7100 (p-u) 1.0285 0.9973 1.0064 0.9953
T 3015 (p-u.) 1.0529 0.9933 1.0006 0.9957
T 30.30 (P00 1.0596 0.9969 1.0147 0.9748
T 305 (p-u) 1.0659 1.0069 1.0007 0.9848
T 30055 (p0) 1.0465 0.9933 0.9915 0.9794
T 30156 (p-u) 0.9625 1.0122 1.0074 1.0064
T 3005 (p0) 1.0461 1.0170 1.0092 0.9974
T 3415, (p-u) 0.9537 1.0131 0.9899 1.0236
T\ 35145 (P02 1.0183 0.9918 0.9771 0.9835
T 36003 (P-U) 1.0139 0.9956 0.9747 0.9839
T 55145 (p-u) 1.0327 0.9881 1.0161 0.9828
T 3514 (P01 0.9739 1.0206 1.0108 0.9786
T 3513 (p-u.) 1.0353 1.0125 1.0006 0.9832
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Optimal
BFGS HS PSO GA
solution
T 35100 (P-0) 1.0509 1.0119 0.9964 0.9666
T304 (p-u) 1.0456 1.0085 1.0034 0.9803
T\ 40145 (P00 1.0314 0.9819 1.0228 0.9806
T 44146 (P-U) 1.0555 0.9820 1.0056 0.9898
T, 4010 (P01 1.0292 0.9891 1.0138 0.9719
T 45100 (P-U) 1.0423 0.9995 1.0047 0.9837
T 4515 (P-u.) 1.0606 1.0230 1.0157 0.9767
T 515 (p-u) 0.9656 1.0119 1.0112 1.0236
T, 515 (p-u) 0.9574 0.9983 1.0112 1.0272
T 515 (p-u) 1.0453 1.0184 0.9981 0.9587
T 5150 (P00 1.0388 0.9759 1.0158 0.9756
T, 55155 (p-u.) 1.0421 0.9906 1.0110 1.0020
Q, (MVar) 95.5785 -36.9464 -8.8439 154.6969
Q; (MVar) 104.7062 -3.4912 59.5091 163.8952
Q¢ (MVar) 27.2698 3.0761 -131.2950 149.1124
Qo MVar) -6.1507 29.9309 -7.9193 176.5320
Qs MVar) -36.8875 34.4922 45.2812 152.8649
Qs MVar) -14.9650 19.3561 15.6224 163.7691
Qs MVar) -19.1825 28.3865 51.9201 152.4662
Qc,; MVar) 140.9384 6.4462 -11.1818 163.5119
Qc,, (MVar) -70.4242 15.8458 32.6089 165.4798
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Optimal
BFGS HS PSO GA
solution
Qc,; MVar) 15.2073 -12.1109 -43.6381 157.7617
Qc,y (MVar) 96.5145 7.0902 29.9371 176.7519
Qs MVar) 19.5913 13.3793 35.2109 161.8628
Qc,; (MVar) -36.6934 7.4061 75.6838 161.7660
Qe MVar) -39.7011 27.7951 -68.1232 153.1400
Qo (MVar) -6.9579 1.8624 34.7467 167.4168
Q3 MVar) -42.1050 -20.4352 23.4954 165.9475
Qc;, MVar) -115.6257 36.1818 13.4951 161.5353
Qcs, MVar) 49.4554 27.4751 23.1828 160.9298
Qcs; MVar) 50.1208 46.4169 16.7673 166.9428
Qs (MVar) 61.3801 -9.8355 -48.6945 160.3651
Qe MVar) 85.7005 24.7468 107.4334 166.4751
Qc,; MVar) 53.6546 10.3520 -75.5149 169.0942
Q. MVar) -6.5185 14.7635 -34.9165 155.0159
Qs MVar) -22.4271 20.0958 1.9920 169.3038
Q,; MVar) 23.8992 18.5914 15.6490 164.7179
Qcs; MVar) 2.6146 40.7375 -7.8591 151.4335
Qs (MVar) 52.9624 2.8570 13.0732 164.8522
Qs (MVar) -45.9304 -41.3986 59.3334 170.4186
Q5o (MVar) -4.2877 6.0047 65.0604 159.9038
Qg0 MVar) 52.4875 35.2470 1.4725 172.7457
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M3 19N 0.8 LﬂifJ“]JL‘V]EJ“lJﬂWLWﬂJ'I%VIﬁWU’EJ\‘ILWIﬁg’JﬁleE]Qi$“]J°]J‘Vlﬂﬁ’fJ°U 169 Ud (¢919)

Optimal
BFGS HS PSO GA
solution
Qs MVar) 87.4659 -17.0888 30.7186 158.0380
Qs MVar) 83.2619 -11.5348 -24.4017 153.0396
Qs MVar) 6.9631 28.9888 -97.7735 158.8460
Q,; (MVar) 17.6372 18.6774 15.5013 171.3130
Qs MVar) 17.7487 26.6278 17.9427 172.6117
Qcy (MVar) 11.1087 37.6415 -44.3358 155.3428
Qg MVar) 18.4847 2.8410 34.0080 148.4937
Qg MVar) -19.9195 17.9560 77.4647 173.1158
Qg MVar) 12.3430 27.5877 27.4053 146.7877
Qcgs (MVar) -26.3936 -26.8960 11.2478 168.2540
Qg MVar) 108.2000 14.5358 15.0279 148.0203
Qo3 MVar) -35.9810 17.1358 -44.1445 165.8123
Q10 MVar) 5.9939 5.0006 -15.2738 175.2213
Qc10s MVar) 69.0354 45.8813 -105.6048 145.6747
Qc106 MVar) -46.8649 -16.3802 -41.4592 163.1334
Q00 (MVar) -20.3662 17.7274 -57.7452 140.1046
Q¢ MVar) -10.7250 55.0724 -22.1515 166.7794
Q¢ MVar) -34.0015 -10.4883 18.4216 153.6893
Qs MVar) -25.1120 9.3103 9.5570 167.4395
Qs MVar) 94.5359 37.8977 110.5795 168.9985
Qc; MVar) -28.7212 61.7531 -28.6403 165.7393
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d' = = ! d' 1 Aad C% J
QWTNT]ﬂBLﬂiﬂﬂfﬂﬂﬂﬂnﬂﬂT%ﬂﬁﬂ%ﬂQuﬁﬁglﬁmﬂﬂi$ﬂﬂﬂﬂﬁﬂllIQQUﬁ(ﬁﬂ)

Optimal
BFGS HS PSO GA

solution
Qs MVar) 45.1027 18.8739 55.9062 146.8248
Qcppy MVar) -64.2481 20.8281 8.8401 181.6329
Qe (MVar) 70.3601 26.1503 22.8652 173.7812
Qcp; MVar) 36.7664 71.6816 -9.4750 156.9641
Qc30 (MVar) 133.3316 -33.8256 33.9128 156.9694
Q¢ MVar) -43.7096 18.1731 42.9218 174.2452
Q¢4 (MVar) -67.6185 -12.7815 7.4618 164.6614
Q45 MVar) 65.9450 -38.9292 36.3206 157.4799
Qy MVar) -3.9555 13.8622 60.6473 159.9252
Qcys5; (MVar) -18.6569 26.4848 -35.5112 141.1387
Q54 (MVar) -34.0454 -6.5350 30.4233 156.6106
Q55 (MVar) -2.4083 21.5977 24.2292 171.4232
Q1 MVar) -34.5699 28.3178 14.8848 153.7141
Qs MVar) 103.7299 8.9822 62.8783 168.8510
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Population size

