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ABSTRACT

This thesis presents a novel transmission line’s ATC assessment by
considering stability limit and proposes concepts for improving power development
plan (PDP) to support the expansion of renewable generation plan and the power
system stability enhancement. These new techniques will consider the system
voltage stability by using power sensitivity analysis and repeat power flow calculation
technique. Main purposes of the study are to present a novel technique for
transmission line’s Available Transfer Capability (ATC) by considering stability limit
under the power plant’s Availability Declaration Statement (ADS) in the system
specified in the Power Purchase Agreement (PPA) and to present the concepts the
power development plan improving with 2 new techniques. The first one is to find
optimal suitable areas to connect renewable generation or Static VAR Compensator
(SVQO) to the power system. The second one is to define the primary response
generator group determining to increase the security of the Multi-Line Bus and
reduce loading of the transmission line. This study uses the modified Thailand power
system in 2014 and 2016 during peak load period for system base case. The study
results found that a newly proposed transmission line’s ATC assessment can
evaluate the ATC of the transmission line as well as considering transmission line’s
ATC with thermal limits, voltage stability limit or the generator stability limit. In
additional, this new ATC assessment method can also be used as an index to predict
and prevent voltage instability in the system. Study results allow power system to be
more flexible for support system’s variation under the load increasing and the
generation capacity decreasing when compared to the distribution generators
installation. Finally, for the primary response generator group determining, it can
reduce and relief transmission line loading and protect the system congestion.
Furthermore, this new technique can be used as power generation dispatch setting in
Automatic Generation Control system (AGC) and reinforce power system stability and

security enhancement.
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anutdefiomaduasugiaseuiu Sudaldnduusseren Fafuuenainnisdans
éhuL%@LwaqLLasmiﬁmummamaULmuﬁLﬁ“flu?ﬁﬁwﬁzgﬁmu’ﬁaa%fwLLﬁagﬂwiaﬁ'ﬂamuiums
Uszyaarslsslaifiaaunuiamndus winstmueiuilunisdaaidlsdaihduiiduds
ddngesniddumsinnsanieliiAnnaustlomigeansonsinnsmdsnuluszuulnimgs
Tnglamzuauiamuifinsadadsslnihndsounyudouiie douderdiluszuuszuuliih
frdsduananndanndinstuuaiuiifuanzauysenoufunsivuananeuunilunis
Uszyanisdnasisuainazdimalnssuulasulselovigegalunisdanisasielsddniiny
wnuimuntuuenainnsdnadisdsslniiudinsindagunsaliiiewfiuanuiunsdiy
wsseulnindu Munwenasnulinaiiou (Static VAR Compensator; SVC) Aflaanudnfiy
LT

ﬂﬂiﬁwwumﬁuﬁﬁmmzamuaﬂmﬂ%@ﬂm‘%aw%mmv‘?}éLwaa uasi Tuftudifies
PrwardluFoinmdaliihlfotsdeidos vieudinsetissuuasdsfiandonse dandd
onadudadousndlumsfinnsanlunisdeadalsslnd Audildsunansznunisdiuniy
iedesnmusssulwihAdudmiaiiias dudeMalunsiiosanlunsdnatslsaliiin
vieRndsgUnsalifletiiueuunddituszuy saufanisldinedalmlfluniseuay viems
Jansurunistostunazsmatalndlunisusediuamnuaiunsanamvdslunsdaingsaulni
vosaeas ielisruuianubavgugdlunssesiuununisinsaindsdnlifwas UTun
anufesnisivandiinasiuasunlamasnnandebeldiniinnvddyduedrads feufuly
miﬁﬂwﬁ%’aﬁﬁﬂlé’ﬁﬂmLLu’J‘vmLﬁaﬂ%’w'gmmuﬁwmﬁwé’amimémiuamﬂmLawmzé’u
mnuadesnmieinemuadiusyuulnihids

1.2 ANNmNNELazIngUIEaeAYaINIsANE

IneninusatuidmtuieAnvimadelmilunisussiiuanuanansodsdne s
uliiin (Available Transfer Capability; ATC) lagiiansauntadndnnIuefesnInnsou
Ynausuumslunisimueiiuifimansauuazmaianisivuaadesindaluinlunis
AevausINsaBuLasInalvanluldastuiiiiea1anustunsduussunasannise
Tvasesaneds Wlelriinisdansvienausuiiiotfuussssuulniiidsliianuatosnm
gy Tnewmadalullusuddefoztauetiuaunsaudslddussd

121 wedafmanzanlunsinuafiuidouse nieAnaardenan i wd sy
nyulsudiusEUUlninmgs



1.2.2 wadansimunaauiifnsadvarendsnuliiinaioulussuuiinzas
waznsimuaessssdalnfinnevaveswdniiiedestuaivasldsunisyivaniusiudenis
Usziflumnusiunsaestanladda, msﬁmenmadqﬁﬁmmé’ﬂﬁzgLﬁaiaa%’uﬁwé’ﬂw%dqmu
nsdmnilansdaduladunilgnuaneen

1.2.3 wadlaludlun1susziduanuauisadssnenasnuliirlnefiarsundednie
suaesnmmeldtesiianisdinsmdsnulvin (Generation Dispatch Limit; GDL)

1.3 auyAgIUVaINITANEN
nsnuluinednusilindnmslinsmeileelinguinsiesziaulinigiva
A&l (Power Flow Sensitivity) Inesaitfufinuiludiuesunanesnmsnszaneiiloasds
gnuameen (Line Outage Distribution Factors; LODF) LAz UIN WAL o
(Generation Shift Factors; GSF) lun1sfinwnansenudenissinanvesaiuduwasinviiuny
videriidaniosiuialnihaeuausmdnilomuaunisasnundsnuuuasdiuazananse
Ivanuneldmnuaiosnmanlsnosvouaiosiuialuiih (Rotor Angle Stability) 523f
nsAnwiteyauamaialuslunisussifiuanuamsadioglunisdesiumgasulaiin
(Available Transfer Capability; ATC) Faduaiivauenis mmmmmﬁmﬁaasﬂums
dwiuindanulnih pnndusiwsnimislugadndumimils feenisdesinuidenuluihd
Amurlaanuadisssniteauansatunsdaiuiidelniigean (Total  Transfer
Capability; TTO) Aunasiuvesiiasulnii a an1gnisviauiagduresssuy gy
ForimuanisUszidiumwanansamsdsihuidsnuliihsdeguuldtinisusudgdud 2561
Tnganznssunismdefoldvesssuulndiiideonsnuvile (The North  American
Electric  Reliability ~Council;  NERC) lagnisnaasuazldimaiinisnisAiuwisnisiva
frgaluiuuusn (Repeated power flow calculation) Faiagsynsifiusesulnanuazan
seiutdamdaluiuiivhnsinw wezasnaeuiteulunsandadasinvesszuuluiide
Bnsruunisivamasliin lnenafialranvieanmdnisudndeaznseiaunseiiain
nsazdladnsiavassruuinty Tnsfinrsaludnvesanuaiesninus sl (Voltage
Stability) IegszuunaaeulunisAnwiaglddeyassuumatiinysemelnguiuselugae
ANABINITINANEEA (Peak Load) m1uuWumsHRIIMANERYeIUsEINAalng (Power
Development Plan; PDP) atuusuusel 2015 uaz2018 (PDP2015, 2018) uazdoyaves
mma’m7izf[,uﬂ’ﬁm5mVL‘V\I‘Wmm%aﬁmumiué’mmﬁamﬂﬂﬂimuammLLG]'@%IN"LWWW

