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ABSTRACT

This thesis aims to propose voltage drop improvement methodologies on 22 kV
distribution system by using high voltage capacitor bank and distributed generator. In the
cases of Industry sectors and private sectors are expanding load capacities by 70%
increasing along Provincial Electricity Authority (PEA) distribution line, which is caused by
voltage drop occurrence on 22 kV distribution network. The voltage regulation standard
that voltage level should be maintained + 5 % of normal voltage level or constraints 20.9
kV to 23.1 kV. The studied system is modelled after part of 22 kV distribution line from
PEA by using PSCAD software. Both high voltage capacitor bank and distributed generator
are applied to this system. The methodologies determined placement location and
installed capacity are based on the front load, the half of reactive power (1/2kVar) and
the 2/3 distancing of distribution line techniques have been presented, respectively. These
techniques are to identify the right capacity and location on distribution system to address
voltage drop issue. However, this research result proposes the half of reactive power
(1/2kVar) technique that can highest perform the voltage drop occurrence on the

distribution system.
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" ShwuzilUvaadrinin

anvazEasdszuusaviiisuin 22 Alahad ludegiussnuiuldanass
YNV NVDINUUAIDHN) ﬁaqﬁmmmﬂizmﬂlm Tngadulugagldauludnuaey el 1 au
2tdl 1 20ashilwdomnn il Tuogfudnunznistieliiulnandifosnisusinmiddlnily
wazue elims@eusonnan Bl luginansne uardisrermstnanviiiidaaaunnsng

iy sluiesnnugwwesanluiilaenaly Antesnsiiihduadaianmueiu aldlunisiass

' v
A ] a

Wonnaedsludiinangldnududnvasmionuauduunuszana 10 w3 lnednvauznis

[
a o v

ARRAIALLEINUTUT 2.2
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WYY 22 kv, 33 kv
22 kV, 33 kV SYSTEM

" ¥ 8 8 1 8 §
pa— ann N =9 T
n* ™ a
‘ oy -
e.700
2,100
t . : H
1R 2z1nmaei guu_nm
LBLV, UNES LV UNES
! -
\
12,200 7,300 12,200
|
| ! i
1 = wRew s 12204 VAR 12,2000
\ 12.20 m CONCRETE POLE 1220 m CONCRETE POLE
\ §--4
I .
l
w2l ANEaN peN o b | O
i z |
|
2,200 | 2,200
| | |
| " | i
1 i3 J 54 1 4 1
i) (2) (3)

5UN 2.2 fegraantiinldmnmedeundnuasnisiiirdiugiiniaiivun [45]

2.1.3 sUuuulassaianisdnsneloundnuuuisinga

Srvnuzasasliih Alddmsudaas doundni dunumnsiifinsdndosuvudumaion
Aosuduananlihdwiundluinasildnlaenssiiegssvimsunsesidludsasaneds
Tngauunnsinaetoudnuauzduilarldtuivanilogvindlnaduluiiuiioum Feenasuluds
nseioldaulnemaly fsuuuuidelisudouuas desldtumnniiga esanlddunuiuaznis
Fovnszuuiesiuitligsenn luvngidsafuiiosndussuuidesonsiluldiuien adama
Tflenuinidefovasszuum Tunsdfensesiifndulufumsesasdoundn fanudululéd
pravililiiduismuavesiasld oghdlsfnuiingfinssuvesUiiuvosnsudlniinasiiaigean
Aol dunanazeziiuunlduvesdnsrualniianauilefsiuvsdnandivarsaneds
anwazIasiniuuuisifsaneduuy Wy wosiawsnines Miduseas ndeudaslniindmue

waesaduluteiseldanusineg Wusiu dwandugun 2.3
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- T T 1 - VIRTNALLTNN T
g F1 g F2 % F3
|
. od
Substation g
TR TR2 TR3
@ pafand aglwin
Load Load Load
l Tvam

SUN 2.3 Fpg19n15anisesanadounantuuLsiaea

U

fmﬂgﬂﬁ 2.4 Anwalz9A s WAl UA LSIAUR NALLUSHUR SINUTEEEAUED

i
v

yasansdaunarsiuluduinvadlvas (UsuiunsswalWinflualuareden) Nienslulmas

AurUIvesasounandne g AIuNguresdnyuenN1ITnaedounaniuazinis

'
I o

N72971899911aA 08 19AN UANDN1UAIINLIIVIIANUEL LAYLUIANBULN1TNTZANNVDIL1aA

v
v

pandu 3 dnuwalzaail

" {yaan iU AN unSENgANIEL BNINAINNENIVDIANeTBUAN
" IanfdauinunluAUNIaNSE g ENER TUANNEIU9E 8 TaUnan
" {yaanieuinunnNUatga1e@anseangdlduonIlanuenveddt gt aunan

MNALANENILITAUTDINITNTEAUFVe N NaAlUAN BaLAI99) AIBE19TU N1INTLINY

I

Iannifidiiuniuatevesssyzatedouanauanslugui 2.4 Azlaandioatsdou

[V
Y

panAmualrisrezanunsdy L waznsewalwidnsiudsumaninnu [ agdudiansewalilin

| o Ao | ! W O 2 I v & A v
GUENI‘V]EW] ILI‘W@Nquaqﬂﬂ@u‘maﬂwmigﬂgﬁqqmaqLLW@%I‘V‘a@LW’]ﬂU X UUNAD Z JUULHBDABDINTT

o A y o ¥ Al I
musssunnfianedouazansamldaingnsiuwmmuswiunnivateaedeou I (x) = i

Tdsgasiwnmasinihagydeluaedouninuduandunisien 2.2

—|—pe————dV(X) ————>i€dx>

< X >

. [(x)»

\ & Y

< L

\ 4

UM 2.4 uapsnsnszanglvanegaiiaveiviiunaenmeleu [46]
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M13197 2.2 kansgaIAUInLIIRURnATeaeuaziaslwihagdsluaedoundnuuuisiiea

[46]
anwaENIsNIEaNevadlvan WIIAUANATINENY Maslnfingeyde
_ _ 72
1. anuwuuaiaue 1 1
2. Twanuniiduanstou 1 1
3. Tnaavtniivaneanedeu . 2L . 8 !
S\ ¢4 15

2.2 mM3sUFuugeusanunn (Voltage drop) Tussuudnmiralni
wannInTziAusstunnlussuus gl Suafiuusiulunudulseanssening
Anszualalin (1) wagadufivuduasansds (2) wefinnsandinseualuliiaduasd uiy
Usinawedvandadlelnanuuslng ifanudesnsnsyualiiindiunndy luvassinanuduniu
fu frsanldainsuavesangniiuas auenvesasliindae ndaferAusunnazia
Wintuileruinvesinanuaysssyanugnivesdeduiuty faenafldniutesindildtmunl’
dmnlaldfinisauauiiednwssiuusstuliingmnzan Tnsanglugadoudevosinan
Algausne lunisesnuwuuseuud gy agdesdmsawinmvuaagliiameiiatsan
MnUSinuredivansnuasasniiaaeds etilugnisiumeaiissiusn (Voltage drop) lu
aedadusuduusn Safulumusaidounsiwindgnugiinig (nin.) Ishedemuanisidouse

seuulasanglndin w.a. 2559 Tngaunamunnsgiuawssiunnvasanelnirluaniznisidau

Unf azgnatuaulidnisid sundasanussiulnwil1dunis (Sending) auludsuanenia

ISP

(Receivine) luitiu + 5% winluszauwsanulndn 22 Alalias warluannizanduilananiinun
S § %

13 +10% vosusasulnirunAsatanslunisnen 2.3
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M131991 2.3 uananaeiinnsguszaulssnuliihgegauazigavesnisinihaduniinie [47]

- - AzUNR ANZANKAY
FEAUUITIAU : — : : —
ANgeEA AREA ANgEN ARG
115 Alalian 120.7 109.2 126.5 103.5
33 Alalan 34.7 31.3 36.3 29.7
22 Alalan 23.1 20.9 24.2 19.8

vyaa

N3 2.3 nsbiidugiinirssdudauauuazdainissilvialudounnlig i

Y
[y
Y]

neeensdounaiingszuulniln Mallagdesnrunussauwstulninlmduluaiy

L3

ANUUTTENA
wasguilingnly dwmsulunseenuuududsdfyidesinnsafauseiuliiien esin
ﬂzy,mumﬁumﬂﬁLﬁmﬁuﬁzwf&mmaﬁ)zﬁﬁamaﬂiwumUizﬁm%mmzwﬁmﬂwlw% Sifl!
dalwiingayde (Power loss) fauszneumdsin Uszdnsamen iudu Taenaluszuumite
AT vurausetulnii 22-33 Alalad azdnisdeldaudulnangldanuiideutemainane
UssLmianuanagsunds salufsiiszsesvhannandliihdunslylogimandldnug
ag v lfAnLTaduAn (Voltage drop) sevinen1suesansds daaresefuussiulwilives
Tnanglduiivatsdsdngae esanssuusmhglaiinduinisdamdsnuli by tuglda
AsouAguALTiSnaIN NI dwmalidoyameUiialnihifidudusgiudeuindldasudy

Weaeuiusvuunisniauarssuudanasbniy dadunaunainnisluldfnssgunselin

o [ (%
o Y

A0 037199 vodlranold artulussuuimunelwind3sdesdin1s AT IEiNITE UUKTe
awzdurenslihildsunanssmuanussunandmsuhnsfinufsanmeiiandu 1o
" asiiausetusnlunsalildlaanndeu fu wy dud ssuvnasaine Wudu ue
usstumnfazgniindilsifuruefifnuemtoutadlaiaswieluuinmiy
» Tssuiidinmasuliindldnssualuiiige favvilidinansenudenmninves
wsaulrliduusnuniursluisissuuaedaie
" Tnanluszuudminefinaneyssiandaonaazliannsnasuintareasdaduluan
Uszinnuazaaautanuule wu naauuuidsliiiiasi (Constant Power) Inan
wuuBufuaudaadl (Constant Impedance) wialnanwuunseudlniinasil (Constant
Current)
Tussuuaedsuuussszdu Snsfinnsanardunuiagaianumieniuingy §een
wsafulalildannsimaisanuussinnvesinandenfilndifostu agtulunisiunnd

ansamusiulnihivansanedaldisuasazaniigaaisiiansandulnasuuunsualniaeg
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2.2.1 nsauauwsIaulnia [48]
Tuszuvanvdadiafinsewaliilvanuimuyinlmin wssrunnNaedaiaaainluaggs

IS t | QII o I 45 Y b4 [ a1 4 1
gdlanAuiunukazanLvieied Javaveansanulniiniusu (Ve agliatdesnin

(%
Y

wsanuluAAuds (Vo) Aetiuatussduanfe (Vs - Ve wazillofein1snidasidudnisniuny

wssnuliazmlaannaunis (1) sadl

% Voltage Regulation = ’s7VR % 100 (1)

VR

TureNnavosm g Ul lngsiunaendgdIasl byl duNanaInudnd1uv09A1

' ¥

a ¢ =% a A ~ Y o g & °
EJ@JWLL@W“UQQ?I’]EJVLWijuiﬂmﬂimm%@ﬂﬁﬁamwmmiLGUEJW]EJLGU?ﬂU?ﬂEJmu fﬂ%&JLMG}Uﬂ’]iMUDW

Wousuusihiaussiulnih i dulumunasiuinsgiuvesmsliidauginalieglusedu

[

WLNZAN F9E1U150 AN aNAIS (2) fiadl

(kVA)(L)(RcosB+XsinB)

% Voltage drop = 10(kV)?

2)
o

kVA #o mdslnihusinguesivan 3 wia

kV @s usesulnsly (wa-una)

L &o augnvesiin

R #e anusunmiuvessieas

X #o erwdunumienivesans

cos 6 s fusznaumas

Sin 0 fs yuuszneumadwnsinulea

wannsddgylunisuTulsausaiuliiziasanaseauwsaiulniwesldaulvden
meludenmununsgiu Insesdusenaulunisusuusausewiuluin szmnunainusadulndi

sl il uddgisedunariuiasgiurewssiuliiy dnsuuuimiainisuiuly

[
v YV

wsanuldinlaeiluasdiaqedu 238 wu nsfnnsrigaunsalniunuussaulnda (Voltage
regulator) wazanAuUszalninids (Power capacitor) n1sdtuaiedoundan (Main feeder)

1Wudu
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Tunsdiiflddufuusealiihfasdluamedeundndursyhminionsedunsesiulnih w99
fugetu Mnyeiinfdeulumaundsinevioamilfuma Ssfemandnmsfiintuludnuaei
Fnfutszeliiussiugsaz senssualiimionhddyuaimiusaulaisindsiudu
nszudlaiiunierimesaetoundn Sensualnihimidasyinlidvamenssualiidma
yaslmandusy (Receiving) vlwnsvualwiniiansdsdidranas Tunadvesrveussunniia 1L

way IX auiuslesidudniiuduvosssaulndianinsanilaainaunis (3) anudieaisil

(kVar)(L)(X)

10(kV)2 )

% Voltage rise =
Tned
kVar #o sdsluilzueadiniiiamu
kV #e ussiulnin (wia-wa)
L fo anugnivewiu

X A9 anudumumtienivesasds

2.2.2 Uggmussauan (Voltage Drop) luaredaunan

Yeymusanunnluszuudming i B R Tt AT YT RIS LAt
ansfruAeussfulwihdanazusefuliingu $1uau 2 9andesnsiinsssing wagluduves
dslnihgadeiuasiinnnanufeuiinnanddsiihaidusnafumuesaetou Tuns
AMunuaroonuuuiadentunasdouiimnzauty A dysusuusniiesfiansanie fn

wsaumnuasmasiniigadeluaedon Wuiu duansasesiiihauyalusui 2.500) wag 2.5(2)

Distribution feeder

Vs s

(n) 29ATEULANBUAAA () Wawaslaasunsunoumng

R*Is

JUT 2.5 uannsasauyanaslaweslaozunsuneufnnwiuiulssqlniusadiugs [49]

Tuvazidgniuaussiulnidiisune Vg frenssualniinlvanu I ludalvan deaz

o

fienwidunszuali  Ip Wenszualnilvarudnihndaiduniuaudesaall Z agviili
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\Aaussiunnasendiangds Vy z&”mi"uLL:Nﬁumﬂm@'@uﬁmmﬁ'w:ﬁmimqLﬂimﬁmﬁuﬁugmm
nsvualinfitnanwiniu 0 esniidnssualiiiyinfuisuunasdsmesssuusminamway
fudlwanieniu safusziivlainaweassiuliivaendinaainussiunnasoudianess
Tuleq

Tudruvesiimamguivensasiniindosiuiaduiidwmaumivadnvesasddlugd

v

Ya9ANNTS (4) faliAe

Vs =Vp +Vy
o
Vi=IR+ X, =I(R+jX.)
=Ig(Rcos@ + jX;sin0)(R+jX;) @
el
Vs fia Aussdulniiaiuds (Sending) ot (3a6)
VR 7o Aussrulaiisiusu (Receiving) siawna (1yae)
I 79 Anszualniiisaugs (Sending) siolila (wou)
Iy A8 enszualniiienuiu (Receiving) Aawna (woud)
Z o Amduiiunudeynsuseinavadaneds (loviv)
R fio Amnuduniuwesanyd (Toviy)
X, Ao denuiumumientimesaeds (lovin)
0  fe yuszninanszuauazuwssauliihsiusy (lavi)

¥
= 1 a = s

nauns (4) wanslmiuiusesunnlussuudmuietu Fs9susdiudunuaudvasans

Y

¥
(YY) ]

a4 ApAIANATUNIUILTUBY USRI IUTENIIANENVBILAE U NTARYesads Tay

ﬁ’]ll’]imfi’]ﬂl’}ﬂ’J’]SJ(;IJWUVlTLJ‘U’OQﬂWHﬁﬂlﬁﬁ]’]ﬂﬁiﬂﬂ’ﬁ (5)
R = p- (5)
Py

R #9 anusumuiiviiedu Teviu (Q)

p. fa arduusEansmuiunuI LIy
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P

£ #e Aennugvesatsdsiviedy Alawns

[ '
A ]

A fe Nuinihdevesaedsdivuieidu aseladiuns

P

TngunAssuuanetauasin1siounaupIlnanag19moL IR aAAUNIIAUDIUANENIIUD
aeds FangAnssuussulninazaseqliatanassovaunseisialaisaoadsnilainsanulii

fan TuvznvuInlanasfvinlrtinseualiilraniusuiuinninlrannivuinei Wenansan

9 Y

1%
=< ] o 1

AussiulwivesudazInanlutisialag agfialiwinfugsziuog fudumisvedivanse
sailumafudausaulni fldnuasiiduluamunmsiniisimun lunsauauussiuladi
fumsliinsiiensardmalirussiulniihfivarsansdainniwnasifivun dmsuaseiududiag
Aussulnihivarganglndulumumnsguenaazyinli AstgmusaduliinAuiduaoddls
Fallgmilintusanan mﬂm{l,w%ﬁauqﬁmﬂiﬁﬁLmeﬂLLﬁ{]iy,mLLiqé’umﬂﬁﬁamﬁa AauAu
Usealnusedugs (HV capacitor) wagnishyd AVR (Automatic Voltage Regulator) lngns
U3UuiiU (Tap) 984 On Load Tap Change (OLTC) i nsiauvadluiinmds 1dudy dnwus
20950 duAEvesT e AT nand susievannuate (Uniformly load) uagng@inisuves
Lmﬁumﬂﬁ'Lﬁm%ﬂmzwﬁi’mmaﬁaLLamﬂugﬂﬁ 2.1 Seaglfinauanguiveamadaiiugiusin o

[

wilglunisussendldanuanmeduay Al

2.3 ﬁ’JLﬁUﬂiquvdﬁﬂLLiﬂﬁuQQ (High Voltage Capacitor)
2.3.1 Uszlemivasnniuuszalniuseiugs
vihfuesiufulszlihusstugaasyhmifisnemaliiBueadin Q) dnwaznnsane
nszualwiliidfemeeame fnsstuduiunssualiiilvavesssuu edidlsfinnunisfiade
AudsalailussusdmigannsotaslunadiuUssansnmussaneadvinsstn Sesslovdi
wildegadaiau wu Yasanidabiiigads (Power Loss) waraheususeiuussiunniuszuy
Se gty snedsiui3uoadinvasssuy Uudssiatsnausidslnih dud 3
wanagldannsAndedisdl
1) anusssunnluaneds (Voltage drop improvement)
devinsiadsiafutszaliinlussuusimite vildanudosnisdslnisueniin
anas Lilesnndufuuseliindeidslniidueaiinliduszuy dsmavilinszualniinluaned
Aanas Sdlussduanfiinduluaisdeiicnanadag
2) anenmaskniihgaydeluaieds (Power loss reduction)
AvidslaihAgandsluapdezudsiunsstunssuasnindsass usiidesainnszuass

anasdudndulaenssiunisuiulssedusznaumasini dauidalvihfagdeluaedds
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Judndruudsunduiuaidiusznaumddlil Wefanadnludssuudnmie dwalvisausenay

Maedienastu Anseualnindssidnana

3) anmastniasdsuundioudadlii

v
=) 4 &

mensalilvanduidgyidennmieuadiinidosannsliilivelvan fewmnilidu
nsgeydeveswnumadn wazlifilvan

nanlagasuillofndsiufuuszlussuudimine dusslowddsdmaliiusznou
Adslaifvioimaeiuames (cos 0) dagsduniadilng 1 undu deazdnaliien
nszualnliirlvanunsfeutassivmirsanas Seilimdslnihgydeiiinaninandrianas
uenaniuselesiivesnsindasifuussalwiussugadigszuusmieinaisusens annns
anide Usuussiusgnaufdalnii iamadlaihege (P) Tussuuanndu saweiadlainiuen
Fivweasengliitlinsualainlvalginanlsunniy uasiidfasnedrmilsieauisaraedsuan
wsasulwinligetulussuudimhe s Wesmndafudseglaiiussiugaiugunsaiifen
Bufiusdasd Inefiussduguaronssualniiuazidsliinsusaiinldundnse

2.3.2 anwagialudmsunsiansdaiuuszalnflousedugs [50]

o
o [ 1 N <

dwsuniasauvesnisiiihdugdniefinisfed s vdsegluiussiugadunig
ponuULAnGINELonems Memsinnsuuaniil Seasdenvasunsaindn 4 dwialud
1) a@inddmiudn-linaees (Load break switch) ¥ivtinfidadnaeasvessalfivyszq
Tl qusenugs
2) gunsalnmadumsfwesluaneds wu Auswiuliin nszualniln Jusy
3) wieuUaslniuasdneluanvimtiususeAuwsaiulni
4) Feuaumsvhauvihmihiidusnsieuligndesmudisesns
5) daninndonsesaiulszqlii wirdu 1,500 wngand Avuaussiuludin 22 Ala
Thadt 50 1Bawd fiviamun 5 gasiowla Sowaisudud 100 Alans wihtu 500 Alans
sowla viossannsaszianaa 15 gasdedufiudsealifimils dumisiiing
vuaaedalnii
6) anéneauiu vhuihiduauluih
7) Fhdtesiu simihidestunszualniiAuvieiineuiiansedlusyuy
8) guUnsaliansanIULYIe (Indicator) Leuansanuglymsunisia
MnsensgUnsaifinaundisiu Idnsesnuuuiasnmsfinsenivlussuusimieldh
fifinnsdrdamunsgrunsindandeusisanidenvesgunaainuszdovresnisininaiy

pinaildnanilitedu dmsunsiasadunuussglihussiuaduansdomnsdne. Ygugiues
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seuUIIUNY (Main feeder) Nflvuawsaaulnidn 22 Alaliad s18asld8ALaLaNBUZNITANRIN

LLamaiu'gUﬁ 2.6(n) LLazgﬂﬁ 2.6(%) AudeU

150

TRANSFORMER,
| 2amowac

| apPROX. 880
1

i

MOMIDUAL  FUSE

[ -
i S

A HE

CAPASITOR BANK
ltsuPPuEn BY PEA

el

BUSHIMG

PN Em\‘r BUS
LREME‘!TE TIME CONTROL umMIT

INDISATOR [REDI

4,000

PRELIMINARY

|

-8! SIZES S0-T0 mn?

e ——

LTERMAL CONNECTER:

ALL DIMENSIONS ARE Wmm

(n) wanInIsoRALUURARIAAUY ST LT IAUES
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/qﬂniﬂmafms

poe

7

7

(1) wAAINIFAAGIALAUUTZRINTLL TG

JUN 2.6 uansnseenuuusazAnnadiifulszglnihussiiugswes nvia.

U

nilananundeunsidinnuuszglninnsinanegunsallaiidusdgafndeauluds

wraaaglndn Tunsalvuinilannsnduuindnusauszana 10 Wasiudaniinlvanazdod

sala

a ¢ A ) 4 [l o (% a Y al 1
ﬂ'ﬁ’)Lﬂi’]%%LW@u']@J’]ﬂﬂﬂ‘N’mE]%’J’NLW@JWS’&MIU?Q"D{LWW’] mmuﬂimmﬁumﬂﬂimﬁwmmﬂwm

ALAINANTLNUADIZUULAESINUDINE 191899 99AITNIITUIAENISANMUANNVUNIANADINT LY

o0 = =

NUBYINUITEN TR AT AT RUINTNANLTY TagNATUINANINNUFIUTDITEUY

T lunsalddlulafinsnnsiufvusyglihidgss uu ieduiuimslinsiiansandumiag

Talunsinsssaly

2.4 nsiasandunulunshan [51]
Wewheduiuussgliivhudndnemasliisuensdin (Q) latusumiandnisinmsd
aunsaandMadiiinusing () laegemnn wazanunsausuugsenulnilnnuauls saly

fernanmasinilussuulusyuu Fannslanadsslevdasanaisadeainnansumidan aziu

[
a o a

msthdiudszglnihussiugdluldusslevdanlngazduiansnandluiuazaunwianeds

¥ (%
a

Felunuideisdunsiiauensindsduiuuseglihussiuasnuiuaisdeundn (Main

feeder) ludnwaizn1sfindauwanluiln (Pole mounting) uenainauInvesdLivUszlnif

' v
o v a LY CC Y

Y1U1AAA A dudAdneg 1 utaduife annusiaafssiniulsea lidnsssuas ae

o 9 Y



21

[V
a o A a (K 1

wwInRNsAadaiansailiinA sl uisduiag lilssansanasfesduaved fudu

¥ v (%
Y 1Y

o £4 = v 1 & v °o w a2 [ o 1 a Y [ 1 = !
15018 FeauusidudiwdsdrAyedu dsdudunidsdinneiniulszaliingeuiinade
wsssiulnihmdeuly amlassybilumsivunvuawassunianlddmsuanaalnlauss oy

gegn sauanalugun 2.7

a Feeder

I )
.