Crossover Fraction

Migration Interval

Migration Fraction

6 e

30.0000

0.8000

20.0000

0.3000
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A 1 a sAq ¥ as Y %
M131N .10 ﬂTWﬁ'lllLG’]?Ji‘I/]Gl"l)’ﬁlJE]\‘I’J‘ﬁﬂﬁﬂu‘l’ﬂﬂ’ﬂuﬂiiﬁ1u( HS) 493321 6 Ue

FEUUNATOY HMS HMCR PAR
6 v 10.0000 0.9000 0.4000
m319f1 A.11 mnsdnesi1§ved3nguennia (PSO) veszuw 6 v
JsuUNagel Population Maxcount Vmax
6 v 200.0000 50.0000 10.0000
m3adl .12 WieuRsu s igavesdas ez uunadey 6 1
Optimal
BFGS HS PSO GA
solution
P, (MW) 107.3364 107.1286 99.4334 108.5401
P,(MW) 40.1797 41.7592 47.8529 43.4309
V,(p.u.) 0.9566 0.9924 1.0089 0.9823
V,(p.u.) 0.9762 0.9984 0.9970 0.9921
d, (degree) -1.6702 -0.6301 1.1976 -2.8825
d, (degree) 3.6184 -0.8719 2.2897 -0.9127
T,, (p.u.) 1.0012 0.9986 0.9948 0.9896
T, (p.u.) 0.9984 1.0105 0.9889 1.0184
Q., Mvar) 69.4277 102.5441 87.5726 111.7185
Q. (Mvar) 33.3582 27.7562 17.8017 31.7448
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M1319N A.13 ﬂ”I“IN”I'iWNLGlﬂiﬂGl%ﬂJBQ’J‘EWQWHT;ﬂiﬁJ (GA) yoInsaUN 1
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IUUNATDOY | Population size | Crossover Fraction | Migration Interval | Migration Fraction
Case 1 10.0000 0.8000 20.0000 0.2000
A15197 A.14 A5 ine i 1983 MIAUMIANILS AU (HS) Y045 8id 1
sTUUNATOU HMS HMCR PAR
Case 1 10.0000 0.9000 0.4000
M3l 7,15 Ansrilaes i 1§vee3sngueyna (PSO) veansdif 1
TUUNATOUY Population Maxcount Vmax
Case 1 30.0000 150.0000 30.0000
A151991 .16 Kams$ravaneumssaassias liSueniin veansdid 1
Losses | V, v, V, v, V, V, vV, V, V, Pref
1.0128 [0.997810.9921| 0.9791 | 0.9790 | 0.9752 | 0.9513 | 0.9984 [ 1.0000{1.0000{ 139.0128
A15197 A.17 wamssiaeandimssaassmaa G ueniinl veans@i 1
y . : Aniioan
TUnoUIT Al ANy Agaga Maga
WATFIU
Losses (MW) 0.7955 0.8092 0.7942 0.0032
BFGS V, (p.u.) 1.0009 1.0010 1.0004 0.0001
v, (p.u) 0.9975 0.9977 0.9966 0.0002




d' o v v o w ) = dd‘ 1
ATNN A.17 Nﬁfﬂifl]'la’EN‘ﬂa{lﬂ?ifﬂﬂﬁiiﬂ'la\‘i]lw%'lﬂl@ﬂ‘ﬂw YDINTUN 1 (919)
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; . : Audouuy
TUADUIT fuly AunaY Agaga ARG
WATFIU
V, (p.u) 0.9898 0.9906 0.9872 0.0007
v, (p.u) 0.9897 0.9905 0.9872 0.0007
V, (pu) 0.9970 0.9989 0.9909 0.0016
V, (p.u) 0.9932 0.9978 0.9856 0.0020
BFGS
vV, (p.u) 1.0004 1.0005 1.0001 0.0001
V, (p.u.) 1.0000 1.0000 1.0000 0.0000
V, (p.u.) 1.0025 1.0025 1.0025 0.0000
Pref (MW) 138.7955 138.8092 138.7942 0.0032
Losses (MW) 0.7942 0.7942 0.7942 0.0000
v, (p.u) 1.0009 1.0009 1.0009 0.0000
v, (p.u) 0.9975 0.9975 0.9975 0.0000
V, (pu) 0.9899 0.9899 0.9899 0.0000
v, (p.u) 0.9898 0.9898 0.9898 0.0000
HS V, (p.u) 0.9973 0.9973 0.9973 0.0000
V, (pu.) 0.9934 0.9934 0.9934 0.0000
vV, (p.u) 1.0004 1.0004 1.0004 0.0000
V, (p.u) 1.0000 1.0000 1.0000 0.0000
V, (p.u.) 1.0025 1.0025 1.0025 0.0000
Pref (MW) 138.7942 138.7942 138.7942 0.0000
Losses (MW) 0.7946 0.7980 0.7942 0.0007
v, (p.u) 1.0009 1.0011 1.0002 0.0002
PSO
V, (pu.) 0.9975 0.9978 0.9963 0.0003
Vv, (p.u.) 0.9899 0.9905 0.9887 0.0003
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d' o v v o w ) = dd‘ 1
ATNN A.17 Nﬁfﬂii]'la’fNWaﬁﬂWii]ﬂﬁiiﬂ'la\?]lW1?1']§Llﬁlﬂ‘1/l‘1/‘l YDINTUN 1 (919)

» : . Adoay
TUAOUIT duls AUNAY GRLAL GRLRT
MR
v, (p.u) 0.9898 0.9904 0.9886 0.0003
V, (p.u) 0.9974 0.9989 0.9960 0.0006
V, (p.u) 0.9935 0.9956 0.9880 0.0012
PSO V, (p.u.) 1.0004 1.0006 1.0000 0.0001
V, (p.u) 1.0000 1.0000 1.0000 0.0000
V, (p.u.) 1.0025 1.0027 1.0013 0.0003
Pref (MW) 138.7946 138.7980 138.7942 0.0007
Losses (MW) 0.7942 0.7942 0.7942 0.0000
v, (p.u) 1.0009 1.0009 1.0009 0.0000
v, (p.u) 0.9975 0.9975 0.9975 0.0000
V,(p.u.) 0.9899 0.9899 0.9899 0.0000
v, (p.u.) 0.9898 0.9898 0.9898 0.0000
GA V, (p.u) 0.9973 0.9973 0.9973 0.0000
V, (p.u) 0.9934 0.9934 0.9934 0.0000
vV, (p.u) 1.0004 1.0005 1.0004 0.0000
V, (p.u) 1.0000 1.0000 1.0000 0.0000
V, (p.u.) 1.0025 1.0025 1.0025 0.0000
Pref (MW) 138.7942 138.7942 138.7942 0.0000
a3t a.18 WisuRsuaumins igavedas 33vesszuunacey 9 td
Optimal
BFGS HS PSO GA
solution
Q¢ MVar) 23.2382 24.1648 24.3470 24.1667
Q. MVar) 19.5380 19.3661 19.4251 19.3645
Vo, (1) 1.0025 1.0025 1.0025 1.0025
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Simulation of a Battery Storage system for Electric Power Distribution systems

with renewable energy plants
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Abstract