(Power Purchase Agreements; PPA)

1.4 Uszleviifinadnazlddu

141 @nsaldidunuamnslumsanwinansenunasnsifiuanuasesanliiu
iz‘u*ul‘v\lﬁwﬁwé’qLﬁaﬁmumﬁuﬁﬁmmzauLﬁaLﬂuﬁagad’sumﬁﬂumsﬁmumLﬁaamgﬂiqh\lﬂw
Tmivsegunsalyawemaslwiiaiouluwnuimmunmamadnlnih



14.2 annsaliifuunmalunisauguiidsllinuuamedwnenisimuaieios
AuialwihnevausmdnivangauiiieannisznanvesansdsiuvnedimniAsmanisailsl
AARRARTUluTE U

1.4.3 gsaldilusuimslunisusedudaninuanunsalun1sdaiiundanuves
avduandufsivenienuliiafosnmduussiuliihfanindu

1.4.4 THduteyalunisfinwinisdmiuaunisuaginuiniouwuimiesnegluns
ueasiunslazanuansguiiiensrdunLaiesnmyesssuulifihadls

1.4.5 Wdudeyalumsdaiusunistestufive iledestunaziszuuluiinmgs
nauAugluan1IzUn

1.5 ‘U'é]UL‘UGILLﬁ%%UC‘l@uﬂqia{]J‘EJ
TuiveninusatuildiBudnulunsadszuuhdsinilussmelneTnglidoyaves
sruvlutheissuuiamudesnsuiinailvangaan U 20152016  iiieldiduszuuguly
msﬁﬂwﬂmﬁmumauLwé’muwﬁfuagJJ'ﬂ?i -0.95 99 +1.05 p.u. lngUSunanszlnanuesany
dslsithiu 100% wazidlevimsAnwunuinmnidsnisnanussmalnenuiuua b vesnis

'
a =

WiNTuvadlasIN sRaa e nna s UL I sl RN E NI WY AR kEI RS UL LY
[~ o [ 5 a r:’; 1 ‘:gl’ = a & o dy A A
WU UINLINAITUIIN NS ALY s A ra1 v nimadanson1sAINUANUN A
winzanlunisinnenazdrgliszuuiinmmueaiivsnmd iy lnedunounuidetuannsaasy
Tamatd
151 @nwimansznusaszuulndiiidinianziuseniduunielszndlnelae
£ 1 a a o w a (4 a“:i dl' 1 [ o ] Ql'
gniegensaimnsruuiimamdnlnihanleasiwadneusosglussuuiuiuannluge
lgaaisiwadluaiuisondaiidslnilaluvaenssuvdlinudeinisvsunalvangag
Wzl e Ui usseIaInsHan lnihanleansiwaauuaslinseungussysiaves
Inannilanudesnisaadazdmansenudeanuatesnmszuuegdlsive davidetauouuy
wwImslunsufiansauasluganaidangn

152  nisanwnnadaiianinuaiunfmuizanluni1sinsadssludindaanu

a | 2 & ) a = A B3 a = ' ) a
nudeulni luiunanenzTusendganilaweissuuianutavgulunissessudsunu
Tankaziiaan1suanlasukuadlagiUseuiisununisinsansaeniinlndliwuunseane
(Distribution Generation)

1.5.3 MsAnwImAtAnNIsAuAdn Uiz adlunsannesuaeniasaulvii
@diaulusguu (Static VAR) Lazn1si1nuseasaan bl lwinnauausandnimuizauwiie
mvAuiasliidsiuvuasdwieanniselnanaigdmnlasuniseivaniusiudanis
Uszllunmnuaiunsavaiai baiva (Multi-Lines Bus)

1.5.4 msfnwimelialrailunisussiiudannuaiunsa ndeglunsdesiungsay
(ATC) vuanganianazldvavaninmiuaiusansswuiluulutaannnlunisiiulnanse
P ~ ) ) A o a o o
paalin1suiuusasaiulninieshwianuadssamussiulussuuwasdasiulgmaiiy
nuUurImasulningsnu (Power Flow Congestion)
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Tunns@nwiuuaniadiionisuivugaunuimuriidinisndauazenseduaing
s mszuulnihimgs ldnednusilaudslddonlunmsinwesndu 5 undhefuds
Usgnauluse

wndl 1 namienuduinuareuddyuesdynilunuise AU INLNBUAY
fguszasalunisfnen nguiuaziudaildlunisinvinadalwqildlunisuivuse
WU THAIUASINERLAE BNTEAUANLLETYTA NI ZUUMEINAN srudsuszlevil aeulen
MsideuazuReuMsAnY

Ul 2 NaNFNTINTIN NufiauaissnmuTsiy (Voltage Stability Stability)
ANuLatiesnInyulsnes (Rotor Angle Stability) LLazmmmmsaﬁﬁaglumidqﬁwé’qmu
InlflnSewya (Available Transfer Capability; ATC) vasagds wazhnAnnaaLianis
Ysuugsanuadiesnmszuulniamee

unfl 3 nadesnuiaun i snaaluding 2015 waz 2018 (Power
Development Plan; PDP) uazAlpnunienwedlssliin  (Available Declaration
Statement; ADS)

Uil 4 nantanansideuumanaia welflunisuusuwuinnmamniswdn
LazEnsTRUmLER B sEUUlR S muTeuaLasTuReuns AN
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NIMTUANUATNIMENTANUENNALY IS 0IUTUTOINES wnaar Tuiuiinae
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Freassludesnisudnlnildegesaiiies viouinseisssuuansdefiandousde danani
onadudadousnglunsiansanituiilunisinaddsdin Auiildsunansznumeiiu
adesanusssulninfidudmidivasdurderldlunisfiansanlunisinaselssdui
v3eRamsgunsalileiiuauduadlifuszuy sawdinmsldimedalmlqlunismuauideny

I azn1sUsEiumNaIusansaalun1sasndsnulniivesaneds wWislissuuiainu

a i Y] A & o u  a a v aa
EJ@MEJU@QIUﬂWii@QTULLNUﬂ']ﬁG]@]WQﬂqaﬂNamiWﬁqLLagﬂimqmﬂ?qﬂJm@ﬂﬂqﬁiﬂaﬁﬂﬂﬂqﬁ

Wasunlasmasaandsiislaindaiudamiduedtedenaiulunis@nenidetdaladnu
P ) @ o w a 4 a Y 2y o w o v
LI UTUU Jau Ui aIN s aa AR i ussuuliih i aslneiade

vanluunilazUszneulUsmenssunssy nquinineadedumAde wasmaialuauide
2.1 7550uN3INNNLITaTUIUIY

Tuns@nunillushnisnviuuamaiiousudgmsunstauisideinisiauas
gnseRuAIERsAmszuU LN & Femsdaiiunuiamnsgwaaliiiduiianuddey
HueerannsoauiuasiundsnulnivesusasUsana dnuuszmdlnetuldiing
‘U%"UﬂiﬁLquﬁwé’aNémashwiaLﬁaﬂﬂﬂumsﬁﬂwﬂﬁﬁwmsﬁﬂméﬂu'aLLGiLquﬁwmfﬁ’ﬁé’wﬁmﬁu
U 2553 U5UU3e (PDP2010  rev.3) uagldmunduwnuimuiidindnatul 2558
(PDP2015) wazargaladinisufuugudusnuimuriawadnadul 2561 (PDP2018) [11,30]
ey aufuannziasughanagnisveneivesUiinalvanlutiagu