Source —
L oad C

(n) wansdnwaznsAadBNuUsEaliussugdlussuudmue

With capacitor

1.0
0.95

Without capacitor
Vv, P.U,

Feeder length, P.U.

() wanan1sdsuulaesussulnidedunulssalniuswiugansalnialuans
JUN 2.7 uansaudnuasusiulniiasuiUasmnunwiaeds [51]

v
a v v &

YBNAINUNITNINSUIRLAUIAINS UAAG AL AUUTER WAL TIFUAS AI8N1TANAUA

9 Y

) 1 dl Y 3 LY <@ d" 1 ) o 1 Y a ¥ d"j % % v 1
pundanlifansiniulseglui Jeieimuamunielifiarsanliileswiulamudnunesingg
=}
0

® 1yanNiln19nsEaemalLa@Nafe 2/3 VoIANUEEgaInNaRlnidung

o lvaniiin1snszaneifanadde 1/2 vasanueateadsanaadinindunia

o Jasmamatiuwsssiulninligaiupe Annslindlvan

FalpdinnseSueuasdunlunmazmaincase U
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2.4.1 mshassvtlvan
dufuuseyliihussdiuassdrsgaeiddnisueafinlvitussuulniin lnefadunu

o
a v v &

lluszuulnih Faflefndsiniuuseq lwihussiugadnluluszoy vilinssualwidfiama
wlundetumanawefiunszualiiiwesiumionivesszuuliin iosannszualifinues
Fufulszaliindimathuiuasluvasinssualiiiwesmisnidvadmds lnouwumiens
Ansasemaiadfufivuszqlifussiugaggnimuslnedisumisiiinasluszuudmine

Tl Fednwauznisinasiauanduguin 2.8

Distribution feeder

o —> AANA =
Is
M Vg

(n) 2995aUslANDUANAY () usunATDSHaURRGY

Distribution feeder

(P) 29ATAULAUAIAAR (1) inaaslapgunsundaing

JUN 2.8 uanusadiuliihdeunasrdsfnnsiunul szl ssiugadniussuudminglnn

msAanAwssulninvesssuuTwhelihlunsalindesinuusyaliilussiugadngssuy

g sanmlaainaunis [49]
Ig=1Ix+ 1,
= I (cosOr —jsinOy) + j2nfCVy
= Igcos Oy + j(—=IgsinOy + j2mfCVy) (6)

v
Y <@

nsmuaeussiuan (Vg) lussuudwmiendannnisiadeiaivdssqlui azmldann

aunns (7)
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Vy= IR+ [X; — I X, )
MAUAL
R Ao AnusuMuvesastou (Q/m)
X, e enudumudavdeniheesasdou (@/m)

Xc A9 AnNAumugeeNguesaneleu (/m)

Ir Ao nszualilrasnuddiuniu (A)
I, fio nszualniluasnudmienin (A)
o fe nazualrihlwarudaiuusezq (A)

v
Y <

Waniansanluguil 2.9 Wedndsdivuszalniausedugelusmundsaneds vinld
wseuliiinguain 100 Wesidusidu 102 Wesidus nadudafiulseqlniaduseiulig
WinduilaiSeuiniguiunsalldlafanaingssuuimiie lunsainuseiulni o dumisivane

aedsiiatesndn 100 wWeosiudannussuluiiund vilindevinisfindsdaunudszyldn

(%
Y

wseAugadigsruy Jeanunsagaesidusaiulni ity vaiusssuliihlunmsnniinissinns
Winluluszuulil siliiszduussdulnihdandndudy 98 wWesidud 210 96 wWaesidud 1le

Wisuiunsdildfnnsianuuszlniusaiugs

104 — _ -
- With no load =
Voltage rise from the capacitor :
102 = 7
= 100= T s -
g - oltage profile without the capacitor -
3 : :
5 - -
; _ :
o0
= AT~
z _ . ! _
5 100 - With load :
0 : z
L — —
s - -
08 = Voltage profile with the capacitor =
96 — =

Voltage profile without the capacitor

JUN 2.9 wanwmavasussrulwihfiiiinauainnisiasssanfiuusggliih [51]
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2.4.2 n15ANReR8WALA 1/2kVar [49]

£
a Al

wirdadliuwiAnuanIBues Grainger/Lee agldnsindssaiiulszqlni saenisuus

<

A3 wasvuIafiadfivUszeliing idndnnisfednfiulszylaiidusnagyasensy v

wsauliihluluaniiegdiuuunazinaesssvisenseauuseiulunguivandiuaaveasseuu &

FUALDUALUUIY® A9l
A a o v o= = A £
1) @envwaiiavessAuUszglniiiedentdeu
o ¥ d

2) MRUAG LU NAT ARG NUaNsaIUawa1uag

3)  MVUAALALNF UL ANAINFALAUININA1IUDIANYEY

Distribution feeder

Ver « X2l
37 M
Vg -~
> e Tl
es IS 2 | :
Ok l4 |
c2 < > >
Va2 Va1
le
IR

(@) uanuvlaweslnozunsuvassyuudmngluiii [49]
JUN 2.10 wunwidufeauansnisiadasunuussgiiihaumeaie 1/2kvar

dlefinrsanluguil 2,10 fufuuseqluihussiugeinsaeg 2 fumis Fanudnen
wseruanlussuudmglwihgnuuadu 2 du asdiuldinavesssiunn Vgy asdidminniy
Vg1 Wosnndufuussqlwihussiugadioiionsualiiidngssuudmingludiilsianedad
nszudliihanas aziuldan Is danszualniinanas %aﬁﬂﬁgm Bs vaausasulninguddian

anas Tuvafiyuvesuseuluidiusy Or fAnfvudie Tuvaed [ Sinsdanszualuing
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Frenszualiiludaluansusumingy anilinaundieiuaiunsasandlusuvesaunis (8)

[

LaYauNnIs (9) Aatl

Ver = Vg _
Voo = Vg +1; (cosBgr —jsinby) (g + %) ®)
= VR + de
definsanianssudliiiegld g =1 + Ioy war Iy = Ip + 1
Ier = jwlVey
} Iez = jwlVe;
Pl
Vs = Va1 + Ve

= Ip (cosBy —jsinbg) + j2nfCVy (9

(%

WoNa13191n3U7 2.2 wudnlleszuulidnnsfndedunudsealuiigig

Y

sz tAnaslniSweaf WA an 1t d9fun199zdANYIAU 3 1WneIs laeazilaanadagng

AOLRIUNTENIDIUaNga1BdIRsl A MABYINAU 0.8 Wne1s mewadataiuisadrlulglunis

v U
a LY [

Usuugauseauliihanedaluunld andqegrallofnssiuniuuszglifiaiiauin 1200 Alans
munusUatedmIsniansunlugasnsasaseniasliling teainisuvisatvanedsdean

WINAU  -0.4 lWNEIS RN undntdsd usadiganniadlilins woaiwirde 1.8 lwngs

v
Y 13 N

wazidl ofina i vuszalidansawnuei ana1sdnnedn 1200 Aladns vilvaiuisovaiye

1

o w

mdalnianaanfidaviiowindu 0.6 wngis luvasidurisnnasdiiuyseglniussiuas

2 (%
= v 14 a

faunsadredneiasininueaiividngssuulamudu dmussmadativuinsiuvesdiuiu

#

Uszaliihuseiugariniu 2400 Alansdeansatieyawematliitueafinvesanddesiuly

[ '
v =®

dalunuranedslauintudaarmaelun15Sueainveessuunlasulunaunasndafnng @

weRnTsuNtAna It sRuRaLandlugun 2.11
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Without capacitors

Lo 2= =
reactive line : :
flow = -
Mvar : =
0 - -
Substation Feeder end
: After the first capacitor placement :
reactive line : :
flow = -
Mvar : z
0 - -
S S
ST
1200 kvar
- After the second capacitor placement
reactive line _5
flow =
Mvar -
0=

|

|
1200 kvar 1200 kvar

Ul 2.11 uansmsinassufiudszalwiheun 2400 Alaninmeida 1/2kVar [51]

2.4.3 N1shnRenlEAlia 2/3 rule [51]

(%
o Y] [

N3AAFIUOUNATATILATUIATNVUIALAYALAURAAI AL LAD198 9111991 Neagle

o

and Samson (1956) galgimuimaliaiiusunuulnannianvauzaqieiuiasduvislnglaes

i dnsulunistiemdlniadueafinvesiaunuiszgluiasngfnssunisidsundasiiintu

v
v v &

Tuszuudmhenuanddugun 2.12 lunsalnlbilafansiaiudsealii vweiaslniniuendin

Nirgananilluiviadu 3,000 Alansaufslangangdanuarliiianmaalninsuenfinivieed

(%
a Y

e Wedwvada 2/3 rule wildumefnunnisfnsadniuusegluilin 1 dunids vun
YosiuUszglinazdvuinmindu 2,000 Alas FaRaINTEEZNe 2/3 U99538EN9UIEY
Uou nadladumaslwisueadinandiiulszglniazhedelitussuuyilimasinisuen-

Fnvasaanilnidvindu 1,000 Alans
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‘Without capacitors

P =
reactive line : :
flow z -
Mz - -
var 0- -
_Substation Feeder end B
reacltii;\iline E With one capacitor E
Mvar 0 —f f
/} ™~
2-Mvar bank
(n) wansN1sIRLwEiIaa S waaTn
2/(2n+1)
2n/(2n+1) o
(]
o
g
@
> End of
B i i f . . . .
dis‘:ﬂlanuqlizg fi'ne Distance distribution line

var Load

End of
distribution line

() wanansiravasmaslndrswoaiin

sUTl 2.12 uansmsinasiaiuyseglalihauin 2000 Alandmsimain 2/3rle [51]

[y 7
9 a

NaHdIssAwIMmuNguveunain 2/3rule zarunsaliAuInuuInLaY

[

FuvuslunsRnfauUsTUUIIMYNY wuseandu 2 JunsulunisAiuin felisgasidunsail

& < J (Y < v £ 4 g
TupoulsNUNTAIUINNMTUIAAAUUTER LT U9 U Aden13ATvuA

[

U N A7 NABINTALRARINILLLIA18ET Feaglaaunis (10) TunisAmuIuaal

2
1) awevesiuivdszqliih = —— x kVar 1
) wuIAveLiuYsql S Varg,,, (10)

lnefl N Ao IruauduiuUsEglnihuswiugs (Yn)

kVargys Ao ArindslwitSueniivesszuy  (Alannd)

1 J k o 1 U U ¥ 2 al s
L1 Lﬁamaqmimﬁummmt,muwmmLﬁwsxaﬂw% 1 fagla m x 3,000 Alas

avuidnvasiiuUszglii 1 ga wihiu = 2,000 Alans

v 1%
[ v v

d' ) J P o L Ay a [y
VUNDUNEADY L‘UTm'ﬁﬂ'm’mJLWEJM’WﬂLL‘WLN‘V]m@ﬂﬂ'ﬁ@]@(ﬂ\‘i(ﬂ’lLﬂUﬂiSQIW‘W’WLLiﬂﬂu

g9 ldaunts (11) WensAnaae
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. D da & 2n .
2) ALNAUINAANY = X AIMUYNIVBDIFA1YAN (11)
2n+1

fegruty Wedesnsmiunidsaadunuuszglniii 1 azld

2(1)
2(1)+1

x AnugMantniddlulvan

& o 1 a S o < [ 2 1
aviumuridsinnwiuUseglnih 1 ga wiiu = 3 VeIEINYA

2.5 wsesniiialwriuuunseane (Distributed Generator, DG)
Tudagdunisndalnihanunamasnunaunuiulavesdiluegmaiiiod lnglaniz

w3 aanaa Wi wuunsEatense (Distributed Generator, DG) d78%a1nnaausenn Ly

'
o w al

WAIULAIDNNE WaUTWIa tasndsuay Wusy duusidunnasnidaddailddouss

o

g sruudmdiglidy Feliusslenininuigannisienadligssuudming wuaunsauiy

wseulni anaugaydeluszuuiming Wudu lnawewregeduniosiilaliihmendsa

v

Ay vo a X I oA a I ° | A o
ad VleﬂiUﬂ'm@JUEJQJQJ']ﬂGUu@EJ'NG]@LuaﬂIUﬂqiwamﬂigLLavLWﬂ']Hn EﬂigUUﬁnWUWEJVLWﬂ']LLaSVIa']

Ll e

dnUsensnllshedlusslevidmivyaslunisusudsusmulnilussuudaminela uenain
WA AN NI TaLINANT LA UNE LazdulinsiuAwndeudn nanis lng

SearYnvaasaInialiiuunssaesianaa uaNaz i Eue lua s usaly

251 audiugiuvasiaiuaiionaalnii

yiinvestuiuanildiionanliiilngialutude faiusuluuauniiaed faduwis
fuguitedldluthgtuiemnamiilamesivasuasrouiiend uandeudeirdostiin
Ididussuuninlaense wagldseuuamuaulwivsenasaiupulniinlunisaiuauuwen eanan
Yoviuan Tuitadasfuauinisfad s udaseAu fumaIununyuedIn1Is #A18n15098NLUY
dafiaglimuldifsadndeslunsusvammanmiaudiiatusiie 1§ defuaudeumie
Tutp3avasundasmuanignsivavesnseuaanauianisivanuutiulnlusefuannausaan
w31 Fadutedfnvesszuuiiimdmenausnsanandaiuaslunistestueiosiuialilien
Aelvaniy uenanhRsvALLUUANLEIA TUsylgvtiognsnnity 510790, N, 4

a

Usgdngnmadnanuindeiie uazdiedenisgeuune Faiasiiunumedisunlunisuanli

(%
Y v @

wWdszuulniiselulusuian Mellisiuaundalniviaulagldvdnnisiuisusundanuaad
Dundaruliih Tdawuszneuiiugiusi
@ s o D & = a o ¢
o luinalsnes (Rotor) agviminfinyuauauiitay Jeaziudgundsauaaiily

ndsunawaziUd sudulugveandrnuliii lnednwuslassadiaialay
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Usgnoushe auluiia Yanvedluitn (Blades) uaysuilufunamdnveslsmed degu
vosluimazsimihiduatiousnansildinenenindsszminduiafuman

e wna (Nacel) iudmiidnnagandnnseualiin ngluaglunieassUszneu
e wmawazyafii elidmiunasouliianusaseviiingsdu i olv
wanzaufuiidavoundeadnialni uludsssuuusnitlinganieusingevisan

anuiwenasesiflalnilianas ludruusenevdeundudiuvenadostiie
T mFauiussuuaiuausnge w¥onfuiidadlssuussursennia (Cooling Systemn)
dlethovuidsuenaniely seuunsuiuiimmsesiaiuay (Yaw Driven)
o Lafaiuay (Tower) axvimindisessuluialsinesuazuia
ndnnsvinudmtuesgunsaisne dussidumsfmdmuanionndsnuay

W ldaugadumsyinusiuiusswinedulsynouniee vesisiuandmsunisnannseualil

¥
v =

Tunrsuaalninanfaiuau ue e AUN1SHINUTE ISR URIN T UAN LAY ANLS VDAL T

Y
(%

Ugngluin danulunsdliifainnsanrnusiauade Menannsananideseyaundsidaui

Taannaunis (12) Av

d 3
Pyina = EPAVwind (12)

P ina fio waanulai (3es)
P PEAINNUILUUTDIDINIA
A foiiunnialuin (11319088603) waz
V A < 1 a I
wind A2ANULTIaN (UATADIUIN)
1HIpN15UNANIUN 2.13 @rnsaminseualniiiilaainnisiasunsesinilaluiiiuy

nsrneidgsruudvieliinuannts (13) kagaums (14) [52]

Distribution feeder

R Xi
= AN —
ln | S ““ "A
\/\S ““\ o"”
. F ...... Vd ........
|4
) L

5UN 2.13 uansnisanaansesindaliihuuunsenedigssuuimiieg
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Vd == ISRL + ISXL (13)
TuyhusadelnuiafaanisAuIunsewalnidflaanniasaen e Wi wuunseane e
aunns (14) sail

Is = Ig — lag

/Pdg2+ng2
Id -

Avuali
R, Ao Armnuduniuvasaneds (o)
X, Ao Aenudumumieniivesneds (evi)
Is A nszualihlvar uenusuniuvesaeds (weul)
gy 7o nszualytinlyaanniezesdidalwihuuunsyais (ewd)
Vag 7o wsssiliihisuvdaeiesiidaliiuuunseans (wou)

= o L d‘ o a U 3 6
Pyg,Qag, Ao Adsliihvesnsesiuialuitiuuunszane (304, 11%)

2.5.2 Uselevuuaeansviuastnanannia

o

n13Ang A3 oenialniwuunszaredng sruuImtieasvinbiissuudmiiela Su

Y

naUseleviNn ATy iWesainaiunsaateniadlniness (P) wazmaalndnSweadin (Q) Fedlens

v v ¥
v =< a v

Usenaumdanan Jsdaalvisundanfnnsdudausiulniihgeiusndg vazfediulunsai

o w

iwdestdalninduuuudaasta avanmnsosuuazdamdalninguoniin (Q Tiuszsuuswineg
¢ iafouruidugunsaifldmunuussiulii 1ienedwils dmivlunsdlszuudmingdll
A3 peiuila i wuunszane Distibuted Generator, DG) Hu tun1svineuenaazidunisle
Uuuiiundioutastiihiiandluihdundumseuauussfunasninms vieerainisldiui
Usgqlii gunsalldmunuussiuliiin (Voltage Regulator) agnslsfmuiileszuudiming i
Afvwelug Fssunusasiinveslnandiunnuieanedseian dwalivesnisiadaedastide

wuunszaglindumidvaandduniseginannaniluirdenannsatisenseauuseiului

o [y 1

nUangasdsbiiiudusg1eivedfdneie

o
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N1591899L59AUAN IusUUIUe IR 281UsInSL PSCAD

a a s 1 A& = [y o '
IngridnusiauiidunisAnwinanssnuvesissaunn (Voltage Drop) Tuszuudiniie

v A

Iiflhwun 22 Alaliad veanisliidugiiana (nvin.) esmevargUinuinaudadagdud

9

AMUAeINsIE Wi AunTululsazlvan SedanalimianisueteniavadlnanluliazdIwiusd

[

geuluaniu Jawaneuunnfedymussiunnlusyuudmiglai iy

Y

3.1 nsdaesszuuImnglvia

szuudmelni 22 Alalad dlflunsdeesiiuduniwessdnlihdunine
(nWla.) mAwiieiun 2 Fallarmena 43 Alawss Uszneumeanilwiidedeannilvliinaluiie
(Sukhothai substation, STA) wagaa g bW 1suA adn 1u bW 18355ATan (Sawankhalok

substation, SWA) é’ﬂLLamiu;sﬂﬁ 3.1

»
anilnnarfdals
A B c D
5.5 km. 4.5 ko 4.5 k. 3 km. 2.5 km. 6 kam 4.5 km, 3 km. 4 km. 5.5 km.
H l J} J‘J .\,-" J\? l Jf.l J} .'\"I H
086 MWV A 471 MVA 2.55 MWVA 6.02 MVA 0.97 MVA 2.36 MVA. 2.56 MVA 019 MVAL
297 MVA
STANSTAM,STAOS / SWADS
STA 220 MVA SWAONL, SWANR
1634 MVA. 7.25 MVA

SWA 07T MVA

u 9# B 1ihu Load Center W naniilinanssalan 25.5 nu.

U7 3.1 wanauwunmduAevesszuudmnglnih (53]

N3U7 3.1 szuudmnelnihifuaedsuuumiloftsue (Overhead Line) 29951fien
Afinsienlesfuangliinaiia Space Aerial Cable (SAC) 1A 185 ansefiadiuns 91nanTil
nfhaslugsanilnihiuussinanfidousadniussuusmne i dgnuuadudiuau 9 Tuan
Tngfidavearidslniinusng (S) uagduszneumdseudazinaniadeninnin 0.95 d1mds

(Lagging power factor) sawanslum1sneit 3.1 fegadeyannisidnulnanisuiled 2562
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STA Substation SWA Substation
| R~ o, e . B B . ko U o kv =35 @
Ll L I L Wi L L, L Ll
TLinel TLine2 TLine3 TLine4 TLines TLine6 TLine? TLineg TLine9 BRKS2 @
vfr L’Ph + el Phrﬁ‘ ’I\jv
< o ] [ [ (7] Y N
2 2 2 2 3 2 3 3 2
4
@ L L L O - L O L R
= N w » (& o ~ == [
J? <L¢l 'I J:l " J:l <L‘L ‘ J:l d J:l $ J7
P+Q P+Q P+jQ P+Q P+Q P+Q P+Q P+jQ P+jQ

Load no.1

(@) wunmdupgalulusunsy PSCAD

EE ge Voltage e M I3 =,
IConﬁguration s |
o= 4l 3
(v General \\ 9 T T(

Source Name STAD145
Base MVA (3-phase) 100 [Mva]
Base Voltage (L-L, RMS) 23

Base Frequency 50.0 [Hz]
Woltage Input Time Constant 0.02
Infinite Bus ? Yes

Zero Seq. differs from Positive Seq. ?

Impedance Data Format
Graphics Display
Display details ?

fes
R +jX Values

Single line view

MNa

Ge

neral

Ok | Cancel |

Help... |

(m) wansnsfinesvesannilds

el Three Phase Vo

tage s0urc

Loadno.2 Loadno3 Loadno4 Loadno.5 Loadno.6 Loadno.7 Loadno.8 Loadno.9

lCDnﬁgurah’Dn

o/ 41 05

v Gen-eral

Source Mame

Base MVA (3-phase)

Base Voltage [L-L, RMS)
Base Frequency

Voltage Input Time Constant
Infinite Bus ?

Zera-Seq. differs from Positive Seq. 7

Impedance Data Format
Graphics Display
Display details?

SWAD108

100 [MvA]

23

50,0 [Hz]

0.02

fes

Yes

R +X Values
Single line view
MNa

General

Ok | Cancel

Help...