This paper presents modeling and simulation of a battery
bank for energy storage purpose in electric power distribution
systems. This work involves a combination between shunt and
series battery cells in order to implement a sufficient battery
storage system. Each battery cell is a leac-acid type of 48 V.
This design consists of two battery banks. Each bank is a
combination of ten shunt-battery modules. One module is built by
seventy series-battery cells. To verify the simulated battery

storage system, one day operation of an electric power

distribution system was tested. This simulation was performed
using MATLAB software. As a result, the battery storage system
was sufficient to support and also to balance the energy
exchange between the generation (drawn from both substation
and renewable energy plants) and the power demand of the

entire system.
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nasualii v lduaswonmaiaiadanszualw i lnd Tl (4
v & odn dd AR I
udr99) SaluAnazanliuneeishaoanizualadinlnglawie
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vsad I Huuum Ao Aailwmadluinsiaddaldadanwluin
v 3 M . 5 L] ¢ A 3 T
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Amantifiniawidy wazuuamaidnduadnialfigmuimnazay
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wiss i i ldlaonmuiowglidunaaameni (21 Soudnds
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B mn Han
1. NIaRen’ (Lead-acid)

= Ad e b . 4 .
I.'IJ'ML'I]Wlﬂ'r‘.'fﬂl'huﬂ'ﬂﬂ 1]]’:1‘1'1']'1191'2rllLN‘.HT'I':‘:'I.'J‘.J'lflllﬂ:llF{H'E'W:

z . . Lo e a
AL L,H'IL'.L'“‘W]YI” '1‘1]']?1HU?\$TI’)U'§H.W'L"2]$|1.L'I»$",L SHLHWASILNTINET
, Pl & . d -
FaFeni wusimainsanzii (Lead-acid) 1w nuRIAaTINOUE
o

o ¥ . " 15 A
vusmad e e lindarm Wi ldumtadszum 10000 Tad

lugranmdng wasinszuadons 450 fa 1100 wanuys ovinli
H'J'lufl,"ﬁl'ﬁ'HJ'trl‘iJ?u

2. @fou lagew (Lithivm-ion)t
lwnueR AL AL EINTI 1.1;mﬁ1:mﬁ rwldaa frwadnuazd
dmdnin livhaodaaden dulaglsluliogn

3. afou losew Indwad {Lithium ion Polymer)
wummedsiatesinruadoiuadon lesew won wailsmum
T luldadn uslidenionls

4. Imﬁﬂw-ﬁmwa%(Sodium-sulfur)
Iuiumeedfidanumwusingasmdaamdn aume aansals

a =

nuldgann fgaia 350°c

A

5. fmfia wia lalas (Nickel metal hydride)

dda

Wukuamasniaulase Memory  Effect  staoninuaziiu

PP

dd. o 40w .
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6. fmfia unaulion (Nickel-cadmium)
4 dda y s . 4
sumnadfdsmigniiga wilidadunatnadig Tywludas
A e e 4 a Kae o
283 Memory Effect Tanfia N138A82IL3ITHLLIRLA 83 TRA%IN 1
Ty dlaldvnsanosdszquuamesldnuataunisiiuda
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Thagaudy 1lesvmuumweistaiisaunaniuymeeisia
nyanzm edaumndadizyldwnniuazanldommawm
4 T 4 o . “
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2.2 aun1snsdail 9

n

V,=Vi+(R, D+ le[— xt+ —KZ (1)
C C- 1t

V, fe LLsa@Twﬁ'iu’wamw\ma%mmsé’mhm‘ )

¥, fe s Iuunmed (V)

R e anudunuwangluim (€

I fe ﬂi:l,mvl,w%ﬁvlmlmm@wmaémm;é’@lﬂi:@ A\

C fe fhmwmlmaal,m@maé (Ah)

t fe L’Jﬂ’l‘ﬁl’ﬂ%ﬂ’ﬁé‘ﬂﬂiﬁglm@L(ﬂaé (h)

N fia peukert's exponent (Lailmuine)
o e a & -
K1 #@e sdudszdntain peukert's equation
a o e a gd .96 w A & @ v a El
K2 fa snawlssantivnlFusaawdninnsriuin danusaed
anthealndidiu
i .. A g d
manmsn (1) Mewsdimesaah 5]
- AMugRia 70 Ah
@ -2
- Rmmm:acﬂﬂ‘szfg =656 x10° Q)
- amedalieg =1
- Kl=090, K2=22
shwmlmesieikunin e dadssqunudiagliannis
o 2 w e e = o e o
7 ) aldmnduiufuessdusunineiunedadsey (fe
Ronandnamidatizgaifl 5,10 uas 15 A mudndu diguUi 3

145 T T T T T T T T T T T T T

@
«

w

Battery voltage (volts)

125

o 1 2 3 4 5 6 7T 8 9 10 1 12 13 14
Charge time (hours)

7N 3 wnduunine T B dailasy
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Abstract

This paper presents the use of the harmony search
method for solving optimal power flow problems. The
harmony search method mimics a jazz improvisation
process by musicians in order to seek a fantastic state
of harmony. To assess the searching performance of
the proposed method, a 6-bus test power systein was
challenged. Satisfactory results obtained from the
proposed method were compared to those obtained by
genetic algorithms, particle swarm optimization, and
the quasi-Newton with BFGS formula.

1. Introduction

Engineering optimization problems contain many
practical complex constraints. They can be formulated
and therefore solved as nonlinear programming
models. The methods for solving this kind of preblems
include traditional mathematical programming (such as
linear programming, quadratic programming, dynamic
programming, gradient methods and Lagrangian
relaxation approaches [1]) and modern meta-heuristic
methods (such as simulated annealing, genetic
algorithms, evolutionary algorithms, adaptive tabu
search, particle swarm optimization, etc [2]). Some of
these methods are successful in locating the optimal
solution, but they are usually slow in convergence and
require very expensive computational cost. Some other
methods may risk being trapped to a local optimum,
which is the problem of premature convergence.

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
[3]. 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

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

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 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 harmony search to
solve optimal power flow problems is proposed [4,5]).
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 MV AR) 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 harmony search
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 [1]. This is summarized as
follows.

ICAEE 2010
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2.1 Non-linear 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

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

Px) = flx) + Qx) )
Q) = p{g"(x) + [max(0, AT} )
Where
P(x) is the penalty function
O(x) is the penalty term
pis the penalty factor

By using a concept of the penalty methed [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 power transmission loss
function is set as the objective function. The power
transmission loss can be expressed as follows.

No Ng
FT :zf(PG,i) :Z(al +biPG,i +C‘PGZ,E) (3)
=1 i=1

Where APg,) is the fuel cost of generating unit /
a; by, ¢; are coefficients of fuel cost APg,)
Fr is the total production cost
Ng is the total number of generating units

220

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
control variables within their limits. Therefore, no
violation on other quantities {eg. 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,
By =By -SYV VI, costd, -5+6)=0 D)
=

NE
Qo= + XAV, I8, s, 5 +8y=0 )
=

Where Pg is the real power generation at bus /
Qg is the reactive power generation at bus
Py, is the real power demand at bus /
O is the reactive power demand at bus §
Np is the total number of buses
8., is the angle of bus admittance element i,j
Y, is the magnitude of ¥y, element i7

2)  Inequality constraint. Variable limitations

I/:min < l/: < V,max (6)
ML =™ U]

s < oot < Qo ®
P < B, <P ®

Where
iy are upper and lower limits of
voltage magnitude at bus ;
g 7o are upper and lower limits of tap
position of transformer i
Qzﬁp,i ? Qz?nxp,r
of reactive power source §

PG“j“, P are upper and lower limits of

are upper and lower limits

power generated by generator

The penalty function can be formulated as follows.