FafloRarsuuauiidenisndsnuininisvengfaduiidanisudaliiiegng
sodedlngianizUsinunisiafasidainisaninanngundaunaunu lneidndnuas
LLmumisusna@hmaaazwmaﬁaﬁwgﬂaﬂﬁgﬂmsuulﬁ/\lﬁwﬁﬂé’qﬂizmmimLﬁummmuﬁmm
uiaznledndlyihuiiinuiivnzadlunsfindaadosudalrfivdomsaeddsini
wailoutiioliszuulniiAdaldusslovuasiimuiaiosnmgeganas A numuiuiuyos
rdsliilnafiinduagiinisusaduanuifunsmestad - lavdaedadls asnsulfesslsdn
aedadulnuitanuddglumssessunsdwiundsumniiansdaduladuniegnuan
ponuazarifsmslosiuegnilaiieliliaodsldfumssivaniuodidlssmfadifuiluudly
Uszilumnuanunsafifeguesansds iteldlunistostunaznasilunismunuuessyuy
Il dslunsududsaunuinmuidmdaludiunsimuniiuiifadaaiosiuialiii
w¥srumanmdlmidulifnuidelunsinisnsuasmadalun e mesdimanuiivanzas
Tunsinsslselafindunisiansaunieantddinigagds duivddmiuiuiand
[13,17] wagiinsiasiesianuiiaziduainanulisiusy anidsliirvesssuuvisaliln



dmsusa (Plug-in electric vehicle; PEVs) mdslniivaadestatuan faslnihvosunas
wEnaseniing msdiinduvedinan siedeudasailiii (18] Fslumsinunddeduld
fsannansznuiennaldadosnmiuuseiy Winadasuiunsdivesnsiuans
Iramdslnil (Repeated power flow calculation) AI8AITIATIERINNWNANTENUIINANT
inTuvedvanlussuunasranseumnmsanidnisnanlussuu fanedaildlunyised
szl uiuiinlasunansenuduuseiluuinanta

Tnswnadadsnanadseamisavszgndlunismiuilunisindsgunsaiuad
(FACTS) wushomwerdabiiiiaiion (Static VAR Compensator; SVO) @slusuduninive
¥insemeilunsivuniuiifadgunsaiumas (FACTS) 1y nislémsimesiananiy
Launalusyuulnihiings [19] wasiasanleglddanedfiuum-§33ain  (Meta-heuristic
algorithm) [27] lagfiansaIn15anfunulagAUEDesNINYeessUy tun1suseliuainy
fumawesszuuliimdslunisinuiuiinuddaddunuideidlgdnunasinauenis
‘UizLﬁummﬁuﬂwmﬁamaﬂﬁ’dmaﬂmmﬂmﬁﬂizLﬁum%mmmmmmmaaﬁummaaﬁ
(Availability Transfer Capability; ATC) Felumsleszinazyssdiuadnnnuaiunse
ANLYADVDIAI8EI9EIATIZNAINAITATITAAIUAIINTBUTDIAUEY VATIAAAIUAIY
WResANUSITY wazaaiesnmesosiuda i Felumadeiladavenisinsized
nA1dasafaduaudouvesarsds deviilinsudasatmesduiimnnuinia
ANaNsaawndetiesfayliwnunistleatusely lunisiawnudestuiiiefinda
anuaEnsalunsdmdsnuvesaeddunuisoiuldldndnnisanadesindnlililis
Anudrylunsasnunasnuvugedilagldnatinnisitasisiaaulinisinamadlain
(Power flow sensitivity) [26] a1nALWALADSIAULULITUTN (Generation Shift Factor; GSF)

Tunsuszliudaminuaiuisansudanseanunsenldnuaiuaiuisalunislou
(ATO) warn1sdnnsanusesavesaeadlusyuuliinduaesUsedufiddglunsiiueu
eifiunusiunsvesszuuliin nanedsdinsaneleuddsiniigaiuaziinanudeme
wavilisyuuldiaies [33] inwansevussnansuduegnedfidesdinsfinuiesziuay
Uszifiu - mnusfunsuedszuu [6,29] laglannzdaauainsonsndevesgunsalifiadnyi
wiunstestunisadeausiuamesssuulninmas Tneluudinisaneloundsnuluae
dausiaziduaziinguesesiudnlwidiilnnuddygdunsmunuauauuaz nsleundaany
diesesfuilenisivamdaliudsuuasly

nsanvunadalmilunsuszduen ATC dlaldmsimssiaalmdslniilva
[26] lunsivun nguedossdalwihiidanudfygedmiuadamnuamnsaidegluns
darundsann (ATO) Wuenfivsuenils auanunsafivdosglumsdsiundanuesansds
Mnnguiusismislugdndumimils Sarrnsasiumdslnid dsualdanaadig
sgminanuansatunsdsiuidalningsan (Total Transfer Capability; TTC) funasu
waaiaslii s anmgnsvinulagiuressyuy sudeinuanisusediuauaIunsanis
dariuidaliilnepaznssunsanudedeldvesssuuliihmdewsnimile (The North
American Electric Reliability Council; NERC) [22] Fansfnwinsussiuauaunsed
waeegildgninlulflunsseiiudanuannsanisderituresaisdefidndy 1wy n1s



Usedluaedadeurosewinaiuil (23,28] vie msdouseseiud [14] msuszandldluns
UssiuanusiunsvesiialadVauasdnuimansenuanmsindauaiosindaliimdany
wasenfindvualnguaznisdsuulamesen ATC  vesaieaslussuuszuubniiingds
venanisldiimsthiauemaialllusmuannisussdue ATC vesaneds [3,10,31] iy 113
Uszifiu ATC 91nananinasdy wuunszanelasniswenuezanniiivangauuas n15Ransan
wdsuamduszey 9, nMsusaduanuaiunsalunisasleniifianuiiasduluaiunis
finsanminensisleguazifeglusuian uazmsUszifiumnuannsalunsaneleudisley
Tngldia3asnimesatiuayu (Support Vector Machine)

?z’fawamsﬂizL:ﬁuu,a::mwﬁﬂlumiﬁmzumdwﬁ?uﬁu’]mmauaiji’qLﬁamsmq
uunstestunagnanidsdailissuvaneddldiunsgivanifuuazuiulgeen ATC vosane
dufiosnszsudnAuaNT0d N IUNE 1LY msﬁmﬁ?&qﬂmaﬁ FACTs [16,21] wagiiiy
AMULEDETANTEUU LW AE Sl msﬁmﬁ%qﬂmaﬁ PMU [32] Msfinunaanuiifivangas
Tunshndaedesiudialiiuuunsyane Distribution Generators; DG) luszuu [15) uaw
nsmuANszuU i dsen sdniasdaliihlivnzan [12] delvsruuduliifaiym
anuvunuiufdslwilvae 71 FadudumaliiAnnisldsunssinamiuvesamedaazdie
andslvlihgadelusyuy (20] wagilmnuusendadusuyulunisnaaladi (4] uasdadi
anudeielumsinelivessyuulniinmgs uavadreenudeduduasugioagndsny