) wansnstinesvesanisu

SUN 3.2 wunnduigassuudmelii
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AN5197 3.2 Wsiwesvadlnananua(iy-Trdlussuudvdielndn 22 Alalas

Tnan szggvineananndl | masluiausing | Maslwiivsng | dausenau
gy | luvdesgledis (km) | 1@u (MVA) Tvisi (MVA) &
1 55 0.86 1.49 0.95
2 10 a.71 8.15 0.95
3 14.5 2.55 4.42 0.95
a4 17.5 6.02 10.42 0.95
5 20 297 5.15 0.95
6 26 0.97 1.67 0.95
7 30.5 2.36 4.11 0.95
8 33.5 2.96 5.11 0.95
9 37.5 0.19 0.31 0.95

INANT199 3.2 wansiinpveiaaliiiusing () duvslvanuagiiussnaumasinih

ziule I IaniarUARRAf AN FILVIUINNARTINDYN 23.59 LNz tnanlnand 4 azidu

U

'
U a

Ivanfifidaunniian luvazilnani 9 agiiulnanififdndesiign ag1lsfid 91nnsvenes
vosszuuliihnunmagnamnssukazaisey Juhbinnussanslidusinaliinly  lasudas
Funtsvedvianimuliiaiiy 70 Wesdudanffelvamau Mlradaidsliisngues
Tnanvioueiindsludifintuegil 40.87 wingiouarimuadlsznauiiddlnihasiiviady 0.95
19184 (Lagging power factor) aEJ'NVLsﬁmmmuﬁuﬁumaqﬁﬁmmfﬁ’ﬁé’ﬂﬂﬂmsﬂﬂg (S) voiluan
finnsslml FuhliAndymussiunnlussuusmheli fafunisinuilymvesusiuanly
sguudmheliihannsdftalvasfiiutudemuumdunisuiulsussiulnihvesdvanus
agshuns Tnoliidulunannsisimsgrunssiulyifihvesnisindidauniinne (nvln.) §ens

Fraesszuudmgliinlaglilusunsy PSCAD [54] fauanshusudl 3.3 Wisldindmnsdines

Mabige Masluinese (P) masluiSuamin (Q) wsssulndn (V) nszualwin (1)
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M13197 3.3 dyanualuazrannisvinuvesaunsaivaniulusunsuy PSCAD

YaW19Lmas Heyanual WANNIIVINGUY
1) Unasany N gyl s Ul wazaud N8
Y l|}—®_ ' = ° vy @ v s
wsamululin YUIAAIN U358 v u Yasuud
vid Ten

(Infinity bus)

2) \A509187n

Y o LYV} 1 a [ d‘ a d’{ d‘
TgdnsuTaanisfwasnisluininaduinelu

NIUR1e)

3) angdarnaalbiii

Mntndudinszualnirlualumlnand

AN 4

4) am

P+Q

° v o & A1 9w \
%WMUWVHﬂLﬂMaﬂWWQI%ﬂWUWWMuu%ﬁﬂﬂﬁﬂ

5) WasNAWUIANDS

IMAd
—

YULNNANADINITVDNaAN U8 A

NFUN 3.2 (V) wanduaunmeslusinsd PSCAD lagsigasidenvesaunsaivanilyly

N199180INILAAIL YA 3.3 iUl e 1 Wunrasdieusasulndiiiesnassanii

Towiasug (Sending) kagmusu (Receiving) lngvnenaw 2 WuiasesiotnAmisfimesnig

1 Tuvznvuieay 3 Wuaigdsndslii Adnsivaewuumiia@sye (Qverhead Line)

lnpiin1susudsmnsdiwesvasanedsiaelnin Asuaniseasidenlun1sen 3.4 uazgun 3.3

[
v

dwsunmneiay 4 Gulnaanfndedlussuuimgleesivineas 5 Jugesinusninesdosiv

Inanniuangds
A15797 3.4 wansnstmuaAnT e suosaglni [54]
n1518Lne3 A1SATUUAAN
ginlaein 3 A0
" gdauwnuang i LAILT

" duiuaudnananieuen

0.00799 a3

" A UATUNIUNTELER TS

0.164 Taviy

" Aautn LY

1.06-11 (Taviu)?
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(n) szuANNgIRazAIIvesagdwuuuwmileAvwenlylulusunsy PSCAD

Definition Canvas (TLine_1)
Segment Name: TLine1
Steady State Frequency2:50.01Hz]
Length of Line: 5.5

Number of Conductors: 3

DC Correction:

Travel Time Interpolation:

Curve Fitting Starting Frequency:

Curve Fitting End Frequency:

Total Number of Frequency Increments:
Maximum Order of Fitting for Yc:
Maximum Fitting Error for Yc:

Max. Order per Delay Grp. for Prop. Func.:
Maximum Fitting Error for Prop. Func.:

Passivity Checking:

Frequency Dependent (Phase) Model Options

On

100 [HZ]
1.0E6 [HZ]
1000

20

0.2 [%]

20

0.2 [%]
Disabled
Disabled

General Line Geometry Data Input

Tower: TLinel Tower Centre 0.0 [m]
. Conductors: SAC
P Connection
Circuit#|Cond. # Phasing # tomife(rfrcoemntre) (at tr.:(wer)
1 1 2.25 10.205
2 2 15 10.205
3 3 0.7 10.205

N
Mid-Span Sag:
1
1 for Conductors

227777777773

Resistivity: 109.9705 [ohm*m]
Aerial: Direct Numerical Integration
Underground: Direct Numerical Integration
Mutual: Analytical Approximation (LUCCA)

(V) a@nIAINISI TR DS UBINTWUIANEIlUlUSHASY PSCAD
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B Unive X |
|Conﬁguration j
= =

A= ‘
v General

Name TLinel

Total number of conductors 3

Ideal transposition of circuit{s) enabled

Grouping Mone

Shunt conductance 1.0E-11 [S/m]

Graphicof conductorsagis visible
v Tower/Conductor/Gi d Wire Pl t

Relative x-position of tower centre 0.0 [m]

General

Cancel

Help... I

(A)LENINTSTURNTIUIUAINvesawdslulUswnTU PSCAD

! Universal Tower x
.
&= LLE 3
“ Data Entry Configuration
Data entry method direct
Path to conductorlibrary file «eonducter.db
Conductor styleis solid core
+ Conductor Properties
Name SAC
Outer radius 0.00739
Inner radius 0.0 [m]
Total numb epof strands 19
Total' number of outer strands 12
Strand radius 0,003, [m]
DC resistance (entire conductar) 0,164
Relativepermeability 1.0
Sag {all conductors) 1
» Sub-Conductor Bundling
Total bundled sub-conductors i
Bundlecon i symmetrical
Sub-conducto 0.4572 [m}
Bundle graphic visible

Da I:Entrv—Conﬁgura I:io; EJ

(Quanan1sTuinAmIsIdmasvesansastulusknsy PSCAD

sUN 3.3 NsUSURINIsAmesvesasasnndalninlulusknsy PSCAD

v

3.2  NAN1531a095IAUAN luszuuIUglnia

WIBNANTUNLIITUANT LHNNNNTI1ADINTMINAANRAAALALAETUTHNTU PSCAD AILEAS

'
aaa v

Tun151997 3.5 Feaziiulaan wWeaRansanlnanninia

maslniihusnguiniian Janfeluand 4

ATNUINTVUINLTITUYAU 21.180171 Alalraduseien 3.87 Wosidusannusssulndalgeuy
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Unfl Geinunaainuunsg i nva.dvun (= 5% ussiulninaldonu) fegluyiesening 20.9

Alalan < v, < 23.1 dlalas Wenarsanaiuwseaulidilnandu nuindatwssaulniiniu
NAFAINNRFIUT Aa.Avue ogdlsAdlunisdiasdlalinismuidalwandu 70 wWesidud

WBMINaNIENUNNATUIINN15VEe TIAaTy AL ssiuliiAsInInaeinILLInIgIu

2995 AUA Aananslunns1en 3.6

M15199 3.5 Arnsdwesmsliiitlunsalidalvaniia (Jayaain nvin.)

AUl | seeene | sl | masivd | Anaslni | assualadin | wssdulaia | @
fms | 9nenndl | Using 39 SueAin Usznau
e | aluvie (MVA) (MW) (MVAT) (kA) (kv) A
(km)
E‘ZIIGUVI"EJ - 12.056369 | 11.222717 | 4.405301 | 0.302632 | 23.000000 0.93
I‘Viaﬂ‘ﬁl 1 55 0.797779 | 0.756839 | 0.252283 | 0.020716 | 22.234172 0.95
Iﬁ/iaﬂ‘ﬁl 2 10.0 4.172321 | 3.963506 | 1.303412 | 0.111218 | 21.659414 0.95
I‘mamﬁ 3 14.5 2.201191 | 2.088233 | 0.696078 | 0.059600 | 21.322818 0.95
Immﬁ 4 17.5 5.083834 | 4.833034 | 1.577069 | 0.138579 | 21.180171 0.95
I‘mamﬁ 5 20.0 2.525296 | 2.398248 | 0.790901 | 0.068733 | 21.211696 0.95
I‘Viaﬂ‘ﬁl 6 26.0 0.851084 | 0.809985 | 0.261283 | 0.022890 | 21.466278 0.95
Iﬁ/iaﬂ‘ﬁl 7 30.5 2.111198 | 2.002863 | 0.667605 | 0.056166 | 21.701815 0.95
I‘Viaﬂ‘ﬁl 8 83\5 2.699579 | 2.563768 | 0.845472 | 0.071066 | 21.931943 0.95
Immﬁ 9 37.5 0.179490 | 0.170280 | 0.056758 | 0.004632 | 22.372095 0.95
a133n
Tan 43.0 9.972121 | 9.271522 | 3.671797 | 0.250323 | 23.000000 0.93

' ¥
1 a

NS AUNNTULNAANANANMMIANTY AILAAININAITIN 3.6 WU Awsanuludves

winglvandiaanadluannsdilvannfndausiy eiasanaussuliinunueiinsgiuves
nna. Aviue sediiiedivand 1 lvanil 8 waglnandl 9 Wity AdussulwieunueiuInsgIu
TuruznlvanduilindsllAussdulniirmniunaeiidivue lnslanizegneds lnani 4 Fadu

aanfimaslnifrusinguiniige deussduanaifian windu 19.976321 Alalaan3edien

wsasulsiindosnin 10.16 Wesibudanseaunsesuliirlgauuns



A1519% 3.6 AnsamesnalWinlunsalfvuafinelvaslyd (fiy 70 Wasidus)

39

e | szegnnaann | maalaidn | Adalidn | dasleida | aszualeda | wsedulnsin )
fnsin | anndglevis | Usng ORN Sweaiv Usenau
A1 (km) (MVA) (MW) (MVAr) (kA) (kV) A8
aw.aﬂ,mﬁa - 19.957141 | 18.231398 8.118104 0.500967 23.000000 0.91
Iwamﬁ 1 55 1.327410 1.256596 0.427766 0.035294 21.714480 0.95
I‘Viaﬂﬁ 2 10 6.645902 6.312169 2.079551 0.184722 20.772055 0.95
Iwamﬁ 3 14.5 3414814 3.244181 1.065947 0.097526 20.215553 0.95
I‘Viaﬂﬁ q 17.5 7.857517 7.467798 2.443885 0.227084 19.976321 0.95
Iwamﬁ 5 20 3.907565 3.709320 1.228825 0.112614 20.033139 0.95
Imamﬁ 6 26 1.319319 1.256276 0.402955 0.037255 20.445737 0.95
Iwamﬁ 7 30.5 3.345650 3.173954 1.058011 0.092729 20.830806 0.95
Imamﬁ 8 335 4.348438 4.132595 1.352987 0.118357 21.210697 0.95
Iwamﬁ 9 37.5 0.285923 0.273939 0.081910 0.007500 21.943818 0.95
aAn.@195m
I 43 16.384823 | 15.014041 6.560565 0.411296 23.000000 0.91
an
23.50
23.10 High voltage boundary |
23.00 W ok Sl N A T ] e
2250 |\ ~
' \; &«
e -
_22.00 N ¢
= ¢ . - = e= LOw voltage
:%;21,50 ‘ e ° “ / boundary
£ \ ’ - 'R o= @ o Existing load
Sao0 | AN SIEAA O SiMe—
25(5)&)90 . P Low voltage boundary | === New load
[ ] < N
20.00 -~ — ' - High voltage
. boundary
19.50
STA 1 3 ° 5, 6 7 8 9 SWA
Autialvian
UM 3.4 nsluansransiSeuiiumvawsaiulniimng 9 Tnan

= a a a 1 [ av v o :.'/I
WeanansauUseuiisuatissnuluiiilaainnanisinaesisdsens

a a v

Annavadlvan

Aanansluguin 3.4 aziiulddn dumidvannfidymingaveswssdiunnazegluuinaunnaiives

aeds  Falasunansynutumusarunnegradiuladn aeuluinerinusiedaauaiuiminis

Ysuusslaymussiuaniintuly 2 wmalaun

1. fufuuszgluiuseiugs (High Voltage Capacitor)

2. nsesrdaluihuuunszane (Distributed Generator, DG)
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Uszglniuseiugs Inefiansansumisdadsiaiuuszqlniussiuguluasnsd aadl
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1) ARAIINILALINADARIUYNNENEES

¥
a v v o«

o Fasadunuusealniussiugaiuaigansds

o w

® FHafepuVUIANIRNARAI WA LaT o (1/2kVar)

[
Y

®  FRFINILIZTUZNING 2/3 UDIANUYNAIUET

(%
Y

2) Aesndruiszesszningantdlniiuluanings

(%
a v

o fassiniuUszglniuswiugenuaiganeds

v o w

® FafanuruInNIRnAMasWiatiau (1/2kVar)

[
a o

®  FARIRNNTTYZNI 2/3 UDIANNNYNIEIUAN

|
oAl

Fedmanlanauimsitaeslagldlusinsy PSCAD ialUsauisudusasiulnii
AoukavnasAndsluudaznsal Ine o198 unauguinsgiuawsswulniivesmislifiadiugiinieg

ANMUA (Grid connection code)

4.1 waidafaneanulssgiiiuswivgmasaainuedaeds

1
a v v o«

4.1.1 wallaAnassnnuuszylniussiugamuaneaieds

n1sUsulsauwsauantuszuudmielniannsdlvannfedduiiaguaemaiafng

[
LY [

Aaiulszglnfusesduganuauendaieds Falunisinaesiimuasuniinsafiiuysey

Irifuseiugeuun 1.5 wneans 31w 1 9 Bndaeaneds lngszegvinsainaniidealaiely

FaunisifassiaiulszglihAeszey L wiriu 43 Alawns duansgudl 4.1(n) wasgunis
Anssiaiuysealniussiugs dwanddugui 4.1) nedeyananaiavesdiiuusyalnin
wseruganldlussuudnaedlinisideude wuuanissoainsin Avuaniiawssaubni(v,,)

23 Alalad Aakandlun1s1en 4.1
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anilds dn1iisu
gluviy a7ssalan

___________

YA HV Cap = 1.5 !\/\Var/g'Hv dap 1
! .

(M) ununmdREuanusRaRs A UUsE AL saug

‘‘‘‘‘‘‘

Z 5 ; ’A";" vf,‘l - ,//
(@) uansnshnAsiunuyszglniusiuadlutaqiu

JUN 4.1 uansununnduingiiempiinfngadaniulserliihussiiuasivaneaness
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M1999 4.1 uansdyanvaluaznsUsuRsAvesiAuUsER Nl siugs

Fowrsfines drydnwal WANNIIVINGUY
1) frafiudszglni 1 : ° | w9 Arenszualaiy
W390uge (HV capacitor) T = _L i l Wil 8289197 TR Antanii
¥ ]

[MVAR F’ iUl duyy 90 esenluds

= Tnanuazanedsinlilvan lnatmes

a a = =
B Copaciive Lond | | Genszualwiliivgedusiuluia

EIEETT I - | | dwalveveusenuliigedu
R AR ]

~ General
Three Phase Load 1.5
Three Phase RMS Voltage 23.0 V]
Rated Frequency 50.0 [Hz]
Load Configuration Star

[

nsfmuaiidavesiuiulsyalihussiuaiildlunsiiasswesuniannsoagylacai

v W

o dfiaRanuUsyalniinseiugs 3 wngas wdu 2x1.5 wneas

v v ®

o fnpaiuUsaluihusadugs 4.5 lWngs whiiu 3x1.5 wnens

v v &

o finpsnuUszaluihusaiugs 6 wWngas Wi ax1.5 wnedns

Aav v &

o fnpsuuyszalnihusaiugs 9 wWngs wiriu 6x1.5 wnens

v v &

o finpsAuUsealuiusadiuge 10.5 wngns vy 7x1.5 wnens

Ay v &

o finpAuYsEalniusaiuge 12 1wnens wihiu 8x1.5 wnens

v v &

o diiaduAuysEaliiussAuas 135 WNedns Wi 9x1.5 wngis
dlefiansawailaainnisdrassluguil 4.2 (n) deduaindaidunuussyluiindrsyuy
! a a v du & [ I o ¥ a o o
wudRziianszuaduiendiiulszalnfiussiugenntunagyihmindenseualniumvilenin
= ) o 9 & °o g v l o
fiywakazanesivdussiuliinduygm 90 asr vilinasimveanszualniilualudeansy

v v 1 [ 1

de fnsinaretuiunszualniiundoiluaedsfidiamesavas dwalinssualnirsuiu

manameifiaedsdaanamaoaiauuameadstuuss il seglnihauluds

aonildumsuavdsnalinseualniiilvalddvandivaiu
wonanidliefasandwniweinsliiidug ildannissraesfuanmalunse

4.2 wuirArmaslwiusngueduanyivundaiudunaziddlniayde i tulussuy
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Smbelwihanandieadnios sewaidivihlinmsuesi madliihaieiaesao g
A
oghdlsfmunadildannsdassussiulnilunsdifuaslifinsfadsdauiulszlai
wssfugs fauandlusudl 4.2(0) wutussdulwi-luudaslnandanisd ufsadniosuas
wsaulniiiague Tnandi 2 aufls nandl 7 Sdliifulumunasiuinsgiues na.fua
desandumisiiAadafufiuuszgliiussdugeduiszosvinsnndunslnaningaanniali

ausareUTulsuswuaniaduldvsounuazlifinsiudsuwdasannsalldfinsfiasdaiu

Usgqlalihussiugs Wefinsanmafinesnszuauazussiulnihdauandlumsed 4.3
~__ Main: Graphs
S —
00 ""““&’l‘“l Hl|llllllHlH AN HH“HIIIHHH MU

PR | H!HHH'IHHHI llleHla‘M'HHUHH’IIHH
I
50 MU AU MU
-200 - L W
20050-'Ml Cl B VR A A NE oren B TR Y
z
Te 0200 0.250 0.300 0.350 0400 0.450 0.500 0.550 0.600 )

6l o

(n) wansnnnszuadusrluT ez ndIMsAUAnd IR AUU s iU g



44

23.50
e ~eD voTage bﬁ““_darz'
\ /
2250 w=}= Base case
\ /
\ == End of line (1.5 Mvar) /
s a
=< = == |ow voltage boundary /
$ 21.50 7
]
= \ == == High voltage boundary [ ]
- 20.90 B Z
90 "t - - - _._ U U ’fovv_vonag?bchaéry_
~ r
20.50
S X
| s
= - B
19.50
STA 1 2 3 8 9 SWA

AL 9
Auplalvan

(@) wansAwses Ul nsuveiazlvan

UM 4.2 uansdnseiawazussiulninvesusayivanaininatafinnanuangaeds

v
(K.Y 13

A15199 4.2 Arnasidmesuelidinefnn siain

1.5 Wwngns

uUsgg i ussduganUateanedsvuin

aaiinsde | szezunsan | dadaluin | mdslnin | mdsi | nssuali | wsedulviy
Awnsludy | aantiglavis | Using 99 Suannin
(km) (MVA) (MwW) (Mvar) (kA) (kv)
ﬁW.?jI“UﬁEJ - 19.935450 18.20488 8.124320 0.500524 23.000000
I‘mam‘ﬁ 1 5.5 1.327392 1.256613 0.427768 0.035297 21.714960
Wanii 2 10.0 6.647431 6.313621 2.080132 0.184743 20.774450
Wanil 3 14.5 3.416178 3.245477 1.066374 0.097545 20.219600
1‘1/16@‘17{ 4 17.5 7.860834 7.470905 2.445055 0.227131 19.981375
Wanil 5 20.0 3.908592 3.709383 1.228969 0.112623 20.034629
Wanil 6 26.0 1.320989 1.257962 0.402965 0.037261 20.446188
I‘mamﬁ' 7 30.5 3.368144 3.197758 1.058703 0.093364 20.838178
anil 8 335 4.349162 4.132677 1.353688 0.118383 21.218349
anil 9 37.5 0.286020 0.274136 0.082098 0.007501 21.944277
an.aassalan 43.0 15.891225 15.06455 5.058703 0.398905 23.000000
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v
a LY <

a ! U v v a (%
13199 4.3 LLﬁﬂ\‘]NamWﬂﬁ]@ﬂﬂ’]ﬂigLLﬁLLﬂSLLi\‘]@UIWﬁW@’JEJLVW’]UF’W]@G]ﬁmiLﬂUUi%ﬂﬂ’WLLiﬂ@u@jﬂ

NlawaudwuInl.5 Wwngas

Funtedi nszualnin wseaulnin
NIN3IAAN (kA) (kv)
No HV Cap | HV Cap Al No HV Cap HV Cap AV
aW.EjI‘UﬁEJ 0.500967 | 0.500524 | 0.000443 | 23.000000 | 23.000000 | 0.000000
a18ds STA-Load1 0.500967 | 0.500524 | 0.000443 | 21.714480 | 21.714960 | -0.000480
I‘Ma@ﬁ‘l‘ 1 0.035294 0.035297 | -0.000003 | 21.714480 | 21.714960 | -0.000480

awas Load1-Load2 0.465764 | 0.465033 | 0.000731 | 20.771381 | 20.774450 | -0.003069

Wanil 2 0.184722 | 0.184743 | -0.000021 | 20.771381 | 20.774450 | -0.003069

aeas Load2-Load3 0.281140 | 0.280410 | 0.000730 | 20.215553 | 20.219600 | -0.004047

Wanil 3 0.097526 | 0.097545 | -0.000019 | 20.215553 | 20.219600 | -0.004047

aeas Load3-Loadd 0.183682 | 0.182973 | 0.000709 | 19.977208 | 19.981375 | -0.004167

Wan 4 0.227084 | 0.227131 | -0.000047 | 19.977208 | 19.981375 | -0.004167

aeas Loadd-Load5 0.043326 | 0.047974 | -0.004648 | 20.033139 | 20.034629 | -0.001490

Wanil 5 0.112614 | 0.112623 | -0.000009 | 20.033139 | 20.034629 | -0.001490

aeas Load5-Load6é 0.155802 | 0.156445 | -0.000643 | 20.445737 | 20.446188 | -0.000451

Wanil 6 0.037255 | 0.037261 | -0.000006 | 20.445737 | 20.446188 | -0.000451

awas Load6-Load7 0.192959 | 0.193602 | -0.000643 | 20.830806 | 20.838178 | -0.007372

Wanil 7 0.092729 | 0.093364 | -0.000635 | 20.830806 | 20.838178 | -0.007372

awas Load7-Load8 0.286246 | 0.286883 | -0.000637 | 21.210697 | 21.218349 | -0.007652

Wanil 8 0.118357 | 0.118383 | -0.000026 | 21.210697 | 21.218349 | -0.007652

aeas Load8-Load9 0.404489 | 0.405121 | -0.000632 | 21.210697 | 21.218349 | -0.007652