P =F+Q, 40+ +0Q.+Q, 4+ (10)
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Where

Q= pﬁ{ Gi ilV.llV,lmms(o 5+5)}
J=1

i=]

Np

2
Q =ﬂZ{Qa.. O, +ZI VAV Y, | sin8, =6, +5,)}

i=l

Q. = 53 {max (0.0, - 025, )|

i=l
N

» {max(ogzm,,, s )|
g{ =)
i{ (@r=-1)f
0, = o3 fmax 01,1

+p§:{max 0, V,'“"' —V,)}2

=1

PZ{max(O F:G Pcmuax )}

+p£{ (0.pz"-B,,)

Ng is the total number of generators

N is the total number of reactive power
sources

Nris the total number of transformers

3. Harmony search

The harmony search (HS) method [4,5] was
conceptualized from the musical process of searching
for a ‘perfect state’ of harmony, such as jazz
improvisation. Jazz improvisation seeks a best state
(fantastic  harmony) determined by aesthetic
estimation, just as the optimization algorithm seeks a
best state (global optimum) determined by evaluating
the objective function. Aesthetic estimation is
performed by the set of pitches played by each
instrument, just as the objective function evaluation is
performed by the set of values assigned by each
decision variable. The harmony quality is enhanced
practice after practice, just as the solution quality is
enhanced iteration by iteration. Consider a jazz trio
composed of a saxophone, double bass, and guitar.
Assume there exists a certain number of preferable
pitches in each musician’s memory: saxophonist {Do,
Mi, Sol}, double bassist {Ti, Sol, Re}, and guitarist
{La, Fa, Do}. If the saxophonist plays note Sol, the
double bassist plays Ti, and the guitarist plays Do,

together their notes make a new harmony (Sol, Ti, Do)
which is musically the chord C7. If this new harmony
is better than the existing worst harmony in their
memories, the new harmony is included in their
memories and the worst harmony is excluded from
their memories. This procedure is repeated until a
fantastic harmony is found.

However, its first version was invented as a
combinatorial optimization where decision variables
are discrete. To apply the harmony search method to
the real world engineering in which many search
spaces are continuous, some procedure of the harmony
search method must be modified to be able to handle
continuous search variables. Together, the parameter
called bandwidth is used and adaptively changed by
variance of population. Hence, it is an improved
version of the harmony search method which is called
as the improved harmony search method [4,5]. The
steps in the procedure of harmony search are shown in
Fig. 1.

/ START )
e )
Create an initial harmony memory
>
— Y
Improvisation:

Create a new harmony vector by
1. Memory consideration
2. Pitch adjustment

3. Random selection
T Increase Conunter

. =R
Y

Update the harmony memory

¥

",/,, \ Unsatisfied
// 4 4
<__ Check stopping criteria >

Satisfied

‘ Success

(_ stor )
Figure 1. Flowchart of the HS procedure
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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 harmony search were
employed for comparison. Each method was carried
out by 30 trials. Table 1 gave limitations of variables
used to be optimized. Table 2 showed the coefficients
of the quadratic production cost curve as described in

(14).

~m

Figure 1. 6-bus test power system

Table 1. Limitation of control variables

Item Lower limit Upper limit
Pg, S50MW 200 MW
Pga 20 MW 80 MW
v, 0.9 p.u. 1.1pu.
Vs 0.9 p.u. L.1pu
T34 0.9 p.u. [.1pu
T56 0.9 p.u. 1.1 pu.
Ocy 0 Mvar 5 Mvar
Ocs 0 Mvar 5 Mvar

Table 2. Quadratic production cost curve coefficients

Item Min Max a b ¢

Par 50 MW 200 MW 0 100 100

Pgs 20 MW 80 MW 0 500 100
de =q.+b}lf;j +q.]éi an

To find a set of optimal power flow solution, the
proposed method, harmony search algorithm, was
employed. For benchmarking, the quasi-Newton
method, particle swarm optimization and genetic
algorithms were also employed. The harmony search
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method 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
harmony search was the smallest. This indicates that
the harmony search algorithm can be used to find the
optimal power flow solution.

Table 3. Simulation results of all test cases

Production cost (91/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
HS 389470 | 389470 389470 | 0.0001 8.574

5. Conclusion

This paper described the use of harmony search
algorithm to find optimal 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 harmony search can be the
fastest among the intelligent search methods and also
give the smallest S.D. of the solution for the 30 trials.

6. References

[1] AJ. Wood and B.F. Wollenberg, Power generation,
operation and control, Wiley-Interscience, New York, 1996.

[2] J. Kennedy and R.C. Eberhart, Swarm Intelligence.
Morgan Kaufmann, 2001.

[3] J. Carpentier, “Optimal power flows”, Int. J. Electrical
Power and Energy Systems, Vol. 1, April 1979, pp. 3-15.

[4] Z.W. Geem, J.H. Kim and G.V. Loganathan, 4 new
heuristic  optimization  algorithm:  harmony  search,
Simulation, vol. 76, No. 60, 2001.

[5]1 T. Ratniyomchai, A. Oonsivilai, P. Pao-La-Or, T.
Kulworawanichpong, “Economic Load Dispatch Using
Improved Harmony Search”, The WSEAS Transactions on
Systems and Control, Vol. 5, April 2010, pp. 248-257.




264

212 ECTI TRANSACTIONS ON ELECTRICAL ENG., ELECTRONICS, AND COMMUNICATIONS VOL.9, NO.1 February 2011

Loss Minimization Using Optimal Power Flow
Based on Swarm Intelligences

Numphetch Sinsuphun®, Uthen Leeton?, Umaporn Kwannetr?,

Dusit Uthitsunthorn?, and Thanatchai Kulworawanichpong®, Non-members

ABSTRACT

This paper describes optimal power flow based on
swarm intelligences in which the power transmission
loss function is used as the problem objective. Al
though 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, to minimize the overall power transmis-
sion losses, four decision variables are participated.
They are i) power generated from generating plants,
ii) specified voltage magnitude at control substations,
iil) tap position of tapchanging transformers and iv)
reactive power injection from reactive power compen-
sators. Swarm intelligences are wellknown and widely
accepted as potential intelligent search methods for
solving such a problem. In this paper, Genetic Al
gorithms (GA), Particle Swarm Optimization (PSO),
Artificial Bee Colony (ABC) and Differential FEvolu-
tion (DE) are employed to solve optimal power flow
problems. A 6-bus and 30-bus I[EEE power systems
are used for test. As a result, all swarm intelligences
search algorithms can solve optimal power flow prob-
lems efficiently. The artificial bee colony and the dif-
ferential evolution provide results better than other
swarm intelligent techniques.

Keywords: Optimal Power Flow, Power Loss Min-
imization, Genetic Algorithm, Particle Swarm Opti-
mization, Artificial Bee Colony, Differential Evolu-
tion

1. INTRODUCTION

Optimal power flow is one of nonlinear constrained
and occasionally combinatorial optimization prob-
lems 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 op-
timal power flow problems. The primary goal of a
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generic optimal power flow is to minimize the total
production cost of the entire system to serve the load
demand for a particular power system while main-
taining the security of the system operation. The
production costs of electrical power systems may de-
pend on the situation, but in general they normally
mean to the cost of generating power at each generat-
ing unit of power plants. This operation is subjected
to keep each component in the power system within
its desired operation range at steadystate. This will
include maximum and minimum outputs for gener-
ators, maximum MVA flows of power transmission
lines and transformers, as well as system bus volt-
ages within specified ranges.

It has taken over decades to develop efficient algo-
rithms for its solution because it is a very large, non-
linear mathematical programming problem. Many
different mathematical approaches have been applied
for seeking its solution. The methods discussed in
the literature use one of the following five methods
[2]. They are i) lambda iteration method as found
in economic dispatch problem solving, ii) gradient
method, iil) Newtons method, iv) linear programming
and v) interior point method. Apart from analytical
approaches, there also exist intelligent search meth-
ods.