Tnelunisusediu ATC azimuasauaIsanisasnulnesiunelidndaia
AuFouresay dsdasidnauiadssninusaiulniituasindidnannuaiesniniedes
udalwih wiumeaudinguszasdiiessunan TIC fula Srfanauaiunsonisnde
3o ndaliila (Generation Dispatch Limit; GDL) Iﬂaﬁmﬁmwmjmm%qﬁ%ﬁmﬁﬁ
anudrfylumsdeiundinulasldloyadunanesiauiustudnl (Generation  Shift
Factor; GSF) 91nmsatasgsiaalavesnislraveandsanuis ﬂﬁjﬂJLﬂ%aﬂﬁﬁLﬁﬂﬁﬁﬂ’l’mﬁWﬁ@
Aonguiiilen GSF gegn MnsumNNAUANTASS GSF g9gmgnane Mg GDL S¥UUMIUANNT
aadlusii (AGO) a¢liianansadsmsiileiiuniswaniiiosesiunusosnisinanativayud
dudulunaniy wesmnlnaniinduegseiosiunvdwmasonsiulaanasauniianl
angsvesusssuliinssuUIAnty [5,25]

nsfnwafaildssuulnihuessamalneildumaudlalugasdeyalnangeaalud
2558-2559 dmsussuugnu [11,30] ludsemelnanisdsgnelnfinlussuulniingnaiunulng
AGC anglamudaunuLiay@ (NCC) TRUNLNNUALS Y EEEY FaununIunusTzduazd
LEUNISRwASaTlUTmite NCC - Tasaeunuainaiaundouvastsslnin (Availability
Declaration Statement; ADS) #iflegannlsslwiiusazuvissniuguanlvlingeidnun
(VSPP) #1 ADS Tsalwihusazuisazunnsnafunelddyadevisliin (Power Purchase
Agreement; PPA) Falsalnimdniianun (EGAT, IPP wag SPP) agdiosdern ADS Tuiudaly
Tfuienaunusozau



2.2 ANULEDYIATINUIIAU (Voltage Stability)

ANUEDEIANLTIRUMENERT AuEasatunsShwkssiwresTanna Ualussuy
Teglursiiansuldvsluanngunfuaranmendminianissuniudulussuy neild
Jaymiatosnmussiutudnlngsintuiilnanda delnaniaudosnismeliinduto
awilinsvualvaludivaniutuduientu Swdmaliuseiulnihanluaedaiutu fadu
wssdulnlihiilnantafazanas uazdrmdalwihiluanvafiatunnniisidslnihgegnd
Tnantasuld asiliussduilinantatunnasediennigs fadsnmnnisaiidn mafmany
Y9395 (Voltage collapse) ?z'fﬂeiaNaiﬁizwlw%ﬁﬂé’qchLﬁ&JLaﬁ&JimWLLsaé’fu

2.2.1 AUEAYTAINLIOU [5,25]

nsAnsauadeTnmusutuasnsaldszuulniddsaeadalunns

[y

asuwAuIMELarAIinA LU Ula AU 2.1

EZo VZ0

D |-

Genérator Transmission line

JUN 2.1 ssvuiaslihaeada

INFUN 2.1 WeRAsukssAuadssuukasUszenalingussnuvasaasvenilunisuans
ANuFuRuSYaILsInulussuUlafaLEAIlUANNISA 2.1 way 2.2

E=jXI+V (2.1)
30
£ o YN (2.2)
JjX

dmsSunaadeatoaunielou

S=vI' = V{ﬂ} (2.3)
JjX



AAUA LA
V a9 wsasunlrania
& v aAd A o A 4 o a =~ '
E 79 hssnunvmsevaneaiaaniilalnddsuse

S Ap yuinaa

FITUANNAUNTT 2.1, 2.2 WAy 2.3 azln

s

S:V[£45—900+jq
i X

2
s=vE so00-5- ;L
3 1 X

2
S = Ecos490°—5+jEsin49O°—5 —jV—
%" B X
2
S:Esin46+j k4 8P K ) (2.49)
X % X
FeuaInaun1si (2.0) annsouansindalniigse (Active Power) lgssaunisdi 2.5

P=R,[S]= V—)fsin& (2.5)

wazaAINNSOLaRIN1aI AN SwaRRn (Reactive Power) la9saunisn 2.6

unuluaunsf 2.5 uay 2.6 freaing ve o, p= P‘f q= Q'i(
E E E
e
p=vsind (2.7
g=vcosS —v* (2.8)

INUUHNAIAIFDINIADIAUNIT 2.7 LAy 2.8 Lanaauni1si 2.9
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Vi(sin? 8 +cos’ &) = p> + (¢ +v*)* =0

ViV Qg -D+(p* +¢%) =0 (2.9)

wszazduaAsuliidn v aglassaunisi 2.10

1 T
= |=—qt |--p*- (2.10)
v \/2 g\ =P 4

N@uNsT 2.10 ansnsandennstmyes useiulih (V) vuszunu P-Q-V fauans
Tugﬂﬁ 2.2 %qwﬁLﬁa’a%’mﬁmmazqm (p, 9 ﬁaaﬂ%q%uﬁm%’uLLsaﬁu"LWWwé'uﬁULLiﬂﬁaLméfu
g9 (Stable  solution)  Buifuussdulwifiindusieiivanardnagranisdausastusii
(Unstable Solution) uaudgnsuvasisaedlegiuiivesusssuliih (v) sedeviiudaandu
amaalniiasgn

JUN 2.2 msifpunuasveussiudanionsiiuves

[

MAWANNLALILOATIN YDITEUUEDIUE [8]

2.2.2 33n153AT1ZNAULERYTANNLTINU

= 1

lun1sfinyiualinsigianuaissnmusenulsiograigdsnisaigiu g
an ~ ' ¢ = ) ° P aa A
35157l lun1sImsIEARNNLED IS AINLSIAUANN A UNean ety 4 A5n15Ae

1. M IATIEAMENTIN V-P

2. NI IATIEHMENTIN V-Q wazmaalnindseq
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3. MIAATILNLALB1989 Jacobian Matrix NIALIFUNINATE
4. MmAeIzinIsinamaalniuusaies

FUNITUATIEIANUEDETAINLIIFULUNNSANYIFeTaLlEITN15AT1E I8N V-P

2.2.3 n15AsIzHnlensIvl V-P
5 dunialudsnrsnlddue g1l nInalsunInI1sILATISMLADYTAIN

wssuliihtaggliniudrnnuniouniiegrasidlniueniivneunszfigayatseiua

¥
ada v

aane BaanuInesungveInsAnuIslmeszuudesa Awanslugun 2.1 uaganaunisi

2.10 men V' aglddisannisf 2.10
(1-4g—4p)=0 (2.10)
auuAnlamniesuiamesaazlain O/ P=k  (AsW), wazamsalanslafsaunIs

2.11

1
pS%((l+k2)2—k) (2.11)

dgusuan P Tuaunis 2.11 anunsamlaannadnis 2 aunsaauanslugunisya 2.12 wag 2.13

11

1 1 t
W =GPkt (= pk=p)) (2.12)

el

1 1

b= k=G pk =) (2.13)

wardmsuA1aswed ¥, wag ¥, anansauanslalagnismaisinfiass (Square root) #eagla
dunsinisuansluaunisi 2.14

1

1 1 .-
——pk—(=—-pk—-p*)2)>0
(21? (4p p)?)