Wanil 9 0.007500 | 0.007501 | -0.000001 | 21.943818 | 21.944277 | -0.000459
HV capacitor No.1 0.000000 | 0.037647 | -0.037647 | 0.000000 | 23.000000 | -23.000000
avl.arssalan 0.411296 | 0.398905 | 0.012391 | 23.000000 | 23.000000 | 0.000000

o s
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AN5199 4.4 LAMINARI9YDIANNTELALASLIIRUINTIMIEMATARAGIAINIUINNIRN ARSI kNN

wadlau (1/2kVar) 9u1nsiy 3 wngans

Funtedi nszualnin wseAulnen
n5inAn (kA) (kv)
No HV Cap | HV Cap Al No HV Cap HV Cap AV
E‘iW.?jISUﬁEJ 0.500967 | 0.498412 | 0.002928 23.000000 | 23.000000 | 0.000000
@18d9 STA-Load1 0.500967 | 0.498412 | 0.002928 21.714480 | 21.756642 | -0.042162
I‘mamﬁ' 1 0.035294 0.035353 | -0.000116 21.714480 21.751186 | -0.042162
@19d9 Load1-Load?2 0.465764 | 0.462708 | 0.003056 20.771381 20.843108 | -0.071727
I‘mamﬁ' 2 0.184722 0.185363 | -0.000618 20.771381 20.844184 | -0.070228
@989 Load2-Load3 0.281140 | 0.277515 | 0.003625 20.215553 | 20.311184 | -0.095631
I‘mamﬁ' 3 0.097526 0.098053 | -0.000457 20.215553 20.329070 | -0.094855
@183 Load3-Loadd 0.183682 | 0.179753 | 0.003929 19.977208 | 20.099532 | -0.122324
I‘mamﬁ' a4 0.227084 0.228614 | -0.001369 19.977208 20.111837 | -0.120448
a18ds Loadd-Load5 0.059326 | 0.058150 | 0.001176 20.033139 | 20.170322 | -0.137183
I‘mamﬁ' 5 0.112614 | 0.113458 | -0.000765 20.033139 20.183333 | -0.136254
HV capacitor No.2 0.000000 | 0.033212 | -0.033212 0.000000 20.287160 | -20.287160
I‘mamﬁ' 6 0.037255 0.037484 | -0.000204 20.445737 20.571342 | -0.111998
@198 Load6-Load7 0.192959 | 0.152967 | 0.039992 20.830806 | 20.015138 | 0.815668
I‘mamﬁ' 7 0.092729 0.093774 | -0.001025 20.830806 20.929514 | -0.085062
@183 Load7-Load8 0.286246 | 0.190303 | 0.095943 21.210697 | 20.915868 | 0.294829
I‘mamﬁ' 8 0.118357 0.118722 | -0.000381 21.210697 21.276110 | -0.069444
a18d3 Loads-Load9 0.404489 | 0.2832938 | 0.120551 21.210697 | 21.280141 | -0.069444
I‘mamﬁ' 9 0.007500 0.007512 | -0.000013 21.943818 21.980622 | -0.039788
HV capacitor No.1 0.000000 | 0.037646 | -0.037646 0.000000 23.000000 | -23.000000
avl.aissalan 0.411296 | 0.397692 | 0.013502 23.000000 | 23.000000 | 0.000000
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[

A1519% 4.5 WANIAINIIITLWBSINNN5INBRINENATARARIRNIUIANIRN AR A9l A LaTlou

(1/2kVar) vuU1A5 3 1NgNs

aaiinsdn | stezmnennn | Adelii | ddsli | ddslnin | nssualain | usedulwin
Amsludn | aantiglavis | Usang 39 Suaaiin
(km) (MVA) (MW) (MVAr) (kA) (kV)

EIW.ZjI“UﬁEJ - 19.924809 18.35178 7.759534 0.498412 23.000000
anil 1 55 1.331893 1.260839 0.429214 0.035353 21.751186
Wand 2 10 6.692135 6.35608 2.09402 0.185363 20.844184
anil 3 14.5 3.451911 3.279424 1.077529 0.098053 20.329070
Wand 4 17.5 7.954539 7.568782 2.447087 0.228614 20.111837
anil 5 20 3.966387 3.765144 1.247363 0.113458 20.183333
Wand 6 26 1.335578 1.271758 0.407921 0.037484 20.571342
anil 7 30.5 3.397749 3.225866 1.067000 0.093774 20.929514
Wani 8 335 4.374984 4.15812 1.360339 0.118722 21.276110
anil 9 375 0.286017 0.273955 0.082185 0.007512 21.980622
avl.arssalan 43 15.842907 15.19374 4.488658 0.397692 23.000000

4.1.3 MALARAAININTZEZNIG 2/3 VBIAUIIENYES
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AN 4.6 LAASHARIIYDIAINTLLALAS LI UINAAENATARAAININTZIZNIY 2/3 HADARINL

Y1EN9ET VUINTIW 4.5 LUnNENS

Auviiedi nszualnn wsIAU WA
MN1339A1 (kA) (kV)
No HV Cap HV Cap Al No HV Cap HV Cap AV
aW.EjIGUﬁEJ 0.500967 0.494022 | 0.006945 | 23.000000 | 23.000000 0.000000
@18d9 STA-Load1 0.500967 0.494022 0.006945 | 21.714480 21.817756 -0.103276
I‘mamﬁ 1 0.035294 0.035461 | -0.000167 | 21.714480 21.817756 -0.103276
@989 Loadl-Load2 0.465764 0.457145 0.008619 | 20.771381 20.971119 -0.199738
I‘mam‘ﬁ 2 0.184722 0.186479 | -0.001757 | 20.771381 20.969627 -0.198246
HV capacitor No.3 0.281140 0.034284 0.246856 | 20.215553 20.098428 0.117125
I‘mamﬁ 3 0.097526 0.098737 | -0.001211 | 20.215553 | 20.466805 -0.251252
@989 Load3-Load4 0.183682 0.181788 0.001894 19.977208 20.201324 -0.224116
I‘mamﬁ a4 0.227084 0.230091 | -0.003007 | 19.977208 20.241754 -0.264546
@989 Loadd-Load5 0.059326 0.048748 0.010578 | 20.033139 20.263096 -0.229957
I‘mam‘ﬁ 5 0.112614 0.114142 | -0.001528 | 20.033139 | 20.305084 -0.271945
HV capacitor No.2 0.000000 0.033844 | -0.033844 0.000000 20.673353 -20.673353
I‘mamﬁ 6 0.037255 0.037768 | -0.000513 | 20.445737 20.727441 -0.281704
@989 Load6-Load7 0.192959 0.189953 0.003006 | 20.830806 21.042365 -0.211559
I‘mam‘ﬁ 7 0.092729 0.094408 | -0.001679 | 20.830806 | 21.061012 -0.230206
@989 Load7-Loads 0.286246 0.283971 0.002275 | 21.210697 21.396699 -0.186002
I‘mam‘ﬁ 8 0.118357 0.119462 | -0.001105 | 21.210697 | 21.408897 -0.198200
HV capacitor No.1 0.000000 0.035908 | -0.035908 | 21.210697 21.983546 -0.772849
I‘mamﬁ 9 0.007500 0.007551 | -0.000051 | 21943818 | 22.095429 -0.151611
@889 Load9-SWA 0.411296 0.401198 0.010098 0.000000 22.095429 -22.095429
avl.gissalan 0.411296 0.401198 | 0.010098 | 23.000000 | 23.000000 0.000000
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A15197 4.7 LanIAINIIITRDIAINAITRDINIUNATARARINNIZEENIG 2/3 AADAAIINEIENY

A9 YUINTIN 4.5 NS

iviinsin | seezvneann | mdlwih | ddslidn | Aidsledn | nszualain | useduliid
Avnalii | aendalavis | Using SN Sweaiiv
(km) (MVA) (MW) (MVAr) (kA) (kV)
aW.’stGUﬁEJ - 19.680532 | 18.535002 6.616423 0.494022 23.000000
I‘mamﬁ 1 55 1.340068 1.268578 0.431847 0.035461 21.817756
I‘mamﬁ 2 10 6.772901 6.432787 2.119302 0.186479 20.969627
I‘Maﬂﬁl 3 14.5 3.500219 3.325319 1.092607 0.098737 20.466805
I‘Maﬂﬁl a4 17.5 8.067038 7.666881 2.509191 0.230091 20.241754
I‘wam‘ﬁ 5 20 4.014383 3.810705 1.262456 0.114142 20.305084
I‘wam‘ﬁ 6 26 1.355925 1.291133 0.414136 0.037768 20.727441
I‘Ma(ﬂ‘ﬁl 7 30.5 3.443884 3.269654 1.081525 0.094408 21.061012
I‘mamﬁ 8 335 4.429767 4.210187 1.377375 0.119462 21.408897
I‘wam‘ﬁ 9 37.5 0.289013 0.276824 0.083049 0.007551 22.095429
avl.aissalan 43 15.982583 | 15.369374 | 4.384668 0.401198 23.000000
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AMAUA nnn. Without HV | Uanedieds | 1/2kVar 2/3

(1.5Mvar) | (3 Mvar) | (4.5 MVar)
W1Anas usaaulndn (Rlalad)

ﬁm‘ﬁ&ﬂﬁuﬁﬂ 20.900000 23.000000 23.000000 | 23.000000 | 23.000000
I‘Vlaﬂ‘ﬁ 1 20.900000 21.714480 21.714960 | 21.751186 | 21.817756
Iﬁaﬂﬁl 2 20.900000 20.772055 20.774450 | 20.844184 | 20.969627
I‘Via@‘ﬁl 3 20.900000 20.215553 20.219600 | 20.329070 | 20.466805
I‘Viﬁ@‘ﬁ 4 20.900000 19.977208 19.981375 | 20.111837 | 20.241754
Iﬁaﬂﬁ 5 20.900000 20.033139 20.034629 | 20.183333 | 20.305084
I‘Via@‘ﬁl 6 20.900000 20.445737 20.446188 | 20.571342 | 20.727441
I‘Viﬁ@‘ﬁ 7 20.900000 20.830806 20.838178 | 20.929514 | 21.061012
Iﬁaﬂﬁl 8 20.900000 21.210697 21.218349 | 21.276110 | 21.408897
I‘Via@‘ﬁ 9 20.900000 21.943818 21.944277 | 21.980622 | 22.095429
gofanssalan | 20.900000 23.000000 23.000000 | 23.000000 | 23.000000
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Wwivimsin | szegmeann | hdalwih | Adsliid | dAadliit | nssualni | wssdulylin
Amnalid | aendalavie | Using 934 Fuondiv
(k) (MVA) (MW) (MVar) (kA) (kv)
ﬁW.?;IISUﬁ’EJ - 19.636776 19.156140 4.318015 0.492925 23.000000
I‘Viaﬂ‘ﬁ 1 5.5 1.358899 1.286412 0.437894 | 0.035710 | 21.970628
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I‘Viaﬂ‘ﬁ‘ 9 37.5 0.290803 0.278539 0.083561 0.007575 22.163874
an.aissalan 43 16.123260 | 15.784769 3.286423 | 0.404713 | 23.000000
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Wiviinsin | spogmenn | Mddluih | Aidslidin | Adelei | nseualni | ussduliin
Amndlid | aendalavis | Using SN Suaniiv
(k) (MVA) (MW) (MVAT) (kA) (kV)
ﬁW.QI‘UVTEJ - 19.703513 | 19.369046 3.615036 | 0.494600 | 23.000000
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an.aissalan 43 16.182250 15.935443 2.815487 0.406212 23.000000

¥
a v v &

M15197 4.12 LansAnsIiwefnnisiaswiematiafnnadaiusealnihussiugeing

s Y119 (8x1.511nE3)

Wiviinsin | spogmenn | dddlaih | sidslid | dadelai | nseualni | usssulaiin
Ameliiih | anndgledie | Using 934 Suaail
(km) (MVA) (Mw) (MVAr) (kA) (kv)
ﬁW.EjI“UﬁEJ . 19.806785 | 19.592594 | 2.904993 | 0.497193 | 23.000000
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aw.a733nlan 43 16.263173 | 16.093488 | 2.343167 | 0.408244 | 23.000000
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Main - Graphs
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23.5
23.1 High voltage boundary
23.0 -----——————____:; ----------------
— B -nsilitugu
- = YDULUALTIAU
22.5 o
- a= o YDULYALLIINU
= e = D367 1 (6MVA)
22.0 ~a
. —@— N3 2 (IMVAr)
= e 36171 3 (OMVAY)
& 21.5 e 360l 4 (12MVAY)
G
> -
21.0
209 =——=—=—- -gc-——=—-—=-—=-=---
N\
N ) e _ Low voltage boundary
20.5 N B Y WY Ve <
N A . A
.\ e “
-~
20.0 - - -
19.5
STA 1 2 3 4 5 6 7 8 9 SWA

[

UM 4.14 uaasrussiulnihsiunumaliafasannueuianaiidamaslniatou (1/2kVar)

v o w

A151997 4.14 LaRIAINIIITLRST LAAINN1TTIADIAUNATARAGIRILVUINNIRTAR S LT

wddlou (1/2kVar) 1uim 6 Lngans

wivhmsda | ssegmeann | Adslai | didslaih | drdslit | nssualwit | wssdulaiin
Awngliiy | aendlalavie | Using EEN Fueniin
(kmn) (MVA) (MW) (MVar) (kA) (kV)
ﬁW.EjI‘ZJﬁS - 19.504131 | 18.841000 | 5.042604 | 0.489595 | 23.000000
Tvandi 1 55 1.353454 1.281250 0.436160 | 0.035639 | 21.926467
Tviandl 2 10 6.903534 6.556863 2.160169 | 0.188268 | 21.170851
Tviandi 3 14.5 3.575131 3.396487 1.115992 | 0.099789 | 20.684649
Tviandl 4 17.5 8.253336 7.843938 2567137 | 0.232733 | 20.474146
Tvianil 5 20 4.095000 3.887232 1.287808 | 0.115283 | 20.507952
Tvianil 6 26 1.363327 1.298181 0.416397 | 0.037871 | 20.783939
Tvand 7 30.5 3.881913 3.727949 1.082424 | 0.094450 | 21.070161
Tvand 8 335 4.420831 4.201694 1.374595 | 0.119342 | 21.387294
Tvand 9 375 0.287647 0.275516 0.082653 | 0.007534 | 22.043142
au.a733mlan 43 16.308610 | 15.522079 | 5.003581 | 0.409383 | 23.000000
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AT1ed 4.15 udnsrinsimesannissiassdiemaiafndmuruaieifamdsiiieiiou
(1/2kvar) v 9 wingn$ (nandi 4)
Qmﬁv‘hmﬁmm syegn1991n | maakdn | ddslid | Adaludn | aszualdn | usedulnein
el anflgluis | Usng SN Fuaniu
(km) (MVA) (MW) (MVA) (kA) (kV)
anl glavi - 19.511418 | 19.258807 | 3.129501 | 0.489741 | 23.000000
Tvanil 1 55 1371924 | 1298931 | 0.441536 | 0.035905 | 22.060630
Tvanfi 2 10 7.031655 | 6.678539 | 2.200293 | 0.190004 | 21.366282
anil 3 14.5 3.639703 | 3.457833 | 1.136146 | 0.100686 | 20.870649
Wand 4 17.5 8422284 | 8004515 | 2.619658 | 0.235104 | 20.729975
anii 5 20 4.168957 | 3957441 | 1311053 | 0.116320 | 20.742431
Wanil 6 26 1.380031 | 1314087 | 0.421497 | 0.038102 | 20.910867
Wanil 7 30.5 3.478044 | 3.302095 | 1.092228 | 0.094875 | 21.165141
anil 8 33.5 4.453258 | 4.232505 | 1.384706 | 0.119778 | 21.465414
Wanil 9 37.5 0.288832 | 0.276651 | 0.082995 | 0.007549 | 22.088371
avl.anssalan a3 16.229734 | 15.626782 | 4.382688 | 0.407401 | 23.000000
A15199 4.16 LaneA TR INNIsIIABIemAdaRns s EIUAReAar S sl aTou
(1/2kVar) was33 9 wings (nandi 5)
ﬁ;mﬁﬁwmﬁm sveyn1991n | maddadn | maslid | Andeluda | nszualidn | wsesulvidin
Amndlid | aondalevie | - Using O Juaniin
(km) (MVA) (MW) (MVA) (kA) (kV)
avl.gluiy ¢ 19.408852 | 19.133112 | 3.259996 | 0.487197 | 23.000000
Tvanii 1 5.5 1.368993 | 1295947 | 0.441205 | 0.035842 | 22.052198
anii 2 10 7023084 | 6.670345 | 2.197772 | 0.189885 | 21.352782
Tvianil 3 14.5 3.635887 | 3.450215 | 1.130934 | 0.100632 | 20.859615
Tvanil 4 175 8.412236 | 7.994968 | 2.616525 | 0.234965 | 20.741619
Tviandi 5 20 4.180818 | 3.968672 | 1.314871 | 0.116487 | 20.792229
Tviandi 6 26 1383514 | 1317398 | 0.422580 | 0.038150 | 20.936985
vanil 7 30.5 3.482950 | 3.306751 | 1.093774 | 0.094942 | 21.180039
viandl 8 335 4.454983 | 4.234134 | 1385272 | 0.119801 | 21.469641
Tviandi 9 375 0.288882 | 0.276698 | 0.083011 | 0.007550 | 22.090406
an.anssalan 43 16.328633 | 15747180 | 4318633 | 0.409884 | 23.000000
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A15197 4.17 wansAnmnslinesiildannissiassiie maiadadanuauinisidamdslui

w@ilow (1/2kVar) 3uinsis 12 lwngns
@mﬁ'ﬁﬂmﬁm syegn1991n | maakdn | ddsliid | Adaluda | nszualddn | wsesulidin

Amndlid | aendalavis | Using SN Suaniiv
(km) (MVA) (MW) (MVAr) (kA) (kV)

avl gl - 18.748791 | 18.655191 | 1.871098 | 0.495620 | 23.000000
Tvianfi 1 55 1379935 | 1306315 | 0.444705 | 0.035985 | 22.139729
Tviandl 2 10 7.169096 | 6.809164 | 2.243040 | 0.191862 | 21.574891
Tviandi 3 14.5 3.750436 | 3.563045 | 1.170676 | 0.102207 | 21.185906
anil 4 175 8.685028 | 8.254172 | 2.701546 | 0.238737 | 21.002402
Tviandi 5 20 4.293173 | 4.083323 | 1.325823 | 0.118152 | 21.018300
Tvandi 6 26 1.411373 | 1343938 | 0.431050 | 0.038534 | 21.147333
Tvanil 7 30.5 3531570 | 3.352925 | 1.108999 | 0.095604 | 21.327648
Tvianfi 8 335 4.471223 | 4.246685 | 1399108 | 0.120403 | 21.577386
Tvandi 9 375 0290441 | 0.278193 | 0.083456 | 0.007571 | 22.149986
avl.anssalan a3 16349477 | 16.022125 | 3.255288 | 0.416916 | 23.000000

M13199 4.18 wanen1siUIeuisuaInn1sUsudsassulnih ddemadainninuauian siie
maalniflaiiou (1/2kvar)

vazLdYn Fuad Nyl NsEM L | nsaifi2 | nsdifi 3 | nydii 4
Andsdifu | Wugnu | (6 Mvan | (@ Mvan) | (9MVar) | (12 MVan)
Useq (km) | auedadiusaiuussalnwihusesugailiouiomn (Mvan)
G(]”]Lmﬁﬂﬁaﬂg?ﬂ, 8.75 -- 1.5 G 1.5 1.5x2
YPIAFAAUUTEY 10.0 -4 1.5 1.5 1.5x2 1.5x2
i, (Suuae) 17.5 - 15 1.5x2 15 1.5x2
20.0 -- 1.5 1.5 1.5x2 1.5x2
IR IR Aot - - 4 4 4 4
AUINRARITIY - - 6 9 9 12
usadulntihisge - 19.976141 | 20.474146 | 20.729975 | 20.741619 | 21.002402
% Tty - - 249% | 3.77% | 3.83% | 5.14%
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4.2.3 WANARAAIAINSZEE 2/3 VassTEznnesErdnsaaniideiuluaningf

Tutetimatiafaninuszey 2/3 vesszezniszninaaddsnivlnaningd lauaue

¥
[ 1Y

lagsunuafng 9id ulsza lnWwseduguvseanidunate sunuaainaunis

2
2n+1

1Y

X 14 MVar ilorvualy 14 MV ar Juanisslniiaiiowvesssuulnih dai

o Nl Anu1dl 1 Aad st uysea bW Iussiuas Launu 9y

2 6 & =1 1 6
—— X 14 MV ar = 9.33 wngns visadieguin 9un 6 x 1.5 Wngns
2(1)+1

o Nl AnyIN 2 Aad siaAudseylrWauseduge 26unue agla

2 6 & =) 1 6
—— X 14 MV ar = 5.6 wnzns v3oiigumin 9ua 8 x 1.5 N3
2(2)+1

® NSUANYIN 3 ﬁ@m"’m“uﬁuﬂimﬂﬂﬂﬂLLiam“uqq 3ALUUST Az le

2 L3 & = 1 6
——— X 14 MV ar = 4.0 wnzs wsaiisuwin 9u1a 9 x 1.5 wngns
2(3)+1

® NSUANYIN 4 G?@G]UQG]U?LﬁUUiSﬂqlWﬁﬂLLiﬁﬂUUQJ 4L Y Y 98he

2 L3 A = 1 6

m X 14 MVar = 3.1 wnz11s vseifiouwin vuin 8 x 1.5 wnzins

TAENAANSA LA L ULARE NS LALAAIIUAITINNA 4.19-4.22 LasI08719N15ANRINNNNATAT

lauanslugui 4.16 lngangui 4.16 azidudeg19lunsal AN 9 4 Gunue Algaunis

X 17.5 km 4@

2n
2n+1

. - 2 =
funuan 1 ———— X 17.5 km = 5.8 Alawss
2(4)+1

Fused 2 2NN X 17.5 km = 7.8 Alawns
2(4)+1
2(3)
2(4)+1
2(4)

fuvied 4 ——— X 17.5 km = 15.6 Alawns
2(4)+1

AU 3 X 17.5 km = 11.7 Alawes

ilssunsingsainaadsludalvaningalaun szeznig 5.8, 7.8, 11.7, uag 15.6
Alawns MUA1U WeRTIIUNLNINNIATLINTATLAAWIULSARAIRNUTUN 4.15

Turaziieauliefinsanluusaznsdfnwiaiusauansmginssuvasnszuadusenmiiulseg
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Infussfugaudngszuunazussdulainiiuasuludslugui 4.16(n) - 4.16(5) waggui 4.17

AUAIAU

aondlda nanil 4 aniisu

Tv Tv1

HVZCap.l HViCap.2  HViCap.3 HViCap.4
2/9 L i : i

a/oL
6/9L
8/9 L
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JUM 4.15 LU WEUAEIUARIILUAAAIRILTEEY 2/3 YaeszuenNTeninvanidaiulvan
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Main - Graphs
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2310 — B - n3diugy High voltage boundary,
FicKON -ttt b S St FSent s S S
- = e YDULUALLIINUY
225 -— = o‘UE)‘Ulﬂ‘JWLL'iﬂﬂu
= e = N300 1 (9 Mvar)
22,0 ¥ N3 2 (12 Mvar)
2 —@— 367 3 (13.5 Mvar)
%’ 215 \ *ﬂiiﬁ‘ﬁx 4-(12 Mvar)
3
= \
2090 A
' H N AR === " > I voltage boundary
A= ===
205 “ e
N\ P4
‘ -
20.0 ~g - -
19.5
STA 1 2 3 4 5 6 7 8 9 SWA
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JUN 4.17 uansdusaiulniiifedusuinadafaninussey 2/3 vedsvesnnseninannilds

Aulvaning

A1519% 4.19 KAAINISITLNDTIINNTINADIRANINNUTLEE 2/3 VBISLYLNISEWINsdnIRdany

Tyaningn 91U 1 FILALS UINTAN 9 LUNEINT e (6 X 1.5 mngns)

gafiimsdn | szegmean | dadsliih | ddslih | Adalid | nszudlsta | usediulviin
Al | aendaluie | Using OEN Fuandin
(km) (MVA) (MW) (MVAr) (kA) (kv)
ﬁW.%‘szUﬁE’J - 19.478190 | 19.201123 | 3.273633 0.488944 23.000000
Wanil 1 55 1.368560 1.295551 0.441027 0.035837 22.105273
vanfl 2 10 7.054412 6.700166 2.207374 0.190315 21.508333
andl 3 14.5 3.640680 3.458761 1.136453 0.100699 20.986548
andl 4 17.5 8.314565 7.902130 2586181 0.233595 20.648208
Wandi 5 20 4.106144 3.897811 1.291314 0.115440 20.623056
Tmam‘ﬂ' 6 26 1.366007 1.300733 0.417216 0.037909 20.866523
I‘VTaﬂﬁ 7 30.5 3.451727 3.277112 1.083953 0.094516 21.129109
I‘VTaﬂ‘ﬁ 8 335 4.425477 4.206110 1.376041 0.119405 21.431098
anil 9 37.5 0.287817 0.275679 0.082702 0.007536 22.067970
avl.arssalan 43 16.258140 | 15.492094 | 4.931761 0.408116 23.000000