Intelligent search methods (e.g. simulated anneal-
ing [3], genetic algorithm [4], evolutionary program-
ming [5], particle swarm optimization [6]-[9], eic)
have been recently released for the optimal power flow
problem. The genetic algorithm (GA) based solution
methods are found to be most suitable because of
their ability of simultaneous multidimensional search
for optimal solutions. They are wellknown and widely
used at the beginning period of solving the optimal
power flow problems based on intelligent search meth-
ods. However, in recently year, The ABC [10] is
applied to solve optimal power flow. For economic
dispatch problem, the results show that the ABC ap-
proach is able to obtain higher quality solutions effi-
ciently and faster computational time than the con-
ventional approaches. Also, DE [11] is applied to
IEEE 30-bus test system for solving optimal power
flow. The results reported are proficiency of method-
ology over other techniques and the DE solution give
faster convergence than other existing techniques.

This paper proposes an application of swarm intel-
ligences to solve optimal power flow problems. The
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controllable system quantities are generator MW,
controlled voltage magnitude, reactive power injec-
tion from reactive power sources and transformer tap
setting. The objective used herein is to minimize the
overall power transmission losses by optimizing the
control variables within their limits. Therefore, no
violation on other quantities (e.g. MVA flow of trans-
mission lines, load bus voltage magnitude, generator
MVAR) occurs in normal system operating condi-
tions. A six-bus [12] and IEEE 30-bus test system
are employed for test. The results obtained from var-
ious swarm intelligent techniques are compared.

This paper organizes a total of five sections. Next
section, Section two, illustrates optimal power flow
problems with corresponding mathematical expres-
sions of its objective and various practical constraints.
Section three gives the brief of four swarm intelli-
gences (GA, PSO, ABC and DE) for comparative
purposes. It also provides the algorithm procedure,
described step-by-step. Section four is the simula-
tion results and discussion. Conclusion remark is in
Section five.

2. OPTIMAL POWER FLOW PROBLEMS
2.1 Problem Formulation

The optimal power flow problem is a nonlinear op-
timization problem. It consists of a nonlinear ob-
jective function defined with nonlinear constraints.
The optimal power flow problem requires the solution
of nonlinear equations, describing optimal and/or se-
cure operation of power systems. The general optimal
power flow problem can be expressed as a constrained
optimization problem as follows.

Minimize  f(z)

Subject to  g{x) = 0, equality constraints
h(z) < 0,inequality constraints

By converting both equality and inequality con-
straints into penalty terms and therefore added to
form the penalty function as described in (1) and (2).

Plz) = f(z) + Q=) 1)

Q) = pla’ (2) + [max(0, h(2))]*} )

P(z) is the penalty function
(z) is the penalty term
0 i 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

‘Where

penalty function as described above is minimized.

2.2 Objective Function

Alithough most of optimal power flow problems in-
volve the total production cost of the entire power
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system, in some cases some different objective may
be chosen. In this paper, the power transmission loss
function is set as the objective function. The power
transmission loss can be expressed as given in (3).

Nz
f?loss = zgi,j {V;? + ‘/32 — 2‘/1% COS(éi — (53)} (3)

=1

Where: V; is the voltage magnitude at bus ¢
V; ig the voltage magnitude at bus §
g:,; 18 the conductance of line ¢ — §
é; is the voltage angle at bus ¢
d, is the voltage angle at bus §
Ny is the total number of transmission lines
Fioss 1s the power loss function

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 cbjective use herein is to minimize the
power transmission loss function by optimizing the
control variables within their limits. Therefore, no
violation on other quantities (e.g. MVA flow of trans-
mission lines, load bus voltage magnitude, genera-
tor MVAR) occurs in normal system operating con-
ditions. These are system constraints to be formed as
equality and inequality constraints as shown below.

1) Equality constraint: Power flow equations

Ng
Poy—Ppi—> [VillV;]|Yi,

=1

COS(QiyjftsiJr(Sj) =0 (4)

Ng
QaQo i~ [Vi||Vj[Yes|sin(6:; —d:+;) = 0 (5)

=1

Where: Fg; is the real power generation at bus ¢

Qs 1s the reactive power generation at bus 2

Pp; is the real power demand at bus ¢

(2 p; is the reactive power demand at bus ¢

Npg is the total number of buses

B: ; is the angle of bus admittance element
4]

Y; ; is the magnitude of bus admittance
element ¢, 7

2) Inequality constraint: Variable limitations

V'imin S sz S V;mam

©)

Timzn S Tz S Tima:i:

v

min maez
comp,i S QCOWLP#’ S comp,i

®)
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FEY < Pay < YT )
Where: V™" V™% are upper and lower limits of
voltage magnitude at bus ¢
Timin, Tmae are upper and lower limits of tap
position of transformer i
gﬁp,i, Zé’ﬁpyi are upper and lower limits of
reactive power source 7
Frpin P1e® are upper and lower limits of
povlfer geflerated by generator ¢

The penalty function can be formulated as follows.

P(I) = Floss+QP+QQ+QC+QT+Qv+QG (10)
Where:

Ng Ng 2
Qp=p) Pai~Poi=)_[VilV;|Vilcos(0:;—di+4;)
i=1 o
(11)
Ng Na g
Ng=p Qc,i~Qpi—>_|VilVi[Vylsin(8 ;- 8:+85)
= i=1
(i2)
Ne )
Qe = ﬂz_ ':Imn.;r((}, Qmmp\;‘ _ (Tc?;?.\fp.j}llr-
i=1
Ne _ .
FpY ) (mae(0,Qmin, : — Qemp) ). (13)
i=1
Ne
Qpr = il X {TTE-{IZ(O,T‘- - T!_nmnc)}Q
i=1
N,
=y _ 5
+03 " {maz(@, T )} (14)
i=1
N
Qy=p Z {max(0,V; — Vnar))?
im1
N . .
tpY {maz (0, V™"~ V)}® (15)
f=1
Ne .
Qg = .rif,\._‘: {maz(0, Pr ; — PE) )
i=1
Ng )
+pY {maz@.PF - P} (16)
i=1

Ne; is the total number of generators
Ne is the total number of reactive power sources
Ny is the total number of transformers
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3. SWARM INTELLIGENT SEARCH METH-
oDSs

3.1 Genetic Algorithm (GA)

There exist many different approaches to adjust
the control parameters. The GA is well-known [14]
there exist a hundred of works employing the GA
technique to optimize the system objective in various
forms. The GA is a stochastic search technique that
leads a set of population in solution space evolved
using the principles of genetic evolution and natu-
ral selection, called genetic operators e.g. crossover,
mutation, etc. With successive updating new gener-
ation, a set of updated solutions gradually converges
to the real solution. Because the GA is very popu-
lar and widely used in most research areas where an
intelligent search technique is applied, it can be sum-
marized briefly as ehown in the flowchart in figure 1
[15].

In this paper, the GA is zelected to build up an
algorithm to solve optimal power flow problems (all
generation from available generating units). To re-
duce programming complication, the Genetic Algo-
rithm (GADS TOOLBOX in MATLAB [16]) is em-
ploved to generate a set of initial random parame-
ters. With the searching process, the parameters are
adjusted to give the best result.

Start
l—?l.