P> +1)20 (2.14)
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FITUINAUNTTN (2.14) AIAIULANAIVDLNILIBSHNALADS, ANANULANAAUTIBY K |

Alvanwaniinwiesanunsawanslalugui 2.3

1.2 T T T T T T T

tan = —~0.41

o8k -\ T T Attt T EILAELAER . SRR S Rl
0.6k b
0.4

0.2

il

X
BT

JUT 2.3 N9 P-V vessyuvaadausiaziniesuianes (8]

2.3 anuERgsnImyulsnas (Rotor Angle Stability) [1-2]

a o v o P =Y
AMULEDYTAINVDITEUUINH AMFIUnLNe8e AUEINSavRIssuUlndnNdang

hauedlasegsauna vsedeegluan1izdalaslug (Synchronism) Tuvaeiiinnissuniu

Funuszuulaii Teelunisideiauillavinnisdneianutadesainvesszuuininindeialu

ANNZAPALAZIUAN NI U YA 1PeANUED gAML UUN TR s udazL T uAIudURUSTA

Nedeeiun1sneuausveesruuliifienI1ssuUNIuee19ULse (Large  disturbance) 9

Nntusgraiunviule sgrau nisianeadnaeds n1saInddeangds uazneldnsaade

gunsalluszuuulunsal wsesiillaliii vidfoudasussdulnih viseanvdsgnianeen lny

dananfogluTnasonisiUaeuwdas Masliin usivedlswes (Rotor speed) yurings

(Power angle) wagnisangloundsnuluiluseuulniames

2.3.1 SEUUNISINIUYDIATDINLA TN

pla

R S
LATBIAUATET

3
e | g™
| erasAudialibin

nezfu |
l ’ A = szunlvivin
c anauen

o
LATEATLAN 1 i:

usadulyifn

UM 2.4 asesdnsuazgunsaivanlulssluiimly
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> PSS L Vexc
e Vcltag: Cantmllr-zr ’ Voen
1 Stabiizer [P
Vpss aYM boen
peessssssssssessssessessesssssssssssssssssessesessens . Synchronous g
H H Machine w
‘p : ;
: PCO _AL PMU Hil gen
: Primary Controller Prime Mover Unit |1
i :

PCU :
PrimaryController Unit H

Ui 2.5 wuudrasaeesiudalidinlulusunsy DigSilent [9]

fmﬂgﬂﬁ 2.4 uansduusznauesasdnsndnlulsslngi e?iamﬂgﬂfwﬁ?ulﬂu
szuudassedlsslniimdsnumindousinuuumantion (Sincle Shaft) Fuadeadnsudnly
Tsslihazdsznaulngie wdestafufng Seazdmifiudsundsnuanudoudundamu
ﬂaLﬁaﬁqﬁwé’ﬂlﬂmul,wawaﬂLﬂ%@ﬁ%ﬁﬂlﬂ/\lﬁﬁ, w3earudnlniihd sz i fasundsau
nawdundanulninlagagyimihimfeuiudy druiriosmuauussiusaluli (Auto voltage
Regulator) uaziAfaanszuliifi (Exciten) 903Ul 2.5 uanauuuiaeveslsdlulihvie
wiesiidaluihdilalunisanmanuadosnmvenaisssidalniihlunisfneuasinszs
anuadssnmlsiaes vesmsiasuulasuasnevausssosiudalulin daszneuse
4 drudrrglann laun

1. nSessnsnadalasida (Synchronous machine; SYM)

2. 1A3e9urigs (Prime Mover Unit; PRMU, Primary Controller; PCO)

3. Lﬂ'%laammmmﬁuh\lﬂ'} (Voltage Controllers; VCO)

q. Lﬂ%qmmmmmLaﬁa'ﬁmwﬁwﬁﬂw% (Power System Stabilizer; PSS)

Fandnnrsvinnuiiluiedessndalndiazvintiimasundssunatdu

was i laemaswiuazanusisevrenasesnnialniy  azgnatuaulaeiasesiu

'
v =%

fds Falaevhluudiniesfumdaasvimihasundsnueudoulidundanumanaiiie
dsrdslutulamesvenadasiuialiii Fanismuaubuazrnisauaudsndiamue
(Control valve) Fsagviuniidioutsinadomaadeledniluduaiosatuuialunizmn
ndl viousinalethdmiuiedostoiuloth dwmsuludiuvesnisauauussiuluilives
wosrdnlwihduazaiunulag idsnuauussiulaii (Auto Voltage Regulator; AVR)
Tnenslounssiuliindrlugiludgnvedsinefvouedosiudalwinioadsauuuwimin
Tyl waztitolimdslniihfinnaaiosnin azviausauiuiaissmuauauLaiosnm

Maglifin (Power System Stabilizer; PSS) @3an15¥%1191un135AUANIEYIUlTEBAAG DAY
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nsdsuulamesdilniwasainniisevreaadesiudaluill Faaunsaedureszuy
msﬁwmlﬁ&ﬁgﬂﬁ 24 Taowadeadsiuniavioniastuiuletosndnussinniana (7))
muienensvyu neusedaniena (7,) %mmiﬂmuamléﬂmmﬂﬂmﬁmazam%@Lwaq
deanlndvenniosioiunia Gas Turbine) deUsinalemidnaiesteiuloth
(Steamn Turbine) Ingldndrmuaudaussiafaedonavhiuussiuvesusedausimndnludih
(T) ﬁLﬁWﬁumﬂUﬁﬁ%mszw’m auuulnanvodlsinosuazanesveuas o finlnih
Tnofussdawimdnladn (7)) aeflanuduiusfunisvdsuwdasidsludih (P)  aan
(P.=Tw,) wazfmuauIzinInsIndanusseurewna (o) Tndsauulianand
WiRavsedmualivilng (@) uasfasvhnisuuamudlifudnanehuamisl dady
anuduiusveanssdanienasvwindunssdawiwdninih (T, =T) wandlelnanluszuud
mMswasuulafavdmansenusausedauivantiin (7)) SoilnAausadase (7,)an

1 1 a [y a 1 < [ =
F"TJ’]ZLILLG]ﬂG]’NiS‘Vi’J’NLLN‘U(’W]NﬂaﬂULLi\‘i‘UG‘!LLlIL‘Viaﬂ‘lW‘WW Falansluaunisi 2.15
d [ i \ &y (2.15)

MAUAL
T, @9 u3a0nss, (Nm)
T, A9 w39UAMAININNaTOIATOINIU, (Nm)
T, o usslawimdnlnddunduresasosiiialui, (Nm)
=) < 6
w,, AD ASIVOUNANINOT, (rad / )
P e Masdlasannudwdnveanseatdaluiy, o)

e

P @9 MAININNaY89LATINIAY, (W)

m

2.3.2 mMsnyulsnasuazaunisaie [1-2]

NSANYIANULENEININTDILATDIINTNATINATUAZ 2 druiidAgsan1sm
= A 1 s A J = PN Y] o 1% [ 1
ANUETYTAIN AB ATLUUARLLTNLaEA1AMREeAN Taenaluasivuald A Wud