22
v v &

lunsal@nwii 1 lavihnsindafinnsiunuusealiiussiugeuuin 1.5 wngans 9w

6 Yafiszezne 11.7 Alawnsanaandds naasuuansliiiuiussiuliiailvanluusazeddian
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Wndudlefipuiunsdiiugiuegrauiuladn duanslunisned 4.19 suluianssuaduseiifntu

@ al

MU3UN 4.17(n) uazwsaiuliiilugun 4.18 usegelsna Sulllvandt 4 nandl 5 uaglnani 6
alaiiunuinaeiinsg LT uYes na. Mewnilieaddludodinisinnsaniurufings
Tl Togvinnsiinsiuiady 2 dunis Jamaasuiawandlunisnad 4.20 waglugun 4.17(v)

A15199 4.20 LEAINISIHMDIINNNITINABIANRIANNTEEY 2/3 UBITLUEN19TENINa@nddny

Trandnge 41U 2 FIWNLS IUINIM 12 N3 1939 (8 x 1.5 lwnegind)

@mﬁﬁﬂmﬁm syoyy9n | Aadlii | masldi | Adeleida | nszualeida | wseduladi
Avnaliil | aendalavis | Using SEN Sweaiiv
(km) (MVA) (MW) (MVAr) (kA) (kV)
ﬁW.ZjIGUﬁEJ - 19.331350 | 19.235579 1.921870 0.485257 23.000000
I‘Viaﬂ‘ﬁl 1 5.5 1.381228 1.307543 0.445110 0.036002 22.224487
1‘1/1@9’1‘17‘]' 2 10 7.058559 6.704103 2.208677 0.190371 21.515192
I‘mam‘ﬁ 3 14.5 3.659952 3.477069 1.142470 0.100965 21.051571
I‘Mam‘?‘i a4 17.5 8.353344 7.938984 2.598246 0.234139 20.704652
I‘Viaﬂ‘ﬁl 5 20 4.123137 3.913941 1.296658 0.115679 20.673124
I‘mam‘ﬁ' 6 26 1.369974 1.304510 0.418427 0.037964 20.902152
I‘mam‘ﬁ 7 30.5 3.458724 3.283756 1.086149 0.094612 21.15435
I‘Viaﬂ‘ﬁl 8 88.3 4.431996 4.212306 1.378067 0.119493 21.44973
I‘mam‘ﬁ' 9 375 0.288047 0.275900 0.082768 0.007539 22.078422
avl.aissalan 43 16.265728 | 15.544168 4.790901 0.408306 23.000000

e sausenulniiluusaslvan veemns1an 4.20 uagsun 4.17(1) naANTINVOINIT

a 4

andiunuussgliididszuy asnudussduliilussiazinaniidniinduainnsdiiugiuway

(%
Y

NSARAYT 1 fums dananslugui 4.18 WeRarsananunaeiuinsgiunssnuliihasuled
lany 4 uaglvand 5 Gelaunueinnnigu Wemsesesiseudisulunsdlfinga 1
o 1 ! d" o a ¥ o [ d‘ a =
A wudn Wevhmsiassdnuussalniussiuamsees 7 uag 14 Alawns anaanillni
1 v & [ Aa 1 o 1 = € o
ds lngvuadunuusegliihussiuadmdansluusagdumiaziiaung 1.5 wWngns 3w 4 40
a o 3 V1 J LY a1 a X <@ v a & Y @ ! [ L a o
NMTAaRRzulad Awseiuliihdaiaduantes Faluansiiuinniswuaiumidiang
anusauiuassaulihliiuluan asiudslavihnsiusumialu 3 was 4 sumis Jeaagy
Y a o v dl' o ! a v v 2
nlananandlunisnei 4.21 uag 4.22 auaiau iensuriauazvuiaiiavesianuu el

WI9AUE Nanunsausulsalagmussiunntussuudmiegluiila



] a s o a a
f197199 4.21 LLAMINITIULERIINNNITINADIAAGNAACNNINTTEY 2/3 YDITeY

[ [
Y (Y

Aulyaninga 91U 3 FIWNLS IR 13.5 1NgIs 130 (9 x 1.5 WnNes)
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LN9TENINNEDNUE

iviinsin | seezvneann | mdlwih | ddslidn | Aidsledn | nszualain | useduliid
Avnalii | aendalavis | Using SN Sweaiiv
(km) (MVA) (MW) (MVAr) (kA) (kV)
al gl : 21517039 | 21.450770 | 1.687437 | 0540122 | 23.000000
I‘Maﬂ‘ﬁl 1 5.5 1.370017 1.296932 0.441492 0.035856 22.242708
I‘mam‘ﬁ 2 10 7.139707 6.781143 2.234171 0.191460 21.553466
I‘M’ﬁ(ﬂ‘ﬁ 3 14.5 3.846523 3.654492 1.200179 0.103510 21.045229
I‘mamﬁ a4 17.5 8.743965 8.310239 2.719714 0.239551 20.713335
Imam‘f/’i 5 20 4.297146 4.079124 1.351374 0.118094 20.680785
I‘Ma@‘ﬁl 6 26 1.412876 1.345363 0.431530 0.038554 20.907504
Iuamﬁ 7 30.5 3.538489 3.359485 1.111200 0.095697 21.158068
I‘wamﬁ 8 335 4.509826 4.286277 1.402271 0.120538 21.452427
Iwamﬁ 9 37.5 0.290962 0.278691 0.083606 0.007577 22.079906
av.assalan 43 14.594004 | 14.023144 4.041831 0.366342 23.000000

A15199 4.22 LEAINIIELARIAINAITINAIATARARINNLTEEY 2/3 VBI5LENNTENIEnNT

deiuluanings 911U 4 FIUWALE IUNIIW 12 N3 w39 (8 x 1.5 1ingnnd)

iviinsin | seegyneann | mddlwih |oiddlwi | Aadlaitd | naszualain | useduliidn
Amelndn | aandaleris | Using 939 waAvivl
(km) (MVA) (MW) (MVAr) (kA) (kv)
ﬁW.ZjIGUﬁEJ N 19.414671 | 19.414650 | -0.028271 0.487356 23.000000
ani 1 55 1.387004 1.313008 0.446978 0.036078 22.092059
Wanil 2 10 7.112824 6.755622 2.225723 0.191100 21.596580
Wanil 3 14.5 3.681733 3.497765 1.149261 0.101265 21.296234
andl 4 17.5 8.423506 8.005664 2.620075 0.235121 20.941049
anil 5 20 4.153949 3.943204 1.306305 0.116110 20.907950
1‘1/1?39117‘1' 6 26 1.377193 1.311386 0.420627 0.038063 21.067372
Tvand 7 30.5 3.471414 | 3295800 | 1.090145 0.094876 21.280094
1‘1/1?39117‘1' 8 335 4.444137 4.223840 1.381857 0.119653 21.548432
anfl 9 37.5 0.288477 0.276312 0.082891 0.007554 22.138075
avl.arssalan 43 16.252239 | 15.603099 | 4.547369 0.407968 23.000000
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[
LYY <
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A15199 4.23 1WUSsURgUALSIPUINANM8mMATARARIAINTEEE 2/3 VDI5EUENINTENINEDIRAS

Aulnaning
easiden | M et A3eIT 1 N3 2 56 3 N5 4
Padasa | dugnu | O Mvar) | (12 Mvan) | (135 Mvar) | (12 MVar)
Wiudsey (6x1.5) (8x1.5) (9x1.5) (8x1.5)
(nyL.) Adnamad Ui sE i ussiugeildasiogn
warfinaldifionissass (wneans)
Fuvitiai 3.8 - - - - 3.11(1.5x2)
fasa, W19 5.0 - = - 4.0(1.5x3) --
Frulseq 7.0 ’ = 5.6 (1.5x4) ~ ~
Tl ez 78 —~ \ - - 3.11(1.5x2)
WAl 10.0 - 3 - 4.0(1.5x3) -
INAI 11.7 - 9.33(1.5x6) { - 3.11(1.5x2)
(Fruypn) 14.0 E / 5.6(1.5x4) = -
15.0 = -- P 4.0(1.5x3) --
15.6 - - -~ = 3.11(1.5x2)
Fwmafi
Andanavan - - 1 2 3 4
(3n)
YUINTI
2 9 12 13.5 12
- \ \ (6x15) | (Bx15) | (9x15) | (8x15)
(lNE33)
wsesulniln
ﬁiua@&?’]qm -- 19.976141 | 20.648208 | 20.704652 | 20.713333 | 20.941049
% VB
wsamulain - - 3.36% 3.65% 3.69% 4.82%

¥
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lLilafnag

nilvan 1/2kVAr 2/3
Aaudszg | (12 MVAr) | (12 MVAr) | (12 MVAD)
ALAULIAAN 6 AINAUL | 4 AU | 4 A
wssauluia (Alalaas)
amﬁeﬂmﬁa 23.000000 | 23.000000 | 23.000000 | 23.000000
1 21.714480 | 22.062975 | 22.139729 | 22.092059
2 20.772055 21.431136 21.574891 21.596580
3 20.215553 | 21.127213 | 21.185906 | 21.296234
4 19.976141 21.001285 | 21.002402 | 20.941049
5 20.033139 | 21.040968 | 21.018300 | 20.907950
6 20.445737 21.305719 21.147333 21.067372
7 20.830806 | 21.502521 21.327648 | 21.280094
8 21.210697 21.707638 | 21.577386 21.548432
9 21.943818 | 22.224043 | 22.149986 | 22.138075
g@nfiaissalan | 23.000000 | 23.000000 | 23.000000 | 23.000000
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Voltage (kV)
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High-voltage boundary

== == [ Oow voltage boundary
—— N5l Y

anndlda (2 Mw)
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== = High voltage boundary
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\ |
I N B L e - -
R S Low.voltage boundary
P w
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\ .$—¥
1 2 3 4 ) 6 7 8 9
Audlian

SWA

JUN 5.3 uansaussiuliihnuainmaliafiand 1/2 naanninugldangds

AN5199 5.3 LanHaA1wsaeULNHNAlea1nNSARAY 1/2 sasnanuelanyds Ana 2 wneIne

WITAADS FuRnR

nsditugiu | senfide | aniidu 1/2 Line
ussaulnd (Alalian)

amﬁq‘[mﬁa 23.000000 | 23.000000 | 23.000000 | 23.000000
I‘wamﬁ 1 21.705532 | 21.705324 | 21.705361 21.908088
I‘wamﬁ 2 20.766570 | 20.766567 | 20.766642 | 21.138453
Iwamﬁ 3 20.213322 | 20.213380 | 20.213555 | 20.761723
I‘wamﬁ 4 19.967074 | 19.967146 | 19.967360 | 20.639817
I‘wamﬁ 5 20.017326 | 20.017389 | 20.017638 | 20.798338
Iwamﬁ 6 20.433511 | 20.433512 | 20.433847 | 21.099504
I‘Maﬂ‘ﬁ' 7 20.821111 | 20.821148 | 20.821548 | 21.300304
I‘Maﬂ‘ﬁl 8 21.203214 | 21.203040 | 21.203488 | 21.563076
I‘Via@‘ﬁ 9 21.939189 | 21.939206 | 21.939720 | 22.146445
goianssalan | 23.000000 | 23.000000 | 23.000000 | 23.000000
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() uuamiduAealulusinsy PSCAD

JUN 5.4 urunmdufeanansiundsasaailialiiiuunsgaiesng o

AN5199 5.4 AwsasulninaInnisingaesasnialiiwuunszaenng 2 wnging

6

FusisAnne MunitAnraalasruialniiuuunszane
st v, | Augou | 1/3 line | 1/2 line | 2/3 line | ntilvian
(2 MW) (2 MW) 2MwW) | (2 MW)

wsaaulnia (Alalian)

amﬁqimﬁa 20.900000 {23.000000 | 23.000000 | 23.000000 | 23.000000 | 23.000000
Iwamﬁl 20.900000 |21.705532121.997525|21.908088 |21.856693(21.969593
I‘Viafﬂ‘ﬁl 2 20.900000 |20.766570|21.283246|21.138453(21.025465|21.212344
I‘Via(ﬂ‘ﬁl 3 20.900000 [20.213322120.941498|20.761723|20.583931 (20.891448
Iﬁ/ia@‘ﬁl 4 20.900000 [19.967074120.612291120.639817 |20.431458|20.806448
I‘wam‘ﬁl 5 20.900000 [20.017326]20.590723|20.798338 | 20.557840 | 20.770453
Iﬂ/iﬁ@‘ﬁl 6 20.900000 [20.433511120.845971121.099504 |21.163699 | 20.976033
Imamﬁ 7 20.900000 [20.821111{21.122818121.300304 |21.447891|21.216826
I‘wam‘ﬁl 8 20.900000 [21.203214121.436168|21.563076|21.682692|21.506962
Iﬁ/ia(ﬂ‘ﬁl 9 20.900000 [21.939189 (22.074774|22.146445|22.215889 |22.114614
aofanssalan| 20.900000 |23.000000 | 23.000000 | 23.000000 | 23.000000 | 23.000000
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A15199 5.5 WSsuieuALsItulina1nAnnve AR WEA TN LUUNTZNNELAUL 1/2 AADAAMUEIEIEES IUIA 2 D9 8 LN

[

Y]

A

YUINVDY wsaaulwia (Alalan)
1309 . . . . . . . . .
i STA an 1 | Wwaaf 2 | vian®l 3 | Wwaan 4 | Tvaan 5 | waadl 6 | lwaaf 7 | 1van®l 8 | uaa# 9 SWA
ﬂiiﬁ‘ﬁuiﬂu 23.000000 | 21.705532 | 20.766570 | 20.213322 | 19.967074 | 20.017326 | 20.433511 | 20.821111 | 21.203214 | 21.939189 | 23.000000
2 MW 23.000000 | 21.908088 | 21.138453 | 20.761723 | 20.639817 | 20.798338 | 21.099504 | 21.300304 | 21.563076 | 22.146445 | 23.000000
3 MW 23.000000 | 21.974048 | 21.293040 | 21.025706 | 21.006142 | 21.222554 | 21.392216 | 21.504872 | 21.748671 | 22.239908 | 23.000000
4 MW 23.000000 | 22.107511 | 21.482672 | 21.272889 | 21.265034 | 21.525231 | 21.713015 | 21.746262 | 21.901710 | 22.342198 | 23.000000
5 MW 23.000000 | 22.184035 | 21.632193 | 21.489586 | 21.586236 | 21.854500 | 21.990732 | 21.959655 | 22.061591 | 22.433231 | 23.000000
6 MW 23.000000 | 22.281338 | 21.807338 | 21.751126 | 21.856676 | 22.217459 | 22.299483 | 22.176007 | 22.216389 | 22.524413 | 23.000000
7 MW 23.000000 | 22.333308 | 21.990926 | 21.964674 | 22.105478 | 22.554267 | 22.567886 | 22.367582 | 22.380118 | 22.614138 | 23.000000
8 MW 23.000000 | 22.441116 | 22.105417 | 22.191798 | 22.397389 | 22.855555 | 22.834169 | 22.547406 | 22.504952 | 22.688590 | 23.000000
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AN5719% 5.6 WSsuisuawsnulinanfinevesasaatidaliiluunssate Nt 1/3 #asnrnuelangdwunn 2 09 8 wnedn
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A

w5l (Alalaan)

YUIAVBY , , : : : : : : :
i .. an1il Wann 1 | Wwaaf 2 | Waa 3 | Wwaan 4 | Waan 5 | vaan 6 | Waan 7 | vaaf 8 | 1uaan 9 an1il
HASBINLIN y
luvie d133nlan
ﬂsiﬁﬁugm 23.000000 | 21.705532 | 20.766570 | 20.213322 | 19.967074 | 20.017326 | 20.433511 | 20.821111 | 21.203214 | 21.939189 | 23.000000
2 MW 23.000000 | 21.997525 | 21.283246 | 20.941498 | 20.612291 | 20.590723 | 20.845971 | 21.122818 | 21.436168 | 22.074774 | 23.000000
3 MW 23.000000 | 22.243162 | 21.601103 | 21.325594 | 20.953509 | 20.910297 | 21.068492 | 21.277886 | 21.555149 | 22.142401 | 23.000000
a MW 23.000000 | 22.262637 | 21.772240 | 21.646682 | 21.224307 | 21.141659 | 21.244029 | 21.407763 | 21.651951 | 22.196875 | 23.000000
5 MW 23.000000 | 22.385927 | 22.000211 | 21.975565 | 21.513305 | 21.401235 | 21.431827 | 21.543492 | 21.753369 | 22.254620 | 23.000000
6 MW 23.000000 | 22.509217 | 22.228182 | 22.304447 | 21.802303 | 21.660811 | 21.619624 | 21.679221 | 21.854786 | 22.312365 | 23.000000
7 MW 23.000000 | 22.622718 | 22.444334 | 22.618508 | 22.075857 | 21.897164 | 21.795487 | 21.804012 | 21.948651 | 22.367338 | 23.000000
8 MW 23.000000 | 22.736219 | 22.660486 | 22.932569 | 22.349410 | 22.133517 | 21.971349 | 21.928803 | 22.042515 | 22.422310 | 23.000000
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AN519% 5.7 wWsusuaussnulainannfinevesasaaiidaliidluunssateNawnu 2/3 sasnenueniangds Ann 2 09 8 wnedn

[

A

AUAUDY ussaulndn lalaan)

wF0ariiin STA Wanfi 1 | Wwandi 2 | Wanii 3 | Wwanfi4 | Wanfi 5 | wanii6 | Wanfi 7 | wandi s | Tnandi 9 SWA

ﬂsﬁﬁugm 23.000000 | 21.705532 | 20.766570 | 20.213322 | 19.967074 | 20.017326 | 20.433511 | 20.821111 | 21.203214 | 21.939189 | 23.000000
2 MW 23.000000 | 21.856693 | 21.025465 | 20.583931 | 20.431458 | 20.557840 | 21.163699 | 21.447891 | 21.682692 | 22.215889 | 23.000000
3 MW 23.000000 | 21.922500 | 21.146026 | 20.764053 | 20.651058 | 20.812260 | 21.511424 | 21.746710 | 21.904081 | 22.344307 | 23.000000
4 MW 23.000000 | 21.988307 | 21.266587 | 20.944174 | 20.870658 | 21.066679 | 21.859149 | 22.045529 | 22.125470 | 22.472724 | 23.000000
5 MW 23.000000 | 22.048894 | 21.379451 | 21.111850 | 21.079686 | 21.304930 | 22.184706 | 22.322465 | 22.334229 | 22.593315 | 23.000000
6 MW 23.000000 | 22.109481 | 21.492315 | 21.279525 | 21.288714 | 21.543181 | 22.510262 | 22.599400 | 22.542988 | 22.713905 | 23.000000
7 MW 23.000000 | 22.164528 | 21.595245 | 21.438334 | 21.481666 | 21.771878 | 22.812400 | 22.860124 | 22.742844 | 22.825727 | 23.000000
8 MW 23.000000 | 22.219574 | 21.698174 | 21.597143 | 21.674618 | 22.000575 | 23.114537 | 23.120848 | 22.942699 | 22.937549 | 23.000000
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5.2.5 Usuinaadasndinlninuuunszarglunsaifnnsiaiuidartnlvaningn

WeRnauasosnndaliiwuunszaefisundsninlvanings Jeidelvandl 4 Nszeznis

17.5 Alawmsananiilds andeyalunsnad 5.4 aznulain dedidaaiesindalniuuunsyais 2

wnzdngd luanunsausulsauseiulniirvedlnaningala dauluimdeldsldiinisusu Adavuin 3
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A15719% 5.8 Wsusuawsnulninanninevesasaetidalidiuunssatenawndstnluan Ane 2 89 8 wneing

Single DG wssaulnin Rlalaad)

Capacity STA Wanfi 1 | Wwandi 2 | Waafi3 | Wwanfid | aafis | wandi 6 | Wanfi 7 | wendi 8 | Twandi 9 SWA

Without DG | 23.000000 | 21.705532 | 20.766570 | 20.213322 | 19.967074 | 20.017326 | 20.433511 | 20.821111 | 21.203214 | 21.939189 | 23.000000
2 MW 23.000000 | 21.969593 | 21.212344 | 20.891448 | 20.806448 | 20.770453 | 20.976033 | 21.216826 | 21.506962 | 22.114614 | 23.000000
3 MW 23.000000 | 22.088074 | 21.442059 | 21.218684 | 21.208513 | 21.126826 | 21.233732 | 21.401707 | 21.645941 | 22.194086 | 23.000000
4 MW 23.000000 | 22.206555 | 21.671773 | 21.545920 | 21.610578 | 21.483199 | 21.491431 | 21.586587 | 21.784920 | 22.273557 | 23.000000
5 MW 23.000000 | 22.298336 | 21.846010 | 21.810659 | 21.939453 | 21.774911 | 21.698493 | 21.733022 | 21.903680 | 22.334250 | 23.000000
6 MW 23.000000 | 22.390117 | 22.020246 | 22.075398 | 22.268327 | 22.066622 | 21.905554 | 21.879456 | 22.022439 | 22.394943 | 23.000000
7 MW 23.000000 | 22.512359 | 22.242792 | 22.400369 | 22.664313 | 22.420771 | 22.165570 | 22.067890 | 22.155050 | 22.477680 | 23.000000
8 MW 23.000000 | 22.634601 | 22.465338 | 22.725339 | 23.060299 | 22.774920 | 22.425585 | 22.256323 | 22.287660 | 22.560416 | 23.000000

66
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1nvite 5.2.2 s 5.2.5 ansoasaussiuliinluldagdumisiauandumsei 5.9
definnsaniidaveanissiudaliiuuunszarsviandsnuan wuinduniseaiosiuie
Iuuunszans deglnalnaningadeadiufide Tumenduiu duvisvesindeafdalui
wuunsza1ed seglndlnaningnd samnsoifiuussdulainAlnanld andeagud Seld
waauAslunsRsuwisianddymussiusnunfianifiormuamszesfndaindes
Andalviwuunszanelng Tnewdseanidu 2 da ledun druvesszezseninvaaddeiulunen

Ingeuazdinveszezssinvanisuiulnanings Jeazlainausluidednaly

A15197 5.9 man1silssuiiisuarnssaulnivesesissiulialvWinluunszaefidaig 9

fumisinas | et anln. | Nugiu | 1/3 line | 1/2 ine | 2/3 line | wilnan
GMwW) | - BMW) | GMW) | (3 MW)