[ Specify the parameters for GA ]
[— Generate initial population J
2
g‘[ Power flow simulation ]
‘I;.
-

Find the fitness of each individual
In the current population

o4
e
- T,
Gen. = Gen.+1 e Max (i-ul.‘“"
jen. > Max2—
-\.\_‘_\_‘v’_’_/
4 No
Apply GA operators
Selection, crossover and mutation

Fig.1: Flowchart of the GA procedure

3.2 Particle Swarm Optimization (PSO)

Kennedy and Eberhart developed a particle swarm
optimization algorithm based on the behavior of in-
dividuals (i.e., particles or agents) of a swarm [17].
Its roots are in zoologists modeling of the movement
of individuals (i.e., fish, birds, and insects) within a
eroup. It has been noticed that members of the group
seem to share information among them to lead to in-
creased efficiency of the group. The particle swarm
optimization algorithm searches in parallel using a
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group of individuals similar to other Al-based heuris-
tic optimization techniques. HKach individual corre-
sponds to a candidate solution to the problem. Indi-
viduals in a swarm approach to the optimum through
its present velocity, previous experience, and the ex-
perience of its neighbors. In a physical n-dimensional
search space, the position and velocity of individual
¢ are represented as the velocity vectors. Using these
information individual ¢ and its updated velocity can
be modified under the following equations in the par-
ticle swarm optimization algorithm. The procedure of
the particle swarm optimization can be summarized
in the flow diagram of figure 2.

k+1 _ (&) (k+1)
R an
3 {  ibe (&)
'nf - -::!‘ + o I.\ ::r';o*s‘ —x; J + -
fu]
a | ghest (k) ( )
5 (""'i ;|
Where
(ks

x;"'is the individual i at iteration &

i
{

vék' is the updated velocity of individual i at
iteration k

a; g, are uniformly random numbers between [0,1]

xﬁb"'""is the individual best of individual ¢

285t js the global best of the swarm

Evaluae the fitness for each particle

[

Y kmk+]
Check and updane

.

personal best and global best

L Updaee individuals

Upsdate each individual velocity

|
/J\H
P .
<-.£f‘:: stopping critzia_>
\“\«/

} Sansfied

Unsatisfied

‘ Success ‘

|
[ END )
iy

Fig.2: Flowchart of the PSO procedure

3.3 Artificial Bee Colony (ABC)

Artificial bees colony [18-20] was proposed by
Karaboga for sclving numerical optimization prob-
lems. 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 artifi-
cial 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 op-
timization problem and the nectar amount of a food
source corresponds to the quality or fitness of the as-
sociated 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 helow are
repeated until a stopping eriteria is satisfied.

1) Initial phase

Initial population of artificial bee swarms is cre-

ated randomly by the following formula.

Tjj = Tming + rand (0, I) X (mmn:t,j T mmm,j) (]Q)

2) Employed bees phase

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

-P_‘,I fih' (20)

SN

_\_:fm'
i=1

. .
fm'=J L+f; 20 (gl)
| 1+|f| .fi<O
The fitness values might be calculated using the
above definition as expressed in (21).

3) Onlooker bees phaze

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 swarms
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 algo-
rithm, the artificial employed bee whose food source
nectar has been exhausted or the profitability of the
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food source drops under a certain threshold level is
selected and classified as the artificial scout, The clas-
sification is controlled by “abandonment criteria” or
“limit”. If a solution representing a food source po-
sition is not improved until a predetermined number
of trials, then that sclution is abandoned by its em-
ployed bee and the employed bee becomes a scout.
The procedure of the artificial bees algorithm can be
summarized in the flow diagram of figure 3.

| Initaiise 2 popadation of - Scout Bees I
| ™

| Exaluate the Fitess of the Fapulation |

I Select 1 sites for Neighbourhiood search |

!

| Determine the Siee of Neighbosrhiood ‘

[Paich Siee o0t

!

Mecruit Bees for Selected Sites
[more Bees for dhe Beat ¢ Slies)

Update

malividual Bees
of new
population

Neighbourhood Search

[

| Select the Fittes Bee from Each Siie I

| Assign the {0} Remaining Bees to Random Search I

!

| New Papalation of ceont Hooc l

% the termination crierii
satisficd

Fig.3: Flowchart of the artificial beecolony

3.4 Differential Evolution (DE)

Differential Evolution (DE) [21-22] is a recently de-
veloped evolutionary computation technique. DE is
an extremely powerful yet simple evolutionary algo-
rithm that improves a population of individuals over
several generations through the operators of muta-
tion, crossover and selection for global optimization
introduced by Price and Storn. Differential evolu-
tion presents great convergence characteristics and
requires few control parameters which remain fixed
throughout the optimization process and need mini-
mum tuning. DE differs from other EA in the mu-
tation and recombination phase. Unlike stochastic
techniques such as genetic algorithm and evolution-
ary strategy where perturbation occurs in accordance
with a random quantity, DE uses weighted differences
between solution vectors to perturb the population.
It has a minimum number of EA control parameters,
which can be efficiently tuned.

DE uses a population P of size Np, composed of
floating point encoded individuals that evolve over
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Kach
individual X; is a vecltor that contains as many pa-
rameters as the problem decision variables D). The
population size Np iz an algorithm control parameter
selected by the user which remains constant through-
out the optimization process.

G generations to reach an optimal solution.

PP X0, X0 (22)
XY = [ X0 XB T i =T N (23)

The optimization process in Differential Evolution
is carried out by three basic genetic operations: Mu-
tation, Crossover and Selection. The algorithm starts
by creating an initial population of Np vectors. Ran-
dom values are assigned to each decision parameter
in every vector according to:

xS

‘X';rn\u + n(-‘—;h{” . X';ﬁin) (21)

Where:

Xj’”“ and X["** are the lower and upper bounds
of the j*" decision parameter.

n; is a uniformly distributed random number
within [0,1] generated a new for each value of j

X0, is the j'" parameter of the i*" individual of the
initial population

The mutation operator creates mutant vectors X;

by perturbing a randomly selected vector (X,) with
difference of two other randomly selected vectors (X,

and X.)

X8 =XSH+F(XF-XE),i=1,...,N, (25
Where:
Xa; Xy, X are randomly chosen vectors ¢

{1,...,NyJanda # b # ¢ #1.

X, Xy, X, are selected anew for each parent vec-
tor. The scaling constant (F) is an algorithm con-
trol parameter used to adjust the perturbation size in
the mutation operator and improve algorithm conver-
gence. The crossover operation generates trial vectors
(X;/) by mixing the parameters of the mutant vectors
(X,) with the target vectors (Xi) according to a se-

z

lected probability distribution.

e XJ/S,Zf n; < Cr

2 chf, otherwise

(26)

The crossover constant CR is an algorithm param-
eter that controls the diversity of the population and
aids the algorithm to escape from local optima. The
new generation population is obtained by selection
operator that chooses between the trial vectors and
their predecessors (target vectors) those individuals
that present a better fitness or are more optimal ac-
cording to
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xen = [ XGOS f(XF)i=1,....N
* X&, otherwise
(27)

This optimization process is repeated for several
generations, allowing individuals to improve their fit-
ness as they explore the solution space in search for
optimal values.

Initsalization

Mutation

]

Crossover

'

Selection

Swap mpuiulh-ﬂ

Pig.4: Flowchart of the differential evolution algo-

rithm

DE has three essential control parameters: the
scaling factor (F), the crossover constant (CR) and
the population size (NP). The scaling factor is a value
in the range (0, 2] that controls the amount of pertur-
bation in the mutation process. The crossover con-
stant is a value in the range [0, 1] that controls the
diversity of the population. The population size de-
termines the number of individuals in the population
and provides the algorithm enough diversity to search
the solution space. The procedure of the differential
evolution algorithm can be summarized in the flow
diagram as shown in figure 4.