ANMURBEAN TIANUTVLPINEUNTT 2.16

H="£_2 (2.16)
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Tagnmuual
a ] d' PN
H A9 AANR08AIN, (MJ / MVA)
& 1 1% 4 1 a a @ a %
KE Ao Andsnuvadasaulunndiuivyunninusigalasia, (M)
J fie Alumuianulesvenadiunivyy, (kg —m®)
o, A9 A1ANUSITNATTATIY, (rad /s)

[ [

G Ao ANAANISIUDLATDIAEA TN

INFUNTTN 2.16 AUTMIAINIaIUazaUlAGIaNnIST 2.17

(2.17)

) = A v = v a a Py PN
LLagﬁqjmﬁﬁm6]Lﬂaaumﬂjﬂﬂqi%l“luiﬂgﬂiﬂLNU@ML%QHN I@anﬂqiﬂ@ﬁuqavlﬂ@qalmqiw 2.18
M=Ja, (2.18)

AatiuunuAIaNn1sA 2.17 asluaunisin 2.18 ezl aunisnasiuasay @
aunisil 2.19 wazdraziarsamdlsasluausudaulaeslasdussmnigdniiogled

AN 2.21

GH =1Ja)§ =1Ma)s (2.19)
2 2
u=21 S (220)
o, nf
N (2.21)
zf 360

lngimualn
M fi9 Vs, (MJ —s/ rad )

NAUNTN 2.21

GH

=—— | MJ-s/asmmmalni (2.22)
180 f

TAEUFNNITNINAINAUNITHTIUALTIV9L5L995 LilaszuulnfA1a9Tinng
Wasuuwdadlnaninduasiandluaunisi 2.15 Tngluan1izasds insesdnsiniazmyusie

ANISITAlAsTE warneldannensnudeudaniindnsiswedamesd Ainan Weussdagn
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nsgvibiiinlaelsnes aeldnsniadam (o) Andu driwuald () Wussezniaves

aunAlaquulsees AUaNN1TENT1Se (@) aunsouanalinsaunis 2.23
a=ra (2.23)

Taemrua L

a = a a2
a QJWU’JEJL{JU LSREU / (UN)

ffinnsaninnavedlsnesiiuduviueyniaun Tl wiusaiielseynia

178 dm azdulumuannisi 2.24 azla

F=ma (2.24)
dF = (dm)a
dF = (ro)dm (2.25)
waussdnsaasdudannisi 2.26
dT = r(dF)
dT = r*a(dm) (2.26)

¥ng Buditnsm aunishi 2.26 asle
T:jr2adm
T=aJ‘r2dm
ﬁqﬁ?uammmﬁﬂL'ﬁ'qm%ﬁmnaﬁLﬂﬁauﬁé’aaﬂﬁmul,t,amé’mumsﬁ 2.27

I'=Ja (2.27)

1A8NAUA A,

J #9 AluufAnuiley

AU AUNMTINTNIATY (@) aunsaleulanaunisin 2.28
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o = 20 (2.28)
dt

AILULNUAANNTITA 2.27 Tu @un1sA 2.28 92 laauniIsusa0ntsd T9aIunsaeuaunshana

AUNNST 2.29

7=79 (2.29)

dt

o '
(% A

Tunsidsunvedlsinesiaiesdninadslasiaasiiuluaunisiaaoud
wuulawndind 93U 2.4 15aunsadeuaunisiadounwuulauindle e1fiansawsed
NUNANTUIINAUFANIUN LUTII0415L00T LTsauUsne LaztsIUnduaAsaunIsn

2.30

do,

5T, T, =J =~ { Ba, (2.30)

(%
P Y)

WHLkSaUANUMARTULY TANesNNTI@INNTazIUle e uaIusaeuannstualasg

[
&

aun1si 2.31  uazillegmann1iniy o, ieaestianuaglaaunislniladeaunisi 2.32

way 2.33
AR TR e (2.31)
dt
T, -To,=w0,] o, (2.32)
dt
ala
fomy Vgl (2.33)
dt
TneAmuali

P, =T o, Ao A1AI8IMINNAT0LATDIIIIUNSOLATOIRUNIAY, (W)
P =Tw, fio miaudoswiniduanlnivesasesiudalai, o)
Tuanmzasiinluinissuniuinduduszuulniilsiwesvaaaiasniia

Tnihasnyuiennusing deaunisi 2.34

do, _ (2.34)
dt

FINUALNITIUANIZAIAD ANUNSOWENILARIANNTITA 2.35 way 2.36
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P -P=To -To, (2.35)

P =P uss T,0,=To, (2.36)

wighszuulnifnmgnisalsuniudu aslinavilvndmianandeulviiu
wiosnudaliiy (P,) wazAidsluiihvieen (P) azdailuvindgu uazluvuzifvaduaziin

a oA v o A v I Yo d'
LLiQ‘U@ILiQLW@I‘VT?S‘U‘UﬂﬁUﬂuqaﬂTﬂgﬂﬂmﬂaﬂﬂiﬂWUQ Iﬂﬁa']ll"liﬂl,lﬁﬂ\‘il@@ﬂallﬂrﬁw 2.37
P=P,-P T, 237

Tnefuald
T, AD WIIUALIY, (Nm)

P, Ao A&y, (MW)
FITUANNTHSIDAT I AT LN OLARI LA A9ENNSA 2.38

T =Ja (2.38)

nEUNST 2.38 Wieunuatadluannisd 2.37 Weuaunsiuyllasiaunisd 2.39
P =(Ja)o,=Ma=E, =P, (2.39)

d‘ a9 v Y a | oA o W _- 2 &
LllElﬁlligGIIVLLﬂ‘IAEJNENW.J‘UEJEJNW@Luaﬂ Iﬂﬂll@mi’ni’&L%Q?{NLUUIUG]’]NWA’]@JLTJ

Falasuaretuazlaaunish 2.40

lnerivualy
o, f9 ANUSITuuTlasia
6 Ao yuswmiwesasasInsnalniiivainilag

§ Ao YuunusulenaIeadnsiniieuiuunueneds

S=0-w1 (2.40)

N13ANERIINSURBLRAwBINWIUS L UsuaN sam Lataeviin sAn
weisuleainluiaesdnwesaunis 2.4 Fewsldaunis snsndudauiisuiuunugneds

do deo
—_—
dt dt y
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WALANTUIONTNIIE@LTaV A LAeN1SANINBLS U HaLUN MU 9ER 999D NASIA9aNNST 2.41

d*s _d*0
06272? (241)

= < I 2 a s do a .:4'
INANNTN 2.41 ﬂ%L‘WuvLﬂ'J']ﬂ'JqllLﬁ'JLGUQHNSU@QIiLmaﬁ (d—) VCUATPNNLLR S
t

e 2 a o 21 4 do | 3 % & dd = & a 4 =
WINAUAINULSIRLASTANs LD - Winugud wazaiewmailiney - FuTudainanad s
t t
ANusIlswmasnuana1sluainanusigadasda lnedmbhadusifousnaiuni waziilownuen
@ a d' d' d" a M Yo d'
ANITATIYUINAUNIN 2.41 adluaunisi 2.39 Gudsuaunisivdladsaunisn 2.42 uas

2.43

2
asz—Qch;—sza (2.42)
t
2
P =M% (2.43)