W1 dnes Auseaulnia Alalaad)
amﬁqhﬁa 20.900000 | 23.000000 | 23.000000 | 23.000000 | 23.000000 | 23.000000
1vian 1 20.900000 |21.705532|22.243162|22.103087 | 22.048894 | 22.088074
1an 2 20.900000 {20.766570(21.601103|21.484344|21.379451 | 21.442059
lvian 3 20.900000 |20.213322|21.325594 | 21.276517{21.111850(21.218684
1vian 4 20.900000 [19.967074120.953509|21.283166 |21.079686|21.208513
1vian 5 20.900000 |20.017326(20.910297|21.551956 | 21.304930 | 21.126826
1vian 6 20.900000 |20.433511{21.068492|21.732852(22.184706|21.233732
1ian 7 20.900000 |20.821111|21.277886|21.756897 | 22.322465|21.401707
lvian 8 20.900000 |21.203214{21.555149(21.903494 | 22.334229|21.645941
1viam 9 20.900000 |21.939189 |22.142401|22.339681 | 22.593315 | 22.194086
an1fanssalan| 20.900000 |23.000000 |23.000000 | 23.000000 | 23.000000 | 23.000000
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1891 dumisiidadaudavinliinaningrannsasiuinusinasgiuussiulid fo szos 2/3
sginanidatulnaningn weilidesarnitunsdifndseylndluaningAuannirdnaos
funs Fesumisoglnanninasingadeussiulaifiututiosnd Aeilwandiiiiuinstumis
fifada Suansznuussduussiuliluusiasivan itelfaunsauiulsmssdiulii Soihnns
Fraesfemaiiufidavesaiesindalnihszning 4 f1 8 wnednd Tuudazsunus §awadils

nMsdaewsnandlusuil 1512 e U7 15.14 wagasadt 511 fa m13797l 513

(% [

A1519% 5.10 Han1sdnasausanuliifiensseninsaniddaniulnanings fidn 3 wnging

AU nna. Without DG 1/3 1/2 2/3
WAL993 usaaulnia (Rlalan)
amﬁqisuﬁa 20.900000 23.000000 23.000000 | 23.000000 | 23.000000
1‘1/1?1@‘17‘1' 1 20.900000 21.705532 22.485560 | 22.358476 | 22.225204
1‘1/1@61‘171' 2 20.900000 20.766570 21.420324 | 21.752342 | 21.573269
I‘M’dﬂ‘ﬁl 3 20.900000 20.213322 20.752254 | 21.038692 | 21.324445
1‘1/1?1@‘17‘1' 4 20.900000 19.967074 20.445909 | 20.697365 | 20.946082
1‘1/1@91'17‘1' 5 20.900000 20.017326 20.444628 | 20.662985 | 20.892433
I‘Mﬁﬂ‘ﬁl 6 20.900000 20.433511 20.740482 | 20.902333 | 21.065019
Iﬁaﬂﬁl 7 20.900000 20.821111 21.048724 | 21.160690 | 21.277753
1‘1/1@91'17‘1' 8 20.900000 21.203214 21.373810 | 21.457843 | 21.545951
I‘Mﬁﬂ‘ﬁl 9 20.900000 21.939189 22.037188 | 22.085381 22.136054
aoianssalan | 20.900000 23.000000 23.000000 | 23.000000 | 23.000000
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W= Base case

23.20 High voltage boundary
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A1579% 5.11 Awsaaulninannsia

[
Y

N

sy 1/3 sgninsannddaiulvanings finm 2 89 8 wn

[y

Y]

Single DG wssaulnia (Alalaas)

Capacity STA Wanfi 1 | wandi2 | Waafiz | Wwanfid | Wwaafis | veadi 6 | Waafi 7 | wandis | anfi 9 SWA

Without DG | 23.000000 | 21.705532 | 20.766570 | 20.213322 | 19.967074 | 20.017326 | 20.433511 | 20.821111 | 21.203214 | 21.939189 | 23.000000
2 MW 23.000000 | 22.118597 | 21.109611 | 20.492805 | 20.219817 | 20.242909 | 20.594939 | 20.944309 | 21.295502 | 21.992711 | 23.000000
3 MW 23.000000 | 22.311982 | 21.273381 | 20.629667 | 20.339252 | 20.349760 | 20.672568 | 21.000312 | 21.337732 | 22.016872 | 23.000000
4 MW 23.000000 | 22.505366 | 21.437151 | 20.766529 | 20.458687 | 20.456610 | 20.750197 | 21.056315 | 21.379962 | 22.041032 | 23.000000
5 MW 23.000000 | 22.692795 | 21.595536 | 20.898810 | 20.574585 | 20.559927 | 20.825240 | 21.110310 | 21.420576 | 22.064329 | 23.000000
6 MW 23.000000 | 22.880223 | 21.753921 | 21.031090 | 20.690483 | 20.663244 | 20.900282 | 21.164305 | 21.461190 | 22.087625 | 23.000000
7 MW 23.000000 | 23.060984 | 21.906805 | 21.158747 | 20.802132 | 20.762735 | 20.972543 | 21.216343 | 21.500364 | 22.110112 | 23.000000
8 MW 23.000000 | 23.241744 | 22.059689 | 21.286403 | 20.913781 | 20.862225 | 21.044804 | 21.268381 | 21.539538 | 22.132599 | 23.000000
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A15719% 5.12 Awsaaulninannsia

[
Y

N

e 1/2 szrinvanddsiulvanings Wde 2 89 8 1N

[y

Y]

Single DG wssaulnia (Alalaas)

Capacity STA Wanfi 1 | wandi2 | Waafiz | Wwanfid | Wwaafis | veadi 6 | Waafi 7 | wandis | anfi 9 SWA

Without DG | 23.000000 | 21.705532 | 20.766570 | 20.213322 | 19.967074 | 20.017326 | 20.433511 | 20.821111 | 21.203214 | 21.939189 | 23.000000
2 MW 23.000000 | 22.095263 | 21.291038 | 20.644876 | 20.350389 | 20.359793 | 20.679878 | 21.003159 | 21.339141 | 22.018432 | 23.000000
3 MW 23.000000 | 22.239525 | 21.539346 | 20.851829 | 20.550390 | 20.551415 | 20.797602 | 21.087776 | 21.402655 | 22.054762 | 23.000000
4 MW 23.000000 | 22.383787 | 21.787654 | 21.058781 | 20.750391 | 20.743036 | 20.915325 | 21.172392 | 21.466169 | 22.091092 | 23.000000
5 MW 23.000000 | 22.539057 | 22.020929 | 21.256614 | 20.899931 | 20.864565 | 21.029080 | 21.252066 | 21.527609 | 22.126341 | 23.000000
6 MW 23.000000 | 22.694326 | 22.254203 | 21.454446 | 21.049470 | 20.986093 | 21.142835 | 21.331739 | 21.589048 | 22.161589 | 23.000000
7 MW 23.000000 | 22.839630 | 22.479553 | 21.635169 | 21.220786 | 21.138504 | 21.245157 | 21.410011 | 21.646201 | 22.194370 | 23.000000
8 MW 23.000000 | 22.984934 | 22.704902 | 21.815891 | 21.392102 | 21.290915 | 21.347478 | 21.488283 | 21.703353 | 22.227150 | 23.000000
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A1519% 5.13 Awsaaulninannsia

N

[y

sy 2/3 seninsantdaiulvanings Ainn 2 89 8 wnzing

Single DG wssaulnia (Alalaas)

Capacity STA Wanfi 1 | wandi 2 | Waafiz | Wwanfid | Waafis | weadi 6 | Wanfi 7 | wendi s | wanfi 9 SWA

Without DG | 23.000000 | 21.705532 | 20.766570 | 20.213322 | 19.967074 | 20.017326 | 20.433511 | 20.821111 | 21.203214 | 21.939189 | 23.000000
2 MW 23.000000 | 22.149727 | 21.566271 | 21.043991 | 20.701090 | 20.674116 | 20.905291 | 21.161721 | 21.459866 | 22.086508 | 23.000000
3 MW 23.000000 | 22.225204 | 21.573269 | 21.324445 | 20.946082 | 20.892433 | 21.065019 | 21.277753 | 21.545951 | 22.136054 | 23.000000
4 MW 23.000000 | 22.374290 | 21.980153 | 21.477458 | 21.079344 | 21.011442 | 21.152405 | 21.342325 | 21.593748 | 22.163790 | 23.000000
5 MW 23.000000 | 22.453377 | 22.127036 | 21.630471 | 21.212607 | 21.130452 | 21.239790 | 21.406896 | 21.641545 | 22.191525 | 23.000000
6 MW 23.000000 | 22.591786 | 22.381718 | 21.901029 | 21.447735 | 21.339112 | 21.391828 | 21.514116 | 21.721451 | 22.238254 | 23.000000
7 MW 23.000000 | 22.724511 | 22.618074 | 22.154940 | 21.662035 | 21.534566 | 21.531810 | 21.615100 | 21.799531 | 22.283299 | 23.000000
8 MW 23.000000 | 22.857235 | 22.854429 | 22.408850 | 21.876334 | 21.730020 | 21.671792 | 21.716083 | 21.877610 | 22.328343 | 23.000000

801
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WeNasanau sl iliainnisdnaedauwanslilunisei 5.13 uag 59 5.16 9

3 1 a ! S A a 7 P o [y P
winledn duesszey 2/3 sewinsanisuiulnandngawintu Nanunsausulgaussiunnliniu
wnaugiEnnsgIuksaiuliives nln.dmun luvagndnassiuniassiulnivedvaningauay
TrantnafsslidunueinInsgIu atilleosnnssesieseninaesasniialninuunszaieiy
Traningnilszezranuindu dawalinussnuliihdaianasmuszeeienunndu aeiudslavin
nsusuitiawesestudalniuuunssaewasnaasulauanduguin 5.17 89 JUN 5.19 wagn1se

515 89 M15197 5.17

AN5199 5.14 ans1aUssuiisuasssulnitasaetndaludnuunszaie e 3 wneing

AU nua. Without DG 1/3 1/2 2/3
TRERETLE ussaulnidn (Alalaad)
amﬁqiﬁuﬁa 20.900000 23.000000 23.000000 | 23.000000 | 23.000000
Iwamﬁ 1 20.900000 21.705532 21.882017 | 21.929262 | 22.044738
Iwamﬁ' 2 20.900000 20.766570 21.073144 | 21.160343 | 21.307471
Iwamﬁ 3 20.900000 20.213322 20.659026 | 20.790060 | 20.994476
Iwamﬁ 4 20.900000 19.967074 20.523887 | 20.676767 | 20.942229
Iuamﬁ' 5 20.900000 20.017326 20.665313 | 20.851191 | 21.153709
I‘Ma@ﬁ 6 20.900000 20.433511 21.308351 | 21.039275 | 21.972595
Iwamﬁ n 20.900000 20.821111 21.879043 | 22.120871 | 21.943635
Iuam‘?’i 8 20.900000 21.203214 22381187 | 22.118350 | 22.035538
I‘Maﬂﬁ 9 20.900000 21.939189 22.615722 | 22.503547 | 22.417215
anflassalan 20.900000 23.000000 23.000000 | 23.000000 | 23.000000
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23.20 High voltage boundary
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23.20 High voltage boundary == Base case
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23.20 High voltage boundary =W Base case
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AN57199 5.15 Awsanuladnannnisin

£%
Y

2N

U 1/3 serinvanndsuiuluanings Ann 2 89 8 wnein

1Y

A

Single DG wssaulnia (Alalaas)

Capacity STA Wanfi 1 | wandi 2 | Waafiz | Wwanfid | Waafis | weadi 6 | Wanfi 7 | wendi s | wanfi 9 SWA

Without DG | 23.000000 | 21.705532 | 20.766570 | 20.213322 | 19.967074 | 20.017326 | 20.433511 | 20.821111 | 21.203214 | 21.939189 | 23.000000
2 MW 23.000000 | 21.806218 | 20.931957 | 20.448044 | 20.263529 | 20.361171 | 20.894027 | 21.380837 | 21.825081 | 22.297822 | 23.000000
3 MW 23.000000 | 21.847632 | 21.008286 | 20.561341 | 20.402453 | 20.522873 | 21.113595 | 21.644731 | 22.119357 | 22.467454 | 23.000000
4 MW 23.000000 | 21.889046 | 21.084615 | 20.674638 | 20.541377 | 20.684575 | 21.333163 | 21.908624 | 22.413633 | 22.637086 | 23.000000
5 MW 23.000000 | 21.928291 | 21.157153 | 20.782182 | 20.673190 | 20.838172 | 21.541690 | 22.159300 | 22.693749 | 22.798138 | 23.000000
6 MW 23.000000 | 21.967535 | 21.229691 | 20.889725 | 20.805002 | 20.991768 | 21.750217 | 22.409976 | 22.973865 | 22.959190 | 23.000000
7 MW 23.000000 | 22.004630 | 21.298221 | 20.991412 | 20.929477 | 21.137384 | 21.947218 | 22.647316 | 23.238358 | 23.111598 | 23.000000
8 MW 23.000000 | 22.041724 | 21.366750 | 21.093098 | 21.053951 | 21.282999 | 22.144219 | 22.884656 | 23.502851 | 23.264005 | 23.000000

vil



AN5199 5.16 AwsanuluinaInnisin

£%
Y

2N

1Y

ML 1/2 serinvanntisuiuluanings fdn 2 89 8 wneing

Single DG wssaulnia (Alalaas)

Capacity STA Wanfi 1 | wandi 2 | Waafiz | Wwanfid | Waafis | weadi 6 | Wanfi 7 | wendi s | wanfi 9 SWA

Without DG | 23.000000 | 21.705532 | 20.766570 | 20.213322 | 19.967074 | 20.017326 | 20.433511 | 20.821111 | 21.203214 | 21.939189 | 23.000000
2 MW 23.000000 | 21.833339 | 20.980863 | 20.519791 | 20.348272 | 20.485186 | 21.023265 | 21.516949 | 21.727265 | 22.240511 | 23.000000
3 MW 23.000000 | 21.886312 | 21.079235 | 20.667027 | 20.526742 | 20.681884 | 21.312281 | 21.841767 | 21.972796 | 22.384085 | 23.000000
4 MW 23.000000 | 21.939285 | 21.177607 | 20.814263 | 20.705211 | 20.878582 | 21.601296 | 22.166585 | 22.218326 | 22.527658 | 23.000000
5 MW 23.000000 | 21.987835 | 21.267596 | 20.950486 | 20.905862 | 21.065035 | 21.860706 | 22.474797 | 22.454263 | 22.659764 | 23.000000
6 MW 23.000000 | 22.036385 | 21.357584 | 21.086708 | 21.026513 | 21.251488 | 22.120115 | 22.783008 | 22.690200 | 22.791869 | 23.000000
7 MW 23.000000 | 22.084710 | 21.443674 | 21.218958 | 21.193068 | 21.443463 | 22.368940 | 23.069063 | 22.909212 | 22.915935 | 23.000000
8 MW 23.000000 | 22.133035 | 21.529764 | 21.351208 | 21.359623 | 21.635437 | 22.617765 | 23.355118 | 23.128224 | 23.040001 | 23.000000

Gll



AN5199 5.17 Awsenulaidnannnisin

£%
Y

2N

ML 2/3 serinvandsuiuluanings Wdn 2 89 8 wnen

1Y

A

wseauluidn (Rlalaad)

Single DG

Capacity STA Wanfi 1 | Twandi 2 | Waafi3 | wanfid | Waafis | lwaafi6 | Wanfi 7 | Twandis | vanfi 9 SWA

Without DG | 23.000000 | 21.705532 | 20.766570 | 20.213322 | 19.967074 | 20.017326 | 20.433511 | 20.821111 | 21.203214 | 21.939189 | 23.000000
2 MW 23.000000 | 21.951825 | 21.169891 | 20.797186 | 20.696642 | 20.869411 | 21.583807 | 21.657044 | 21.825314 | 22.296638 | 23.000000
3 MW 23.000000 | 22.044738 | 21.307471 | 20.994476 | 20.942229 | 21.153709 | 21.972595 | 21.943635 | 22.035538 | 22.417215 | 23.000000
4 MW 23.000000 | 22.078027 | 21.378369 | 21.103179 | 21.068574 | 21.297137 | 22.171556 | 22.083944 | 22.146291 | 22.482711 | 23.000000
5 MW 23.000000 | 22.111316 | 21.449267 | 21.211882 | 21.194919 | 21.440566 | 22.370517 | 22.224252 | 22.257044 | 22.548206 | 23.000000
6 MW 23.000000 | 22.154234 | 21.575770 | 21.395632 | 21.419643 | 21.702928 | 22.730103 | 22.483225 | 22.451779 | 22.660648 | 23.000000
7 MW 23.000000 | 22.229370 | 21.714723 | 21.606571 | 21.681765 | 22.011459 | 23.142829 | 22.780223 | 22.674683 | 22.786069 | 23.000000
8 MW 23.000000 | 22.304505 | 21.853676 | 21.817510 | 21.943887 | 22.319990 | 23.555556 | 23.077221 | 22.897586 | 22.911490 | 23.000000

9Ll
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penidu 3 Usemsléun aruvinuiuvedivian svasvitsssninaeiesiifialiliiuasnanings wae

swlufafidavaaIasnidalwiln Wudu
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A15719% 5.18 as1aUSeuiisuasssulniesast e liiuunszaie Ane 2 wneing

1/3 Line 1/2 Line | 2/3 SWA
AMAUA nnn. Without DG
(2 MW) 2 MwW) 2 Mw)
RERHTI N usaulnin (Rlalaae)
ﬁﬂﬁﬁ%’ﬂ%ﬁﬂ 20.900000 23.000000 23.000000 | 23.000000 | 23.000000
Ii/iﬁﬂ‘ﬁ 1 20.900000 21.705532 21.997525 | 21.908088 | 21.951825
Iﬁaﬂﬁl 2 20.900000 20.766570 21.283246 | 21.138453 | 21.169891
I‘Viﬁ@‘ﬁ S) 20.900000 20.213322 20.941498 | 20.761723 | 20.797186
I‘Viﬁ@‘ﬁ 4 20.900000 19.967074 20.612291 | 20.639817 | 20.696642
Iwamﬁ 5 20.900000 20.017326 20.590723 | 20.798338 | 20.869411
Iua@ﬁ 6 20.900000 20.433511 20.845971 | 21.099504 | 21.583807
I‘Viﬁﬂ‘ﬁ 7 20.900000 20.821111 21.122818 | 21.300304 | 21.657044
Iwamﬁ 8 20.900000 21.203214 21.436168 | 21.563076 | 21.825314
I‘Viﬁ@‘ﬁl 9 20.900000 21.939189 22.074774 | 22.146445 | 22.296638
anfiassalan | 20.900000 23.000000 23.000000 | 23.000000 | 23.000000
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aglsimunsinasilananundeiulunisusuugsusaiunnlussuudmheliaalasinng
Waueun fsiunil 3 Idenisiadsaandliiilvg unit 4 Dunisfadadunuuseglaiiuseiugs
d‘ a & v = o a o U = v < a ¢ A
wazun? 5 nsfnaaneaseenlalniuuunsgats auadiu Fsdandunslinsziiionuuim
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mishignaadlunisuilamiussduaniiiagu weaseanuduamisiiilussuudmelninlig
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(2

A15719% 5.18 ans1aUSeuiisuasssulniaTaei e lidnuunsgaie e 3 wnging

1/3 Line 1/2 Line | 2/3 SWA
RIIVAIK nnA. Without DG
(3 MW) (3 MW) (3 MW)
TRERHTLE ussaulnia Alalaad)
ﬁﬂ’]ﬁ?ﬂ%ﬁﬂ 20.900000 23.000000 23.000000 | 23.000000 | 23.000000
I‘Viﬁﬂ‘ﬁ ) 20.900000 21.705532 22243162 | 22.103087 | 22.044738
Iﬁﬁ@‘ﬁ 2 20.900000 20.766570 21.601103 | 21.484344 | 21.307471
Iwamﬁ D 20.900000 20.213322 21.325594 | 21.276517 | 20.994476
I‘Viﬁﬂ‘ﬁ 4 20.900000 19.967074 20.953509 | 21.283166 | 20.942229
Iua@ﬁ 5 20.900000 20.017326 20.910297 | 21.551956 | 21.153709
Iﬁﬁ@ﬁ 6 20.900000 20.433511 21.068492 | 21.732852 | 21.972595
I‘Viﬁﬂ‘ﬁl 7 20.900000 20.821111 21.277886 | 21.756897 | 21.943635
Iﬁaﬂﬂl 8 20.900000 21.203214 21.555149 | 21.903494 | 22.035538
I‘Viﬁ@‘ﬁ 9 20.900000 21.939189 22.142401 | 22.339681 | 22.417215
anflassalan | 20.900000 23.000000 23.000000 | 23.000000 | 23.000000
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M15197 6.1 Wisuisuussnulniinaaninnisusudsaussiulninlunsasinaile

suuisivian

fumis | Awsedulni | nsdiugiu | HV Cap. DG
musnsgiy | (Liflaunsal) | (12 MVAN) (3 MW)
(1/2kvar) (1/2 Line)
Awsaulvin (Rlalad)
STA 20.900000 23.000000 23.000000 23.000000
1 20.900000 21.714480 22.139729 22.086599
2 20.900000 20.772055 21.574891 21.453132
3 20.900000 20.215553 21.185906 21.223149
4 20.900000 19.977208 21.002402 21.221524
5 20.900000 20.033139 21.018300 21.482396
6 20.900000 20.445737 21.147333 21.671377
7 20.900000 20.830806 21.327648 21.713784
8 20.900000 21.210697 21.577386 21.873182
) 20.900000 21.943818 22.149986 22.324052
SWA 20.900000 23.000000 23.000000 23.000000
_____________ H igl vcgagibogdaz
/
\ ‘//i = == Low voltage boundary
n m— Without HV
N e / i of - HV Cap. (12 MVAr)
0= DG (3 MW)
- W~ -—----- B e Tiomsom| — — b wotoge boundor
N P
~ - - [
SA 1 2 3 4 s 6 7 8 9 swa
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Abstract: Energy consumption and environmental issues have become major drivers of increasing
renewable energy penetration levels. The electricity generated from renewable energy sources is
decentralized throughout distributed generation (DG), which is located at the distribution level.
However, the presence of DG can change distribution system characteristics and affect protection
systems. Thus, this study aims to investigate the impact of DG in term of its sizing and placement
on distribution systems under both normal and fault conditions. In addition, the effects on voltage
improvement under normal conditions and current under fault conditions are also considered. The
case study system in this study was modelled after an actual section of a 22 kV distribution line
from the Provincial Electricity Authority of Thailand using PSCAD software. For DG, wind turbine
generation was selected as a renewable energy source. The simulation results demonstrated that
the presence of DG has a significant impact on both voltage and current characteristics under both
normal and fault conditions. These impacts on the distribution system caused by DG can affect
the operation of conventional distribution systems, which require further analysis and preventive
measures in order to ensure good system reliability.