4. SIMULATION RESULTS

To verify the effectiveness and performance of the
swarm intelligent optimization, 6-bus and [EEE 30-
bus test power systems were used for test. Informa-
tion of the 6-bus teat system was given in [12]. The
simulations were performed using MATLAB software
[16]. The test was carried out by solving the opti-
mal power flow problem of the power loss objective.
Variable limits given in Table 1 were used as sys-
tem constraints. For comparison purposes, genetic
algorithm, particle swarm optimization, artificial bees
algorithm and differential evolution were applied to
solve the test system with various cases, Bach method
was challenged by solving given optimal power flow
problems of 30 trials randomly. Minimum, average,
maximum and standard deviation of the 30 trial so-
lutions for the 6-bus test system obtained by each
method were evaluated and shown in Table 2. Table
3 showed the comparison of CPU time spent by each
approach. The optimal control variables obtained by
each method were shown in Tables 4 7. All test cases
were simulated by using the same computer which

was an Intel®, Core 2 Duo, 2.4 GHz, 3.0 GB RAM.

Table 1: Variable limit used for optimal power flow
for the 6-bus test system

. Limit
‘ Variable Min. ] Maxt
V1-V6 (pu) | 090 | 1.1
T1,T2 (pu) | 090 | 1.1
Q1, Q2(Mvar) 0 50
PG1 (MW) 25 | 80
PG2 (MW) 25 | 80

Table 2: OPF solutions obtained by using GA, PSO
ABC and DFE for the 6-bus test system

Power transmission loss (MW
Methad Minimum | Average Maximi1£1 l'))rwia.'t.irjn'
GA 6.7747 69705 75202 01521
PSSO 6.7456 68425 71617 0.0750
ABA 6.7361 6.7361 6.7364 0.0001
DE 67361 6.7361 6.7368 0.0001

Table 3: Computational time to obtain optimal solu-
tions by GA, PSO, ABC and DE for the 6-bus system

Coomputational Time (s
Method Minimum Avcl‘)ra.gc Ma.‘umunll ) Deviation
GA G.91 5.05 9.79 0.7
P50 17.93 136.11 516.49 93.20
ABA 7.40 7.52 7.74 0.0607
DE 3.07 3.10 322 0.0286

The results showed that the ABC and the DE
optimal methods gave the best power flow solution
when compared with those obtained by the GA and
the PSO. For the 6-bus test system, the average
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power loss solutions were 6.9705 MW, 6.8425MW,
6.7361 and 6.7361MW for the GA, PSO, ABC and
DE methods, respectively. However, when conzider-
ing the minimum power loss, the ABC and DE were
the two methods that can find the least loss function
of 6.7361 MW. The standard deviation of the solu-
tions obtained by the GA, P50, ABC and DE were
0.1521, 0.0759, 0.0001 and 0.0001 respectively. The
CPU times spent by each method to find the optimal
solution showed that the DE consumed the least com-
putational time effort. In addition, the DE method
gave the least power transmission loss and spent the
least computational time to reach the best solution.
As a result, the power loss of the entire system can
be improved with 65% reduction.

The voltage profile of the base case before improve-
ment was set to be lower than the specified range. Af-
ter adjust the control variables to their optimal values
the system voltage profile can be resumed to the op-
erating value within the specified range as shown in
figure 5. Table 8 showed the parameter setting of each
method used for conducting the test. Alzo, fipure 8
pave the convergence characteristic of the solutions
obtained by using these methods.

Table 4: Optimal solution by the PSO for the 6-bus

systemn

Conbrel Varinbles Bus ME:;"' "‘:f‘s”""rm_':'_”f" — Optimal
Vi & 1.1 1] 1.1 1.1 1.1

Qenesator (pou) [TT 3 TO0 | 007 T1T [ T03 [ TOoTE

L)) 5 7.9 b 3] i T 58id

Renctive Fower o1 - 30,7 [3 47,1 16.9 4 16T
(Mwnr) o T FEE ET TF0 | J37 | &5.1091
Translormer Tap| T1 XY [XT] 0.0% 106 | 061 | o044
{p.u) T ¥ .07 TOY | 107 [0 | Tomd

~Tomputational Time (5] | 106,11 | 03,0 | 51640 | 17.00 [101.5053

Fower Transmission Loas (MW)| 6.84 | 0.08 | 716 | 6.75 | 6.7486 |
Fower Lons Saving(7) €515 - G566 |66.61| BEB1

Table 5; Optimal solution by the GA for the 6-bus

system
Control Varisbles Bus Mﬂ?“"‘s‘fg‘f%ﬂ‘('}mml Optimal
Vi [ 109 | o.01 110 | 1068 | 1.0994
Generator (pou) [ V3 5 109 | 001 TI10 | 106 | 1.1000
A 3 5.1 3.4 A5 ] 250 ] 254363
Heactive Power | QL i 381 AT B89 | 159 |24.0278
{Mvar) T T [¥A3 5E T 797 | 410958
Teansiormer Tap| T1 | 3.4 | 009 | 003 1.04 | 0.94 | 1.0048
I- b U073 T.08 ; 1.0RUE
T08 | 070 | S0 T id68
€4y | 048 | V.88 Errar
Gdas - 61,65 65,45

Table 6: Optimal solution by the ABC for the 6-bus

Table 7: Optimal solution by the DE for the t-bus

system
Control Variskles | Bus | oommutstionsl Thaele o
VT (] TT (] TT TT TT
Ganerator (pou) [ VT 13 Tt o T T 11
PCE|E TE AT (OO0TET| UTEL | 9743 | 9748
Teactive Power | Gl 1 I8 | 0.080 | On.6 | U687 | InIE
(Mvar) [~ i i1 |0.%i%] 4471 ry] dEi
Tranalormer Tap| T1 | 5.4 | 0.90965 |0.0001 | 0.9074 | 0.9063 | 09965
(pou) T2 | -3 | [O35T |0.0009 | 1.096% | [.0S6E | 1.065%
Computational Time (5} 3.1 |0.0386 | 532 3.07 5.132
Fower Tranamission Loss (MW)| & 7881 | 0.0001 | & 7988 | & 7861 | 67861
Fower Loss Saving(Ta) BE BT - BE&Y | BE BT | BEEY

systent
Gontrol Varisbles Bus —““f”""_'9‘1_'1[‘,'_"“"'1;3:"{""“,"_ Optimal
Vi & 1.1 1] 1.1 1.1 1.1
Generater (pu) [TT T E TT T 1 1 1
Pz E 7.5 LN A o7 A6 ET.E
Fenchive Power | &1 |4 3707 | 0.1356| 0766 | 96.84 | ar.31
{Mvar) oI 1 0T [0.1907 | 49.08 | 4387 [ 4508
Tranalormer Tap| T1 | 5.4 | 0.9965 [0.0003| 0.996 | 0.9989 | 1.0861
{p.u) Y T [ TO95T [ O.000% TOEY [ OEREE
__Computational Time (s) | 781 | 0.0807 140
Power Transmission Loss (MW)) 191 G5l | 6.
Fower Loss Saving(%a) BE.&T . BEBT | &B.&T

Volage gl

Fig.5: Voltage profiles for the 6-bus test system

Table &: Variable limit used for optimal power flow
for the 6-hus test system

Parameter GA PS50 ABC DI
| Population size(Nz) | 30 30 30 0
Maximum iteration 200 200 2001
Crossover Probability .85 0.895
~ Mutation Probability | 0.0058 :
Maxinmum error |1 % 10721 x 10751 x 1071 x 1077

Prvmar b v (]

5 &) ] [ L 06 w0 m ) 10 o
Reratan

Fig.6: Convergence characteristics of each method
for the 6-bus test system
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The second test system to verify the effectiveness
and performance of the swarm intelligences was the
standard [EEE 30-bus test power system. The test
was carried oul by solving the optimal power flow
problem of the power loss objective with variable
limits used as system constraints given in Table 9.
For comparison purposes, genetic algorithm, particle
swarm optimization, artificial bee colony and differen-
tial evolution were applied to solve the test case of this
test system. Each method was challenged by solving
a given optimal power flow problem of 30 trials. Min-
imum, average, maximum and standard deviation of
the 30 trial solutions for the 30-bus system obtained
by each method were evaluated and shown in Table
10. Table 11 showed the comparison of CPU time
spent by each approach. The optimal control vari-
ables obtained by each method were shown in Tables
12 15, All test cases were simulated by using the
same computer which explained previously.