FauaziFenaunisii 243 @91 aunisade Tasagldiduaunisiuguly
nsAnwAIERssnLULMS S dulusmumnden (M) agiieliasininanuda
Bauveslsimesivdsunlas uavenafmualilumusinde Sanedilddnnmsadaues
lamesldlsunndraluananui@dasianniiulindiinanuaiosnim
2.4 mmmmmﬁﬁaeﬂumsdqﬁqﬁq‘lw% (Available Transfer Capability)

nsuszfiudannuanunsalunisdsiuiasliirvesaiods Wunisaiuiuen
FaddnluntsasinundsnuanvanislugBdntanis Inesuavdsidenseseninaanse
sgainaiiuiitun SsAnisdwiiuidslaihifarsanaregtufuanzveafdslifiives
PUU @ At Seluudazandrmasiiinlwelussuuesiinsidsuudainasniandei
Tiandnsnfnlunisdssinundamududsusladiudng dausgiunmsauauszuuli hds
UYDINUILAIUAL %'qmiUizLﬁummawmiamiaiqmuwé’wmﬁié’gﬂﬁuaua 10
AnznssunsAdedeoldvessruulninddsewsnunie (The North American Electric
Reliability Council; NERC) [22] Tu¥ w.ei. 2538 (p.¢. 1995) dslglaumneuar oo
NsMIAIAINAINNTlUN T U NI UrTaMATINTNgdn (Total Transfer Capability;
TTO) wasaeds Mndanisluddntands Serranuansalumsdsiuidslaihgegnd
Aualdnrasuvesmmmansafimdesglunisdsiiundsau (Available Transfer

Capability; ATC) enmdsliivsaneivan s an1iznisviudagiuaesssuy (Existing
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Transmission Commitment; ETC) Afdsdsluszuvaneasfidiseafioausiunudetelsly
5%UU (Transmission Reliability Margin; TRM) waga1rindadsiidrsoaiienaniafinuainmui
Fovesfdinsnan (Capacity Benefit Margin; CBM) satuunansluaunisyi 2.44 Tngly
msfnuiaglalldfinnsuludiuved TRM uay CBM dsuanuaninsafindestluns

dsungay (ATO) asnsaruadlaanaunisy 2.45
TTC =ATC+ ETC +TRM + CBM (2.44)
ATC =TTC -ETC (2.45)

Lngrivuali
ATC fi auanunsanmaseglunisdamiundsan
TTC fo arwmansabunisdeiundsunsamasinigese
ETC fp madlnfiwsennslan i annznisvinutagiuvesssuy
A o w I | Ao ~ o A
TRM fio Mdsddluszuuamedsiidrsesnonnuiiuanteislalusyuy

CBM fs MavdsNdnsaionanInIuaAIuULyauaInaInIsHan

2.4.1 anundigvasnNamsalunisdwtuidsluigegn (770)

Arnatnnsalunsdaiungsunsedidslndasan (T7C) nunuia

o

maalnihgegatanusadanasnuantanisivaedduddndaniladaglivinlissuveyly

annzldgaazdinansenusannulii@fesninvaessuumaaliiln FeeianuaIuIsatunig

I o

W1ufidelnigeantaziidnlinanidesainiinisinaanisniiudesnisivanlusz vy

o w

maskiihdnisidsundasednasniainlinisaivay nsdanisudslussuuiaesuly

AADALIANGIY TILULAAZANITUUANIATIAA L UNITAENUNST I UL UALUAs UL UaIRaDALaN

!
v = 1

[WulRgnugIAIgInalun I TdR I unaI U a dlaenilutu agdseneuluaiean

v o v v

YAFINANTUANNSDUVDIENBES AITATINAAIUAIULENYTAINLIIAUY ANTATINAAIUNAINER
wezmuEResnmvonasesrdalii  Suduidelniiideinuluanedaduladunis
tfuannsauandldluzud 2.6 Fldlunisesurs nsdwinmmamsadsiundanuruasds
51319910 Ud @ wazva j, WAmesn1snsga1eveeniadlnin (LODF)  wareSulenis

AWINAT LWL TUTHWAMeS (GSF) Wawasesillalii i gnuansen



V. V.

f !

G} G
Z0 Z0.
Bus, Bus,

5UN 2.6 Mydaundanuseninda i uavla

2.4.2 AMUFUNUSTTUINNIEWA P was o [1,2]
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mnfiansanlvesesindalnihiweusedussuulni 3 waaugadsluy

An13EAI AetuANIlswIRTANYavedasasillabiinladegun 2.7

OV

Generator Power System

%

SUN 2.7 299saugadiduuInveesesinialnih

3U7 2.7 aunsadeuiluaunmsladiannis 246 wse 2.47

1ng

Uszgnaldngussnuveanesveriuazd miuiaudgeuaunsatanslanaunisin 2.48

E=jX,I+V

S=v.I =V[E__V}
JX,

Tngmviunls
V A9 w5IAuNII909A309n 1 0n b
= 2 dl o dl o an
E #9 wssnunilentineluasaanidalain

5 fe yumduasesindali

FITUANAUNTTN 2.46, 2.47 wnuluaunis 2.48 agla

(2.46)

(2.47)

(2.48)
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s=v|L£ s5-00° +jL
Xd Xd
2
S:V£49O°—5—jV—
d Xd

S

2
VE c0s.290° —5+jEsin49o° -0 —jV—
X X

d d d

2
S=Es1n5+j Ecos5—V— (2.49)
Xy Xy Xy

(% ]
0 =

19UUINANNITA 2.49 AANANTHNAF LA LT LEAILARIAUNITA 2.50

a

WaLANNIASLARN Uunanslansaunish 2.51

P=R, [S] = Esin5 (2.50)
0
2
O [S]=E0055—V— (2.51)
Xd d

'
v 1 o w

Faprmaslnihtuazidndnegimasluiigandmils Fegadrdeanuadssamaunsald

Y

91983leRsaun1si 2.52 TneiiAn 8, =90 158n31 ya3nge

RO =Esiné'c /14 (2.52)
d Xa

' £
v al Yo A

IMNAUNMTAINUMNTIGIEARIANNITN 2.52 TadrAansesiasanasaasulaeiail

Y 9

1. Waulvdndninveusadu (Voltage limit) Inannswnidlussuudadlasu
wseruluszuvegluyae 0.95-1.05 wesyiln

2. Foulviindndanteumgivesaisds (Thermal limit) lnganedausiasiau

o
a v A

éfmhﬁuﬁ’lé’qLﬁuﬂdﬁmﬁ”}ﬁ’@ﬁ%ﬁﬂﬁmaﬁqﬁqmwgﬁmuﬁﬁmum Andfintlazgnivylusy
Ypemasntnaluangdsluniig MVA usonsewanlualuaedalunule kA
3. Woulvdaddnaiosnin (System Stability) Ineszuumiaslninazded

AMUAILITALUNNTANUNIUNITTUNIY (Disturbance) 1o

d! Y v d' 4:! =3 7 1 1 1
Feanunsawandlanagun 2.8 B9 wmuladnAiauaINnsalunasu
Aaslnifigeanazienlained Jusgiuindifinvesatvds Indndanienunssiuliin uas

[y

InnaeNuEnesnmszuUlndn
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Power Flow (MW)
A

Thermal Limit

Total Transfer

Total Transfer

Total Transfer

capability capability capability

B
o

time

[

JUN 2.8 Fndrriasinen Nilnasderianuatnsalunsdsiumasinigege

2.4.3 FBnsusziuanuanansalunisdatumaslniigegasendnenui
Taevialunisidaudassuuiddnid e uazdun1se e iuANL Y90 e
Toawasszuulninidwasszuy nelunstiniiaanisuanveassuunidaliieawe dnssuu

niafzatunsaasuidsliihuntowdels daandduaisad 2.1

A157199% 2.1 Ansasnuidsliinseninsiiunvesszuulniniaslsswmealnelul 2015

Area Generations Loads Losses Inter-area
1 2379.00 9821.98 84.00 -7527.64
Z 2073.22 2924.00 178.54 -1029.32
3 1661.92 2001.66 56.48 -396.22
il 3329.57 2727.37 113.93 490.26
% 3870.11 2862.14 70.70 937.28
6 9748.80 3677.23 46.70 6024.87
7 4381.13 2836.20 44.16 1500.77

Total 27443.75 26848.58 555715 0
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/4 g R — — —Inter- tied lines

Average annual sum (1996-2011) 0 100 km i

<1500 1600 1700 1800 18900 = kWivm?