Keywords: distributed generation; distribution system; voltage drop; fault; wind power generation

1. Introduction

Currently, energy and environmental problems have become major concerns in many
countries because of the increasing consumption of fossil fuels and the corresponding
release of greenhouse gases. In addition, populations and economies have been growing
rapidly, which means that energy production cannot keep up with energy consumption
rates. To address this, increasing energy production from renewable energy sources is
among the methods that have gained attention from both governments and the private sec-
tor to replace the usage of fossil fuels. To achieve this goal, small-scale forms of renewable
electric power generation called “distributed generation (DG)” systems must be adopted
on a larger scale [1]. DG systems generate power from energy sources such as solar, wind,
biomass, and biogas and are installed close to end users. In Thailand, the government
plans to increase the proportion of energy generated from renewable energy sources by
investing in renewable energy sources such as solar, wind, waste, biomass, and biogas in
every region of the country that has potential for their use. In addition, the government has
expanded its transmission and distribution system to keep up with increases in renewable
energy penetration levels. According to data from the Ministry of Energy, Thailand created
a long-term integration plan called The Power Development Plan (PDP2018 Revision 1) in
2018, which includes the objective of increasing renewable energy in power generation to
18.9% by 2037 [2]. The Alternative Energy Development Plan (AEDP2018) has the objective
of increasing the proportion of renewable energy to 34.23% of total energy consumption
by 2037. In particular, wind power generation will increase from 1102.82 MW in 2018 to
2989 MW in 2037, according to the plan [3]. This trend of rising DG penetration levels in
the power system will affect the overall system characteristics in both positive and negative
ways [4].
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The connection of DG to the distribution system, including elements such as PV,
thermal, wind, and water power plants, causes shifts in the characteristics of the power
system [5-10]. Thus, the impacts of DG, both negative and positive, are reviewed in this
paragraph. The conventional distribution system is a centralization generation (CG) type [5]
with a large power generation unit that is placed near the energy source for generation
and transmission of energy to customers through a distribution system. However, DG
systems directly generate active power (P) [6] and reactive power (Q) [7] to the load
customers via the distribution feeder. There are also side benefits of DG installations in
distribution systems, such as voltage drop improvement [8], power loss reduction [9],
improved power quality [10], and reactive power reduction. Literature reviews on DG
placements in distribution systems and their effects on system characteristics [11-16] have
been conducted. Optimal DG placement to improve voltage profiles and reduce power loss
on distribution feeders in comparison to existing networks has also been studied [11]. In
Ref. [12], the author proposed that DG placement along the distribution feeder impacts
the bi-directional power flow of the distribution system. Various load characteristics were
studied before determining the optimal DG placement and locating the weak bus of the
primary feeder [13]. Furthermore, a technique to place DG to improve the power loss
and reactive power compensation has been proposed [14]. Compared to the conventional
technique, the results showed that DG installation achieved greater benefits, such as voltage
drop improvement and an increase in the voltage profile. In addition, DG penetration with
better allocation reduced the power loss of the system. In [15], the author reported that the
voltage drop on the distribution line improved with the DG system, especially in the case
of load unbalancing placement.

According to the above literature review, most DG systems can be improved through
loss reductions and voltage deviations in the distribution system. These techniques have
not been conducted for determining optimal locations to select the best position. Thus, DG
placement techniques are proposed in [16-19]. DG placement techniques utilize the power
loss and voltage profile. The DG placement technique has an impact on distribution feeders
in term of voltage drop and power loss minimization, affecting the reliability of power
systems [16]. In Ref. [17], studies were conducted regarding planning the optimal DG
placement using the Strawberry Plant Propagation Algorithm (SPPA), which was applied
on 33 and 69 nodes for testing. Ref. [18] studied the Meta-heuristics technique for optimal
placements in multiple DG sizing variations, totaling 7 positions, which were performed
on an IEEE 33-bus radial distribution system. Other devices that used capacitors were also
proposed and placed on every weakness bus, using the analytical method technique for
determining the optimal sizing and placement testing on the IEEE 37-bus [19].

Wind turbine generation (WTG) is one of the main types of DG that uses renewable
energy sources that is on par with solar power systems. Past studies on the impacts of
various WTG placements on distribution systems have been presented in [20,21]. The
results indicated that operational issues that occur in systems with other types of DG also
occur in the case of wind farm projects. Various phase faults in a distribution system
consisting of wind power generation that uses a doubly fed induction generator (DFIG) can
affect relay operation and are caused by a malfunction in a conventional directional relay.
Research on a new approach to fault classification also demonstrated the effect of DFIG on
the wave shape of the fault current, as can be seen in [22,23]. A smart grid system with a
high level of renewable energy penetration, especially in wind farms, requires accurate and
rapid fault location algorithms to prevent any tripping out of wind power generators [24].
Moreover, the fault current on the distribution system will be more affected by the installed
WTG according to parameters such as sizing and placement [25]. To determine the type of
fault and identify the fault line, simulation programs have been utilized to determine the
correct location [26]. In addition, fault currents have been monitored from the load side and
fault point occurrence to improve the relay-setting coordination along with the distribution
system. The fault current will increase in the system depending on the DG installation
size [27,28]. The'reason for this is the penetration of DG, which injects continuous current



Sustainability 2023, 15, 5581

30f23

into the system when the fault is still occurring. The WTG still provides power under fault
conditions through the distribution system because the wind power comes from the flow
of wind speed, which drives the mechanisms of the wind turbine and generates power
regardless of whether a fault occurs on the distribution line [29]. In [30], the researcher
employed the reduction amplitude method when the fault occurred through fault current
limiter (FCL) installation to the distribution system. Thus, the sizing and placement of the
DG were optimized to avoid high FLC sizing selection.

In [31-35], research on the impact of DG placement on distribution systems when
various faults occur was conducted. The optimal DG placement was determined based on
the right placement location and sizing of the DG [31]. Investigations analyzing the root
causes of DG integration in a distribution system used for resetting relay protection have
also been conducted [32,33]. In [34], the authors proposed the optimal placement of fault
detection for identifying the zone of the fault location along with the distribution system,
and the results could be used to improve the reliability of the system. Furthermore, DG
causes significant changes in various aspects of the power system characteristics when
connected to the system in both steady and transient states. In addition, the DG placement
on the distribution system must consider the fault occurrence among the feeders to identify
and determine the fault location, thus helping to minimize the major fault occurrences in
the distribution system [35]. Ref. [36] determined the various DG types to connect with the
grid for monitoring performance.

From the literature review it can be seen that the integration of DG has various impacts
on conventional distribution systems. However, many research articles focused on case
studies with fixed DG sizes and locations. Thus, this paper aims to present the effect of
DG on various parameters such as voltage under normal conditions and system currents
during fault conditions. The case study distribution system using a 22-kV distribution
network located in the northern part of Thailand’s central region was simulated using
PSCAD software. The evaluation of system characteristics considered various factors such
as DG location, number of DGs, and fault locations in consideration. Various case studies
have been conducted in order to anticipate the system behavior in case of an increase in
the penetration level on the distribution line and to analyze the trend to ensure that the
traditional distribution system can operate under the new condition reliability.

The contribution of this study as follows:

e  The case study replicated an actual distribution line from the Provincial Electricity Au-
thority (PEA) 22 kV distribution network, which represents real load and connection;

e  The voltage characteristic under a normal condition and the side benefits of DG
installation on the distribution in terms of voltage drop improvement were analyzed
using various DG sizes, numbers, and locations;

e  The current characteristic of the distribution system with various cases of DG installa-
tions under fault occurrences were also observed.

The results from this study can be used to anticipate both the positive effects (in
terms of improving the voltage drop) and negative effects (in terms of its impact on the
current characteristics of the system) of DG implementation, which can help ensure reliable
operation of the distribution system with higher distributed generator penetration.

The remainder of this paper can be divided into the following sections. Section 2
provides details and a configuration of the distribution system used in the case study. The
results in terms of voltage improvement obtained by using DG are presented in Section 3.
Section 4 evaluates the impact of fault conditions on the distribution system characteristics
under different DG conditions. Finally, the findings of the study are summarized and
discussed in the conclusion.

2. Case Study Distribution System

The characteristics of the distribution system used in the case study were modelled
after the actual PEA 22-kV.distribution. line connected betweéen the Sukhothai(STA) and
Sawankhalok (SWA) substations in the northern region of Thailand. The distance between
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the substations is 43 km, and the configuration of the cable in this section of the distribution
line is summarized in Table 1.

Table 1. Configuration of the case study distribution system.

Parameters Configurations

1. Rated voltage (Vi.1, Vims) 22 kV
2. Boundary voltage 20.9-23.1kV
3. Lean conductor 3 conductors

s SAC cable 185 mm?

= Outer diameter 0.00799 m

s DC resistance 0.164 O
4. Distribution line length 43 km
5. Total loads 9 loads
6. PF loads 0.95

The parameters of each customer load on the distribution system are summarized in
Table 2. The customer load requirement in this section was 23.59 MVA with an average
power factor of 0.95, which can be simplified into nine connected points along a 43 km
distribution line. The largest load was number 4, located 27.5 km from the STA substation,
and the smallest load was number 9, located 37.5 km from the STA substation.

Table 2. Parameters of the interconnected load in the distribution system.

Load No. Distance (STA-Load) (km) Apparent Power (MVA) PE.
1 5.5 0.86 0.95
2 10 4.71 0.95
3 14.5 2.55 0.95
4 17.5 6.02 0.95
5 20 297 0.95
6 26 0.97 0.95
7 30.5 2.36 0.95
8 335 2.96 0.95
9 37.5 0.19 0.95

23.59 MVA

The distribution line used as a case study can be represented by a single-line diagram,
as shown in Figure 1. In Figure 1a, the simplified diagram consists of nine connected loads
with varying power demands, with the largest connected load of 6.02 MVA located at bus
No. 4, slightly near the STA substation. The PSCAD diagram is illustrated in Figure 1b,
where the substation is replaced with a voltage source and the load is connected to the
transmission line model with a bus, circuit breaker, and measurement device.

To evaluate the characteristics of the distribution system used in the case study, a
simulation using PSCAD software was performed. System parameters such as voltage
and current were obtained through measurement devices installed on the substation and
each load bus. The three-phase voltage waveform obtained in front of the STA and SWA
substation displayed in Figure 2 shows the sinusoidal wave characteristic with each phase
according to 120°, which is common in alternate current systems. For the load parameter,
the obtained results:are summarized in Table 3 The voltage level on the load bus decreased
as the distance between the load bus and the substation increased. This resulted from
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the voltage drop on the load and cable as power was fed along the distribution line. The
voltage was the lowest on load No. 4, which was also the largest load on the distribution
line and was located farthest from both substations. On the other hand, the current from
both substations was a combination of the current that flowed through each load, and
the amplitude depended on the sizing of the load, which was highest for load No.4. The
current on the STA substation was higher than that on the SWA because the sizing of the
load near the STA substation was larger than that near the SWA substation. Thus, a larger
amount of power was fed from the STA substation.
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Figure 1. The 22 kV distribution system used in the case study. (a) Single-line diagram; (b) PSCAD
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Figure 2. Three-phase voltage waveform in case study distribution system. (a) STA substation;
(b) SWA substation.
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Table 3. Parameter results of base case (no DG) simulation.

Parameters Recorded

Descriptions
V (kV) I (kA) PMW) Q(MVAr) S(MVA)
STA (S1) 23.000000 0.499433  19.174202  8.096472 20.813526
Load No.1 21.705532  0.035279  1.255549 0.427419 1.326307
Load No.2 20.766570  0.184679  6.308891 2.078501 6.642459
Load No. 3 20.213322  0.097514  3.243475 1.065713 3.414070
Load No.4 19967074  0.226968  7.460242 2441514 7.849598
Measuring Points  Load No. 5 20.017326  0.112525  3.703464 1.226886 3.901396
Load No. 6 20.433511  0.037232  1.254766 0.402474 1.317734
Load No.7 20.821111  0.093333  3.195578 1.056986 3.365848
Load No. 8 21.203214 0.118314  4.129579 1.351087 4.344980
Load No. 9  21.939189  0.007498  0.272923 0.081175 0.284739
SWA (S2)  23.000000  0.413103  15.078666  6.592662 16.456894

From a voltage perspective, the voltage drop level that occurred on the distribution
line is significant because of its impact on the end user. The PEA has set a standard that
regulates the voltage level, which should not exceed 5% of that of the substation. The
voltage level of the 22-kV case study distribution system is plotted in comparison with the
PEA standard, as shown in Figure 3. The 5% voltage boundaries are 23.1 kV and 20.9 kV for
the upper and lower boundaries of the PEA standard, respectively. From the figure, it can
be seen that the voltages on the bus nos. 2 through nos. 7 were lower than the minimum
imposed by the standard.

== == \/oltage boundaries -= M= NoDG = == Voltage boundaries

Voltage {kV)
N
s
wv
7/
\

20.0 - - — -8

19.5
STA 1 2 3 4 5 6 7 8 9 SWA

Figure 3. Voltage level of the case study distribution system.

This under-voltage issue on the majority of the load can impact end users on this
specific distribution line. However, the presence of DG at the distribution level may be able
to improve the voltage level on the distribution line. Thus, a characteristic evaluation of the
distribution system with a connected wind-type DG under different conditions, particularly
at the voltage level, is presented in the next section.

3. Distribution System with Distributed Generation

In this case study, WTG was selected as the type of DG to be connected to a distribution
system. The diagrams of the wind turbine model and its PSCAD counterpart used in the
case study: are illtustrated as shown in Figure 4a,b, réspectively. -The WTG components
consist of a wind source (point 1), which can be used to control the input wind.speed for
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the WTG. The next part is the wind turbine governor, which controls the pitch angle of the
turbine blade and the turbine modulation that generates mechanical torque (point 2). The
output torque provides a synchronous machine with AC exciters that generate voltage and
current (point 3). Finally, the output power flows through the power transformer (point 4)
to synchronize a generator with the distribution grid (point A). In addition, the detailed
WTG configurations are described as displayed in Table 4.

Wind turbine converter
® S |
DC I

Integrated
gear or
module
system

Grid
transformer

switchgear

Medium volta

bearing
=

1

-

Wind Turbine
MOD 2 Type Tm

Wind Turbine
Governor
MOD 2 Type

|
g2 cu= U
10 >-B

Ctrl L

TIVE :‘;I: o

(b)

Figure 4. Detail of the WTG used in the case.study. (a) Simplified diagram of the WTG; (b) PSCAD
diagram of the WTG.
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Table 4. WTG parameters used in the case study.

Components Parameters Configurations
1. Wind Source Average wind Speed (m/s) 6
Generator rated (MVA) 2
2. Wind Turbine Generator Rotor radius (m) 35
Rotor area (m?) 5944
Air density (kg/ m?) 1.225
Rate voltage per phase (kV) 0.398
3. Synchronous Machine Rate current (kA) 1.840
Frequency (Hz) 50
Frequency (Hz) 50
4. Unit Transformer [pprept power ONG 2
Primary voltage (kV) 0.690
Secondary voltage (kV) 22

From Table 4, the average wind speed at the case study location was 6 m/s. The
parameters of the generator in the turbine had a rated power of 2 MVA, mechanical speed
of 16.667 Hz, rotor diameter of 43.5 m, and air density of 1.225 kg/m?>. The generator
type was synchronous with a rated configuration voltage of 0.398 kV and 1.84 kA and a
power converter control frequency for synchronization to the grid at 50 Hz. The power
transformer was a step-up voltage Delta-Wye connection with a voltage ratio of 0.69/22 kV
connected between the WTG and the distribution line.

The DG placement consisted of three main locations: near the STA substation (S1), on
the middle point of the distribution line (M), and near the SWA substation (S2). Moreover,
the sizing of the WTG varied from 2 MW to 8 MW, which is the maximum allowable DG
output to connect with the grid according to PEA regulations. A simplified diagram of
the case study distribution system with the WTG is shown in Figure 5a,b, which show a
diagram from PSCAD software. The simulation results from PSCAD with different DG
sizing and placement are discussed in the next section.

215km | 215km
|

Figure 5. Cont.



Sustainability 2023, 15, 5581

90f 23

Wind Turbine T " Wind Turbine i KNT*WEE?&&E&T
MOD 2 Type P | MOD 2 Type } | MOD 2 Type }
- I I
! i ! l
P T == |
PP I | I |
- | | I |
s ! I ! I
e I | ! l
STA Substation VA ! ™ ! ! I* swasubstation
/ | N | N
> ol —_ = — . — . e IR — . N a3
—@ @ T W W ’E’V ’E’V T T T x G@*D]—@—h‘
TLine1 TLine2 TLine3 TLine4 TLine5 TLine6 TLine7 TLine8 TLine9 TLine10
v Ph = < Ph v
= o o N
& o 2 @
/ 4 v
sl 2L, 34, 3L, 8L 8l 3l ¢ 3
<
L SO (-1 SO S M- S, (A Y T
- N w S (&2 (=2} ~ [o2] m
L SUC N J: k J: ! Voo J: ! Voo oo J:
PHQ PHQ P+Q P+Q PHQ PHQ PHQ PHQ PHQ

Loadno.1 Loadno2 Loadno.3 Loadno4 Loadno5 Loadno.6 Loadno.7 Loadno8 Loadno.9

(b)

Figure 5. Case study diagram with single DG placement on the distribution system. (a) Single-line
diagram; (b) PSCAD model.

3.1. Distribution Characteristics in the Case of a Single 2 MW DG with Different Placement

The evaluation of distribution characteristics with different DG placements was con-
ducted by simulating a 2 MW DG at three different positions. The selected positions
consisted of the STA substation, the middle of the distribution line, and the SWA substation.
The simulation results in terms of sinusoidal voltage and current waveform for the three
different DG placements are shown in Figure 6. The amplitude of both the sinusoidal
voltage and current waveform from the STA substation (Figure 6a) were similar to those
of the substation (Figure 6b) and those of the case without DG (Figure 2). This result is
due to the DG installed on the substation bus, where the voltage level is constant. On the
other hand, DG placement at the middle of the distribution line (Figure 6c) had a lower
peak-to-peak voltage compared to the substation placement because of the voltage drop
that occurred on the distribution line. For the current waveform, the amplitude depended
on the power provided by the DG sizing.

The obtained current and voltage of each measuring point from three different 2 MW
DG placement locations in comparison with the case without DG are summarized in Table 5.
With respect to the voltage level, the RMS voltages at each measurement point in the cases
of DG placement near both substations were similar to that in the base case without DG.
This results from the constant voltage level on the substation bus; therefore, the DG does
have an effect on the voltage. In the case of DG placement in the middle of the distribution
line, the RMS voltages on each load bus increased compared to those in the base case.
This is because DG provides power to the nearest load instead of power feeding from the
substation, resulting in a reduction in the voltage drop. For the current, the DG had an
impact on the current level by feeding power to the nearest load instead of the substation.
Thus, the current level of a substation reduced when DG placement was near it compared
with to base case without DG. However, the sizing of DG was small in comparison to the
load, and the effect did not reach the substation on the other side. When the DG was placed
in the middle of the distribution line, the additional power generated from the DG resulted
in an increase in the current level on the nearest load and a reduction in the substation
current level.
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Figure 6. Sinusoidal voltage and current waveform for distribution system with 2 MW DG placement.
(a) DG placement near STA substation; (b) DG placement near SWA substation; (c) DG placement in
middle of distribution line.
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Table 5. Simulation results for single 2 MW DG with different placements.
Descriptions
Near STA e Middio Near SWA Near STA On the Middle Near SWA
. . Base Case . Point of the . Base Case . Point of the .
Items Measuring Points Substation PP . Substation Substation e . Substation
(No DG) (DG-STA) Distribution Line (DG-SWA) (No DG) (DG-STA) Distribution Line (DG-SWA)
(DG-Middle) (DG-Middle)
Voltage (kV) Current (kA)
1 STA (S1) 23.000000 23.000000 23.000000 23.000000 0.499433 0.411413 0.468915 0.499443
2 Load No. 1 21.705532 21.705543 21.908088 21.705561 0.035279 0.035279 0.035607 0.035279
3 Load No. 2 20.766570 20.766675 21.138453 20.766642 0.184679 0.184673 0.187696 0.184673
4 Load No. 3 20.213322 20.213380 20.761723 20.213555 0.097514 0.097515 0.100147 0.097515
5 Load No. 4 19.967074 19.967146 20.639817 19.967360 0.226968 0.226969 0.234555 0.226972
6 Load No. 5 20.017326 20.017389 20.798338 20.017638 0.112525 0.112525 0.116922 0.112526
7 Load No. 6 20.433511 20.433512 21.099504 20.433847 0.037232 0.037232 0.038440 0.037233
8 Load No. 7 20.821111 20.821148 21.300304 20.821548 0.093333 0.093333 0.095484 0.093335
9 Load No. 8 21.203214 21.203240 21.563076 21.203488 0.118314 0.118314 0.120318 0.118316
10 Load No. 9 21.939189 21.939206 22.146445 21.939720 0.007498 0.007498 0.007569 0.007498
11 SWA (S2) 23.000000 23.000000 23.000000 23.000000 0.413103 0.413099 0.381220 0.330026
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The voltage level at each measurement point was plotted in the voltage profile along
the distribution line in comparison with the voltage regulation, as shown in Figure 7. The
PEA standards of maximum and minimum voltage levels indicated that under normal
conditions, the 22 kV system had an upper voltage boundary of 23.1 kV and a lower
voltage boundary of 20.90 kV. From the figure, the distribution system without DG had
voltage levels on loads 2 through 7 that were lower than the minimum regulation boundary.
Although the voltage level improved in the case of DG placement in the middle of the
distribution line, the voltage levels on loads 3 through 5 were still lower than the minimum
regulation boundary. However, the PEA interconnection code allows up to 8 MW of a
DG unit to be connected to a single bus. Thus, the evaluation of different DG sizing
and the corresponding effects in cases where the penetration level is higher than 2 MW
were performed.

= = =\oltage boundaries =¥=No DG —¢—DG-STA DG-SWA ==a— DG-Middle Voltage boundaries

23.30 L
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= = =
N wn -]
Of C%=O
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20.90
20.60 A
20.30

20.00 -

19.70

STA 1 2 3 4 5 6 7 8 9 SWA

Figure 7. Voltage profile of the distribution system with different 2 MW DG placements.

3.2. Characteristics of Voltages in the Case of Varying DG Sizing

From a previous case study, only the case of DG placement in the middle of the
distribution line showed results in terms of voltage improvement on load buses. Thus, this
section will focus only on the case of DG placement at the middle of the distribution line
and varied sizing from 2 MW to 8 MW. The voltage levels when the DG sizing varied are
summarized in Table 6. The RMS voltage level loads increased in comparison with that of
the distribution system without DG and the voltage increased as the DG sizing increased.
As for the voltage regulation, the DG size of 3 MW at the middle of the distribution line had
a voltage level at all load buses higher than the lower boundary of voltage regulation. This
is because the DG was located near the load and provided power to the load instead of to
the substation. Thus, there was a smaller voltage drop from the distance of the load to the
substation. For the sinusoidal voltage waveform, the voltage amplitude at the connected
point increased depending on DG sizing, as shown in Figure 8.

Table 6. The voltage results in the case of 2 MW to 8 MW DG placement at the middle of the
distribution line (M).

Single DG Sizing

Measuring Points

STA 1 2 3 4 5 6 7 8 9 SWA
no DG 23.000000 21.705532 20.766570 20.213322 19.967074 20.017326 20.433511 20.821111 21.203214 21.939189 23.000000
2 MW 23.000000. ~21,908088 - 21,138453 20.761723' 20.639817 20.798338" 21.099504 21.300804 :21.563076 -22.146445 °23.000000




Sustainability 2023, 15, 5581

13 of 23

Table 6. Cont.
Measuring Points
Single DG Sizing
STA 1 2 3 4 5 6 7 8 9 SWA
3 MW 23.000000 21.974048 21.293040 21.025706 21.006142 21.222554 21.392216 21.504872 21.748671 22.239908 23.000000
4 MW 23.000000 22.107511 21.482672 21.272889 21.265034 21.525231 21.713015 21.746262 21.901710 22.342198 23.000000
5 MW 23.000000 22.184035 21.632193 21.489586 21.586236 21.854500 21.990732 21.959655 22.061591 22.433231 23.000000
6 MW 23.000000 22.281338 21.807338 21.751126 21.856676 22217459 22.299483 22.176007 22.216389 22.524413 23.000000
7 MW 23.000000 22.333308 21.990926 21.964674 22.105478 22.554267 22.567886 22.367582 22.380118 22.614138 23.000000
8 MW 23.000000 22.441116 22.105417 22.191798 22.397389 22.855555 22.834169 22.547406 22.504952 22.688590 23.000000
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Figure 8. The sinusoidal voltage waveform in the case of DG connected at the middle of the distribu-
tion line. (a) 2 MW DG; (b) 8 MW DG.

The voltage characteristics of each case study compared with the PEA voltage regula-
tion are summarized in Figure 9. The voltage levels on all load buses increased as the DG
sizing increased from 2 MW to 8 MW. The DG installation was located in the middle of the
transmission line, that is, between buses 5 and 6. This resulted in the voltage level in these
two buses being higher than the other buses because of the proximity of the DG. At the
maximum connected DG allowance of 8 MW, the voltage level did not exceed the upper
boundary of the PEA voltage regulation. This change in distribution system characteristics
represents a positive effect. However, the change in current characteristics under normal
conditions due to DG can impact the system, especially under fault conditions. Thus, the
next section discusses the impact of DG on the distribution system under fault conditions.