Table 9: Variable limit used for optimal power flow
for the 50-bus test system

Variable Mii‘imﬁax.
V1 to V30 (pu.) | 0.9 1.1
T1to T7 (pu) | 0.9 | 1.1
Ql to Q4 (Mvar) | O 50
Q1 to Q4 (Mvar) | 15 80

Table 10: OPF solutions obtained by using GA,
P8O, ABC and DE for the 30-bus test system

Fower transmission losses (MW
Method Minimum [ Average | Maximu%‘-]:)ewa-fﬁn_
GA 10,90 15.95 31.32 583
PSSO 13.55 17.72 22.66 239
ABC 11.74 15.74 19.34 2.08
DE | 1044 10.51 1116 | 0d4
Table 11: Computational time to oblain oplimal

solutions by GA, PSO, ABC and DE for the 30-bus
system

Method ___ Power transmission losses (MW)
Minimum | Average | Maximum | Deviation
GA 100.67 192.67
PSSO
DE 205.68

The results showed that the DE-based optimal
power flow method gave the best result when com-
pared with those obtained by the GA, PSO and
ABC. For the [EEE 30-bus test system, the average
power loss solutions were 15.95 MW, 17.72 MW, 15.74
and 10.51 MW for the GA, PSO,ABA and DE, re
spectively. However, when considering the minimum
power loss, the DE was the method that can find the

Table 12: Optimal solution by the GA for the 30-
bus system :

Sratistic

Costecl
Vacubles B | pen | so | M | M= | opam
V3 n 3 0.9 o7 2383
I 0862
- A5 .
Generatar — "‘6"‘ ]
) N
132
I 71741
i
Tenctii Q2 3BAES
F:‘:" 363712
it 200381
09865
9983
Trassformes P43
Tap 3478
(pnd

Compuratsonal Timne (5] 33184 62491
Power | Toss (M) 1595 1090
Real Power smving (*e) [AEZ] 1330

Table 13:

bus system

Optimal solution by the PSO for the30-

Conrol
Variables Oprnal
VI3 10597
v — i
var 0396
VIE
Genernee  [—r T
v id 10533
Ll PGS 350614
| PGIG 160168
| BT ATEE
| PG 75,2901
186751

Real Power wvmg (%)

Table 14: Optimal solution obtained by the ABC
Jor the30- bus system
[ peo Sl
Vesin B sD. | Ma
| 23 00253 | 0¥iHg
214 Losie

Generator
ipa)

Mhvar)

Trsnsforeser
Tepipu) |-
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least power loss function of 10.44 MW, The standard
deviation of the solutions abtained by the GA, PSO,
ABC and DE were 5.83, 2.39, 2.08 and 0.14 respec-
tively. The CPU times spent by each method to find
the optimal solution showed that the DE consumed
the least computational time effort. In addition, the
DE method gave the least power transmission loss
and spent the least computational time to reach the
best solution. As a result, the power loss of ihe entire
system can be improved with 60-70% reduction.

The voltage profile of the base case before improve-
ment was set to be lower than the specified range. Af-
ter adjust the control variables to their optimal val-
ues the system voltage profile can be resumed to the
operating value within the specified range as shown
in figure 9. Table 16 showed the parameter setting
of each method used for conduciing the test. Also,
ficure 10 gave the convergence characteristics of the
solutions obtained by using these methods.

Table 15: Optimal solution by the DE for the30-bus

system

Control i —
Vanables Mean 5D Min M | Optimal
VE| 25 1.073803 [0.001601] 1.6712 L0801 | 1073
V25 26 1099803 | 0.000548| 10975 11 Ll
27 37 106865 [0001273] 1 0644 1071__| 10689
Vi o8 1099983 |3 1903 10999 il ]
Ve L0995 | 0.001044] 10847 Ll L1
5‘:.‘:;‘" Vi 30 1070883 | 0,00034 | L0961 11 W
- pGrs| 78 3981541 [306m04| 334197 51315 | 9661
PG6| 36 1500307 | 0005512 s 15,0232 15
BGY7| 27 3033335 |3010784] 130043 | 328194 | 311403
PG| 38 TaI9145 | 0071448] 79,5825 80| 199981
PGH| 19 1500301 0007643 i 13,0352 | 13.0000
H 2 7842173 |8.710024 [] 95582 | 38186
R"cz'_;‘r‘ ol 3 4346034 | 1163968 0.005 4 38975
e 10 002640 _| 14 0968 0_ i
04 18 18.83517 | 0800338 173027
11 [EH 059950 |0.003185| 0.5886 AT
T2 [X] 0983317 0049532 09 05653
T3 | 10 1031557 |0084308) 09 1 10992
T{_‘:"'r“"“‘:" T4 ¥-11 093718 (005337 09 [EH [E]
ALY T5 | e | 0.817m3 | 601 09 | _099L | 0803
T6 | 1213 058559 | 0.06828 [ Logaz 0s
T9 | 82T | 1093133 |0036dss| 09 1 11
__ Corgputateonal Taue (3] 2068961 |0.278618| 2056863 | 0073049 |206.8236
Powe: T, won loss (MW) | 1051208 [0147691] 104449 | 111629 | 104040
Real Power smving (%) 7599286657 - |T4.15907966]72 38273132[14.15907
127
Fl
s
&0
=
3
> I
Rl 1 1418 18 1 Rl I &
Bus Mumbsr

Fig.7: Voltage profiles for the 50-bus test system

Table 16: Parameler setling of each method for the

30-bus
Algorithm GA | PSO | ABC | DE
Population size(Np) a0 a0 an an
Maximum iteration E00 500 500 500
Crossover Probability | 0.85 " - 0.8595
Mutation Probability | 0.0053 |
Maximum error 1 X 10~°|1 X 10771 x 10771 x 107

Fig.8: Convergence characteristics of each method
Jor the 30-hus test system

5. CONCLUSION

Solution methods for solving optimal power flow
problems with the power transmission loss objective
are described in this paper. Some efficient search
methods in forms of swarm intelligences (e.g. genetic
algorithm, particle swarm optimization, artificial bee
algorithm and differential evolution) were employed.
A 6-bus test system and the standard IEEE 30-bus
power system were used for benchmarking. The re-
sults showed that a set of optimal solutions with re-
spect to the power transmission loss objective can be
efficiently solved by using the swarm intelligences As
a resull, the DE and ABC methods showed satisfac-
tory performances of finding the optimal power flow
solutions. In these two test systems, the power loss
can be minimized and the power losses of the entire
network can be improved by 65% power loss reduc-
tion.
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