== \Voltage boundaries == No DG —X=—2 MW — 3 MW —0—4 MW

4— 6 MW = == Voltage boundaries

STA 1 2 3 4 5 6 7 8 9

SWA

Figure 9. The voltage profile of DG placement at the middle position of the distribution line.
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4. Distribution System with Distributed Generation in the Case of Fault Occurrence

The simulation results under normal conditions show that DG interconnected into a
distribution system can indeed alter the system characteristics by increasing the voltage
level along the distribution line. However, the characteristics of the system under fault
conditions may be affected by the presence of DG. Thus, an evaluation of a system with
DG under fault conditions must be performed.

4.1. Distribution System in the Case without dg under Fault Conditions

To evaluate the characteristics under fault conditions, a case study distribution system
without DG was simulated. The location of the fault was varied across six different locations:
L1at5.5km, L2 at 10 km, L3 at 17.5 km (on the bus connected with load No. 4), L4 at 20 km
(middle point), L5 at 33.5 km (10 km from SWA substation), and L6 at 37.5 km (5.5 km
from the SWA substation). The single-line diagram of the distribution system under fault
conditions and its PSCAD counterpart are shown in Figure 10a,b, respectively.
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Figure 10. Distribution system without DG under fault condition. (a) Single-line diagram; (b) PSCAD
diagram.

The sinusoidal current waveforms at the STA and SWA substations under normal
conditions are displayed in Figure 11a,b, respectively. The different amplitudes obtained
from the load sizing on the STA side were larger than those on the SWA size. Thus, the STA
substation needed to provide more power, which resulted in a higher current amplitude
compared to that of the SWA substation. Under the fault condition at L1, the single line to
ground fault in Figure 11c shows that the fault phase current from the STA was significantly
higher than that of the other phases, and it was also higher than the fault phase measured
from the SWA side because the fault location was near the STA substation. For the three-
phase fault in Figure 11d, the currents from both the STA and SWA in all phases had similar
characteristics that were significantly higher than under pre-fault conditions. However, the
current from the STA substation was higher than that from the SWA substation because the
location of:the fault was similar to that of the case with single-phase to ground fault.



Sustainability 2023, 15, 5581

15 of 23

Curent (kA)

Figure 11. Normal and fault condition waveforms without DG. (a) STA substation current waveform;
(b) SWA substation current waveform; (c) Single-phase to ground fault; (d) Three-phase to ground fault.

The currents measured from all buses during the fault conditions are listed in Table 7.
Considering that phase-A-to-ground faults occur at L1, the magnitudes of current phase A
on both substations were higher than those of other phases because the current from the
substation flowed directly to the fault location, which had a lower resistance path. In
addition, current phase A on the other load bus decreased compared to that in the normal
condition because the current flowed to the fault location instead of the load. At the same
time, the currents of the B and C phases could feed to the loads as before, but the current
magnitude shifted to be slightly higher compared to that with normal conditions because of
the unbalanced substation current. However, the current gap between the fault and normal
conditions on load bus decreased as the fault location moved away from the observed load
bus. When comparing the current from the STA and SWA substations, the current on the
STA substation was significantly higher than that on the SWA substation because the fault
was located nearby. In the case of a varied fault location away from L1, the current from the
STA decreased as the distance increased. The fault current was the lowest around location
L4, owing to the distance from the substation. Conversely, when the fault location moved
nearer to the SWA substation, the current increased significantly.

Comparing the pre- and post-fault conditions shows that the fault currents of the STA
and SWA substations increased under fault conditions. This increase depended on the
distance between the fault location and the substation. However, this characteristic may
change when the distribution system has a DG connection, which can act as an additional
generating source.
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Table 7. Simulation results in the case of fault occurrences in the system without DG.

Measuring Points

Fault Location Parameters STA Load Load Load Load Load Load Load Load Load SWA
(S1) No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 (S2)
A 0499433 0.035279 0.184679 0.097514 0.226968 0.112525 0.037232 0.093333 0.118314 0.007498 0.413103
Normal Condition RMS(ISZ;rem B 0.499433 0.035279 0.184679 0.097514 0.226968 0.112525 0.037232 0.093333 0.118314 0.007498 0.413103
C 0.499433 0.035279 0.184679 0.097514 0.226968 0.112525 0.037232 0.093333 0.118314 0.007498 0.413103
A 3.425437 3.80059 0.045354 0.034836 0.104118 0.059266 0025076 0.072426 0.098934 0.006807 0.656846
551‘;& (aLtl) RMS(lfl‘i;rem B 0570717 0.048403 0.227256 0.110387 0.244291 0.118632 0.037849 0.093260 0.11784 0.00748 0.431361
C 0.60103 0.045938 0.231498 0.118328 0.270682 0.131697 0.041878 0.101779 0.1262 0.00778 0.470331
A 2.039706 0.018407 2534366 0.025607 0.075196 0.046396 0.022077 0.067126 0.094045 0.006635 0.736406
1 (;F i‘;llt (itz) RMSEEZ;re“t B 0.584159 0.040447 0.242797 0.115761 0.253281 0.122223 0.038493 0.094094 0.118467 0.007506 0.444318
C 0.612174 0.040432 0.239505 0.12189 0.278379 0.135086 0.04227 0.103318 0.127651 0.007829 0.479773
A 1.28695 0.02593 0.092053 0.031512 1.979025 0.031697 0015228 0.05431 0.081949 0.006207 0.920934
1723511; ?{S) RMs(lfzgrent B 0576755 0.036578 0.200288 0.11494 0.287371 0.136297 0.041345 0.098378 0.122088 0.007624 0462517
C 0.607462 0.038518 0.21505 0.121232 0.294322 0.141964 0.044407 0.106478 0.130603 0.007931 0.490508
A 1144118 0.027471 0.107245 0.035007 0.056589 1.880047 0.014092 0.049399 0.076969 0.006017 0.990623
25 i‘it&) RMS(EX)HEM B 0.562203 0.036117 0.195049 0.109855 0.27104 0.14385 0.042907 0.100751 0.124109 0.007693 0.46411
C 0598486 0.037899 0.21074 0.117767 0.28416 0.14591 0.045309 0.108073 0.132065 0.00798 0.489472
A 0.786051 0.031503 0.146545 0.066019 0.133924 0.057004 0.011675 0.026774 2513962 0.003605 2.065382
3323Ej;?£5) RMS(EK)“e“t B 0.527778 0.035217 0.184619 0.099259 0.236191 0.12059 0.044063 0.118574 0.158727 0.008857 0.474618
C 0.56739 0.036791 0.199489 0.10909 0.259745 0.131519 0.045305 0.118059 0.154326 0.00866 0.488163
A 0.728949 0.032086 0.152416 0.07073 0.147694 0.065068 0.014511 0.025329 0.028757 3.713365 3355621
37?1‘;1; ?tL 6 RMs(lfzgrent B 0.518104 0.035196 0.184339 0.0987 0.233933 0.118883 0.042851 0.114254 0.151947 0.101409 0.469314
C 0.558022 0.036599 0.197586 0.107615 0.255573 0.129131 0.044292 0.114906 0.149521 0.009837 0.481258
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4.2. Distribution System in the Case of Single DG under Fault Conditions

A distribution system with DG under fault conditions was simulated to evaluate
the current characteristics. The voltage drop improvement resulting from the presence
of DG sizing of more than 3 MW connected at the middle point (M) was within the PEA
voltage regulation. Thus, the DG sizing varied from 3 MW to 8 MW with three different
DG placements: near the STA substation, at the middle of the distribution line, and near
the SWA substation. In addition, the single-line to ground fault location varied among
six locations along the distribution line in a manner similar to the case without DG. The
single-line diagram and PSCAD model are shown in Figure 12a,b, respectively.
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Figure 12. Distribution system with single DG placement under fault condition. (a) Single-line
diagram; (b) PSCAD diagram.

The sinusoidal current waveforms from the STA substation, DG connected point, and
SWA substation in the cases of single-phase fault to ground and three-phase fault to ground
at location L1 are shown in Figure 13a,b, respectively. As shown, the location of the fault
was near the STA substation, resulting in the current amplitude after fault occurrence being
significantly higher when compared to the SWA substation. The current from the DG at
the middle of the distribution line in the phase fault slightly increased compared to that
in the pre-fault condition. However, the amplitude did not sharply increase, owing to the
limitation' of the current/'generated by 'the WTG.
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Figure 13. Current waveform at the fault location at 5.5 km with DG placed at the middle of the
distribution system. (a) Single-phase fault to ground; (b) three-phase fault to ground.

4.3. Distribution System in the Case of Single DG under Various Fault Locations

The results from simulating the distribution system with a connected 3 MW DG under
various fault locations are summarized in Table 8. For fault position L1, the STA substation
current in the fault phase in post-fault condition increased compared to that in the pre-fault
condition. However, the amplitude was less than that in the case without DG under similar
conditions. This resulted from the DG generating additional power and current into the
fault location. The SWA substation current also had a similar characteristic but was less
affected by the presence of DG, which allowed the current from the SWA substation to flow
through to the nearest load. The current on the load bus near the fault location decreased
because of the current flow to the fault position. On the other hand, the load located far
away from fault position and between the DG and the SWA substations was less affected by
the decreasing current. This characteristic was caused by a similar resistance path between
the load and fault positions in which the DG generated current and flowed both ways, and
the SWA substation current could load the bus in-between.

When the fault location moved away from the STA substation to the location near
the middle of the distribution line in which the DG was located, the post-fault current
from the STA substation decreased and that in the SWA substation increased. In addition,
the load bus current near the fault location decreased. This change was not similar to the
case without DG. In the case in which the fault occurred between the DG and the SWA
substations, the opposite occurred compared to the fault position at L1. This characteristic
is similar to the main post-fault current originating from the SWA substation and DG. This
result demonstrates that the current level and flow are altered when DG is present during a
fault occurrence, and the position of the fault also significantly effects the characteristics.
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Table 8. Current characteristics in the case of a distribution system with 3 MW DG at the middle point (M) under varying fault locations.

Measuring Points

Fault Location Parameters STA (S1) Load No. 1 Load No. 2 Load No. 3 Load No. 4 Load No. 5 Load No. 6 Load No. 7 Load No. 8 Load No.9 SWA (S2)
RMS A 0.462155 0.035898 0.190778 0.102424 0.241254 0.120776 0.039484 0.097338 0.122070 0.007628 0.372955

Normal Condition Current B 0.462155 0.035898 0.190778 0.102424 0.241254 0.120776 0.039484 0.097338 0.122070 0.007628 0.372955
(kA) C 0.462155 0.035898 0.190778 0.102424 0.241254 0.120776 0.039484 0.097338 0.122070 0.007628 0.372955

RMS A 3.350859 3.875873 0.049368 0.039561 0.117352 0.067317 0.027353 0.076529 0.102934 0.006947 0.550503

Fault at 5.5 km (L1) Current B 0.509782 0.049651 0.234932 0.115791 0.259409 0.127304 0.040195 0.097321 0.121592 0.007610 0.373297
(kA) C 0.569199 0.046875 0.239042 0.124110 0.287262 0.140970 0.044451 0.106379 0.130555 0.007932 0.428855

RMS A 1.969711 0.018456 2.636615 0.027950 0.086082 0.053203 0.024157 0.070917 0.097640 0.006758 0.630972

Fault at 10 km (L2) Current B 0.520884 0.041206 0.251161 0.121614 0.268988 0.131079 0.040847 0.098137 0.122272 0.007629 0.389854
(k) C 0.591338 0.041413 0.249009 0.128351 0.296177 0.145131 0.045448 0.108213 0.132329 0.007991 0.441544

RMS A 1.218242 0.025997 0.092901 0.032938 2.142779 0.027515 0.015812 0.056099 0.083815 0.006267 0.829761

Fault at 17.5 km (L3) Current B 0.519040 0.037207 0.207318 0.121206 0.307445 0.146750 0.043992 0.102758 0.126037 0.007755 0.410029
(k) C 0.583505 0.030340 0.225305 0.129308 0.317921 0.154032 0.047724 0.112414 0.136087 0.008125 0.458019

RMS A 1.217067 0.025970 0.092311 0.032283 2.141804 0.026847 0.015756 0.056206 0.083878 0.006265 0.828898

Fault at 20 km (L4) Current B 0.522745 0.037207 0.207329 0.121361 0.306798 0.146636 0.044006 0.102680 0.126119 0.007755 0.407454
(kA) C 0.587915 0.039346 0.225305 0.129355 0.317864 0.154004 0.047727 0.112475 0.136128 0.008128 0.460042

RMS A 0.694390 0.031997 0.151590 0.069843 0.144844 0.063071 0.012523 0.028027 0.053128 0.003845 1.889275

Fault at 33.5 km (L5) Current B 0.476797 0.035832 0.191145 0.104663 0.252375 0.130098 0.047069 0.125118 0.160301 0.008902 0.412728
(k) C 0.530858 0.037564 0.207296 0.115419 0.277644 0.141896 0.048297 0.124230 0.158084 0.008812 0.466108

RMS A 0.632474 0.032714 0.158713 0.075744 0.162303 0.073428 0.016677 0.028405 0.031145 3.790341 3.278373

Fault at 37.5 km (L6) Current B 0.465596 0.035805 0.190499 0.103811 0.248799 0.127528 0.045330 0.118906 0.156489 0.010595 0.410326
(kA) C 0.519209 0.037301 0.204732 0.113329 0.272003 0.138420 0.046848 0.119672 0.154281 0.010004 0.456568
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4.4. Distribution System in the Case of Various Single DG Sizing under Fault Conditions

The DG connected allowance based on the PEA interconnection code is up to 8 MW.
Thus, the effect of the DG sizing on the current characteristics needs to be evaluated. The
simulation result from the fixed fault location at L1 when varying the DG sizing from 3 MW
to 8 MW is shown in Figure 14. From Figure 14a—f, it can be seen that increasing the DG size
resulted in lower STA and SWA substation currents, owing to the larger generating capacity
from the DG. The current on the load bus increased slightly because of the proximity of the
DG location and the reduction in loss from the line impedance. During fault conditions, a
larger-capacity DG can generate more power and current to the fault position, while the
load requires the same amount of power. This results in a decrease in the SWA substation
current located far from the fault location. However, the current from the STA substation
still increased with DG sizing because of the vicinity of the fault location. The current on
the load bus increased as the DG sizing increased as a result of the ability of the DG to
supply both the load and fault positions.
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Figure 14. Current characteristics of the fixed fault location at L1 from 3 MW to 8 MW. (a) The 3 MW
DG; (b) 4 MW DG; (c) 5 MW DG; (d) 6 MW DG; (e) 7 MW DG;.and (f) 8 MW DG.
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In conclusion, DG placement in the distribution system has an impact on the charac-
teristics of the system under both normal and fault conditions. The flow of the current and
amplitude levels depends on the DG and fault location. This is because the DG provides
current to the fault position as an additional source on the distribution line. For the DG siz-
ing, despite the current on substation decreasing and load bus increasing for the increased
DG sizing, the overall characteristic of the system showed a similar pattern, and the sizing
of DG did not impact the flow. However, a protection device that relies on the current level
setting may have a significant impact.

5. Conclusions

This study aimed to investigate the effect of DG using WTG as a source on a distribu-
tion system under both normal and fault conditions that were analyzed. The WTG sizing
varied between 2 MW-8 MW at three different locations: near the STA substation (S1), at
the middle of the distribution line (M), and near the SWA substation (S2). The voltage
level results showed that under normal conditions, DG connected to the distribution line
can improve the voltage on all loads connected to the distribution line. The voltage level
increases in proportion with DG sizing. The result found that DG with a size of 3 MW
placed on the middle of the transmission line can improve voltage levels within the PEA
voltage regulation limits with the maximum DG connection allowance reaching 8 MW, thus
showing that the voltage level still did not go over the authoritative boundary. In the case
of fault conditions without DG, the current flowed from the substation to the fault location
instead of the load bus. However, DG placement can affect the direction of the current
flow and provide the nearest load bus with current and power depending on the distance
between the DG and the fault location. The current amplitude provided to the fault location
was proportional to the sizing of the DG. However, this study only focused on wind power
generation (WTG) based on a PEA 22 kV voltage level. The system characteristics may
differ in the case of changing types of DG or voltage levels, suggesting that further analysis
needs to be done. These impacts on the distribution system caused by DG can affect the
operation of conventional distribution systems. With an increase in the DG penetration
level, a new suitable operation must be considered to ensure good system reliability. Future
work will compare DG with the high voltage capacitor bank regarding aspects of voltage
improvement and provide recommendations for suitable devices to reduce voltage drop in
distribution systems. Furthermore, a protection device will also be provided and studied.
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GOLDWIND 2.5MW PMDD
WIND TURBINE KEY FEATURES

Platform Evolution

- 20+ years of operational experience from 21,000+ Permanent Magnet

Direct Drive (PMDD) wind turbines

- Expansion of the successful Goldwind 1.5 MW platform with enhanced architectural features

High Efficiency

-+ Permanent Magnet Synchronous Generator (PMSG) eliminates excitation losses
* The absence of gearbox eliminates losses from ancillary systems such as

lubricant distribution and thermal'management

High Reliability

“The gearless drivetrain design eliminates the possibility of gear failure during

the operational life of the turbine

- Maintenance-free design of the toothed belt pitch drive system simplifies pitch

system maintenance requirements

* PMSG does not require high maintenance slip rings for conducting power

Highly Adaptable

- Grid Adaptability: Excellent zero, low and high voltage ride through capability

and compliant with associated standard's across the globe

- Maintenance Adaptability: Dual circuit design of generator and converter enables

partial-operation when one circuit is compromised

-'Environment Adaptability: Flexible operation modes enable adaptation to

extreme environmental conditions such as high and low temperature, noise constraints
and challenging wind conditions

- Construction Adaptability: Individual blade assembly to conserve site space constraints
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TECHNICAL SPECIFICATIONS

GW 2.5MW
Item Unit Specifications
Model GW 109/2500 GW 121/2500
Parameters
Rated Power ! KW 2500
¥, - i _‘_ -
Wind Class IEC IIA IEC lIB
Cut-in Wind Speed m/s 3
Rated Wind Speed | m/s —r 10.3 9.3
Cut-out Wind Speed m/s 25 22
E— — = — 2 —.’— —_ —_
Designed Service Life Year 20
Operating Temperature Range | C -30°C to +40°C
Survival Temperature Range (¢ -40°C to +50°C
270 RN NI
Nominated Rotor Diameter I m 109 121
Rotor Swept Area 9931 11595
(ﬁwmm‘} 11
Generator Type Permanent Magnet Synchronous Generator (PMSG)
Rated Voltage V 690
L LY [ o e - 4_ N N
Rated Rotation Speed rpm 14.5 13.5
M
onv
Converter Type Full Power Conversion

Power Factor Regulation Range Capacitive 0.95 to Inductive 0.95, dynamically adjustable

Rated Output Voltage 690

W‘A‘H

Aerodynamic Brake System

Mechanical Brake System '

Blade Pitch Triple-Redundant

Hydraulic Mechanical Brake System (for Maintenance)

V(aw System
S

Type/Design Motor Drive/Four Planetary Stages for Speed Reduction
- L O o A
Yaw Brake | Hydraulic Brake
‘ L~
Control Systel ig Protection
Type PLC Control System
) ) . Complying with IEC 61400-24:2010 and IEC 62305:2006, and in
Lightning Protection Standard conformance with GL Standards for the Certification of Wind Turbines
Ground Resistance Q <4

Tower

Conical Steel Tower

" “Hub Height 90 90/120

g
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1. GeneratorGooling System

2. Wind Measurement Equipment
3. Hoist

4. Yaw System

5. Nacelle Base

o

Nacelle Enclosure .

GOLDWIND 3.0MW(S) PMDD
WIND TURBINE KEY FEATURES

Platform Evolution

- 20+ years of operational experience from 10,000+ Permanent Magnet Direct Drive (PMDD)

wind turbines

+ Evolution of the successful GW2500 platform with enhanced architectural features

High Efficiency

* Permanent Magnet Synchronous Generator (PMSG) eliminates excitation losses
- The absence of gearbox eliminates losses from ancillary systems such as lubricant distribution and

thermal management

Smart Features

- Smart Sensing: Strategic sensors monitor key components, enabling predictive diagnostics

and precision control

- Smart Control: - Goldwind's big data analysis of 10,000+ installed direct-drive turbines

and more than 20 years of wind energy expertise, have resulted in the most advanced algorithms

- Smart O&M:". Platform includes a QR code data management system which is customizable to

customer requirements for efficient logistics

High Reliability

 The gearless drivetrain design eliminates the possibility of gear failure during the operational

life of the turbine

* Maintenance-free design of the toothed belt pitch drive system simplifies pitch system

maintenance requirements

* PMSG does not require high maintenance slip rings for conducting power

Highly Adaptable

* Grid Adaptability:—Excellent zero, low and high voltage ride through capability, and compliant with

associated global standards

+ Maintenance Adaptability: Dual circuit.design of generator and converter enables partial operation

when one circuit is compromised

< Environment Adaptability: Flexible operation modes enable adaptation to extreme environmental

conditions such as high and low temperature, noise constraints and challenging wind conditions

+ Construction Adaptability: -Individual blade assembly to conserve site space constraints
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9. Hub
10. Blade
11. Pitch System



Power (kW)

Power (kW)

Power (kW)

DYNAMIC POWER CURVE

GW 140/3000(S)

Air Density: 1.225kg/m°®
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TECHNICAL SPECIFICATIONS

GW 3.0MW (S)
Item Unit Specifications
Model GW 140/3000 (S) (onshore)
Parameters
Rated Power | kW 3000-3400
Wind Class g IEC A
Cut-in Wind Speed m/s 2.5
P Ratediwmd Speed _m/s* 11
o Cut—ouK/Vind Speed m/? | = 20 (customized based on the actual conditions of wind farm)
- L) Desiént;j Service Life Year A | b =20
Bpe;ating TeTnperature Rangé y T o N -30C - +40°C
B ISuflival T(;mgerﬁe Rang(-; . C A -40C - +50C
Rotor System
Rotor Diameter m 136/ 140
o PotorSwept Area L L T’ AR 14712 / 15480
Generator
Generator Type } 1 LB Permanent Magnet Synchronous Generator (PMSG)
Rated Voltage V 720
Converter
Converter Type | Full Power Conversion

! 1/4. of ratea pov;er

1 2/4 of rated power'
Power Factor Regulation Rangel ——
3/4 of rated power]

= W P

| Rated Power

Capacitive 0.95~inductive 0.95

RatediFrequency Hz 50/60
Rated Outout Power, | |« KVA N | 3159~3579
_RatedOutputVoktage, | e V| ¥y 690
Brake System
Aerodynamic Brake System | ; J Blade pitch triple-redundant
Mechanical Brake System ‘ Generator Brake (for maintenance)
Yaw System
Type/Design Electric Motor Drive/Four Planetary Stages for Speed Reduction
-~ ‘}awiB?ke y \\ y Jy Four-point-contact Ball Bearing with Outer Ring

Control System and Lightning Protection

Type |

PLC Control System

Compliant with [EC 61400-24-2010 and IEC 62305-2006, and in

Lightning FotectiimgtaNgarg conformance with GL Standards for the Certification of Wind Turbines

Grour;d R;sistan;:e | 7) <4
Tower
Type Conical Steel/Hybrid Tower
Hub height m 100/Conical Steel | 120/Hybrid Tower | 40 ;%r&dggggargning
Weight
Rotor (including blades) t 98
Nacelle t 40
Generator t 82
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