Ul 2.9 szuuliiihidsussmalnglud 2015 [11,30]

o w

Fadumaswinluusiagiuiivesssuulnih fdsusemelnelnsanunsouts
oonlfifu 7 fufidaetulasuandusud 2.9 lnsdunanisinndsinnisadisssuy
mMasliilagerdedeyassuuliihmdguanudenisivangsdn (Peak loads) Tud 2015
Tutlagtuiinisdnauedsnisuszdiuanuansatunisdsiuiidnilagaiunsanuaisnis
oonidu 3 Bmsdaszneude

1. Bnsdnanisivatdsiiuuuidaitsiinmfiaeandassu
dslitihdaazusnoulufemazidinfuusiuuaransslvanvosaediagyinisiinsesu
Tnanluszuy wagviinansarasunsazifindaddnvesszuulnihnmubeulviidmue Tng
nsinlvandes qaunssiainnisazdainsitavesssuuiiatu Tnedefivedisine ese
nsiaedlianusiiveiderelinalunssiunudeyanans@nwilagiiasgiui

2. msmuansluanaslwinuuimungas (Optimization power flow)
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dwhuanfiufivildugsiuiiidomisinsarieAnwuas dnsuuundniinvesszunlied
Tudeulvressuuvveauns dsiimstidefesfofinnududounarldinailunmsduinmuy
3. Fldn1sUsEINaAIEInoU (Linear estimation) 38msiayldnsUszun
wuuidaduiemdneulilndidsanniian nedefivesisioannsaduadnouldde
ATIUTING?
felunudfeildliiBnsnsduanisinaddslifuuushdlunising
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2.5 msaaszinnuliniddduinlua (Power Flow Sensitivity) [24]

lumsiengimaibhmadinilnalunsineideillddoyannuanisfinu
fefugsuawmes fe wiawesnisnszarenislnavesidslihanuansenulunsdifians
dagﬂﬂamaaﬂ (Line Outage Distribution Factor; LODF) wazuslamesidslniwesades
sudaluidilnaduasdaedsnisvenauusdudnunames (Generation Shift Factor:
GSF) Famalunisinwunamednisnszatsvesiidelnin (LODF)  tuazvinliismsiuia
USinamesanedsiignaanssnunazanedeiididnlunissesiuaisinanainnsdilansdagn
Uaenoonszuu (n-1) d@unanisineg wulusdudnunaned (GSF) tuilismsiui
Usinaindliiinluanedaduiugindmaslnidsiuananedsssudaniedatioas
USmauile Genndeyatvinlfisausafimuaiaiessudalwildesamnganlunis
muauidsliihlnavuanedaiioUssyndldlunistdeatuldliaedaldiunisyInaniuuas
Wupusiuaslisuiadladvalussuy

dlevhnsanenmasliiidideinuuuasdaduladunidussuuivasnsouansls
iéﬂugﬂﬁ 2.10 3314lun1393Une MImwInme wiAmesn1InIEaeestasluii (LODF)
NFAINIUNANIUNIUEI9E958WI9900 UF 7 wazUa /, Lagesulrsn1sAIUIUNRIAILAU
nisTudnuvawmes (GSF) Wetedesdidaliii ; anUanaan

2 Z

© RV PRl 5 O

Z6, ' s (9}.
Bus. Bus, '

JUN 2.10 Msdeiumaslnihsenineda i wesla

1N3UN 210 wanansadsdngiaalninlagaiunsns1edainaunisi 23 lods
anansaleuaunslvaaglansaunsn 2.53

y

vy,
P, =—=sin(6, - 0,) (2.53)

ij
INANNITN 2.53 MNAULALA

V.=V =1pu. uay sin(@ —0/)~ (6 —0))
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R a ey N
muummmLGUEJuanmﬂwulﬂmammw 2.54
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saumMaatninidanludada i awisamleanaunisi 2.55

(2.55)

azle

fauazlanIsasunlasmaatninlvdfva i @aunsadsuaunIsAIaNnIsn 2.56

AP, =£A6’1 +...+£A0N (2.56)
5 50,

2.5.1 uwiamasnisnszarenisivaveasmaslniianaiedeiignuan (LODF)
NsANINATNANEIN1INTEIEvRIMaTliinarsdengnlaneeniy
annsavmnisiunselnanvesangaslaniansluaunisi 2.57

A
dy = {,’d (2.57)

S

lne Ul
d, #e wiawesnisnszareidaliihvesangds [ ndwinaneds k gnuan
Af;, o mawasuwlasindsliihluaneds | ndsananeds k gnuan
£ Ao fdslwilnaluaneds k vesneuiivzgnian

fatiuaunsiasiwitlvalvdanunsananslassaunisi 2.58
fl‘new :ﬁold +d[k kold (258)
2.5.2 LU TUTNLNALNDS (GSF)

ANSAIUIUAIINASLUASULUAIUBINA9 TN Y50 aUNISVDUIULULTTUTH
wlALMes TuansdIaIUIsaLARIANNITIUNISAIUINLA A9FNNISA 2.59

a, =—=- (2.59)
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Tnefuunali
a, f WustuinuAwmesFdudmSuaeds [ Werdslnihvoundes
sudalaih i Wasuulas
Af, Ao mawdsunlasvesrindsliihuuaneds |
AP #o mawdsuulainsdsinefdalingiva i

MARANSAsUKUaIN5EI98 A8 NANAUE 7 P9TUNITANUINIAINTS
Tramaslnilluuiniedu aunsananslanaaunisn 2.60

frev= £ 1 a ApVI=1,2,...,L (2.60)

lngfmualn
£ e mslmamdalwilumeddindsaniiasesiuia i gnuansen
£ e nnslvarindaluihluaneddlmineuiiiiesiuin i gnuaneen
P fie Mddlutihdewedesiuin i gnianeen

1

wlaaunsmsivamadliilnivdsnniesesdulingnianeandaandluaunisin 2.61
T111= L - Bt sh=\\2, ¥ I o AP | (2.61)
petduaziinliasesnidaluia j FnedaeluidlfinTundunainesias

dadou vpumsasnudaldiln ; @wsulaainaunisi 2.62 wavaunisnisiuaniadnin
Indvasaniesesnida j AuAR UL Talanslanseunisi 2.63

ijax
X T W (2.62)
Z B{max
k=1(k=#i)
f;new :ﬁOId +dlk kold (263)

Tngmviunls
a s a o 1 a o a .
v, fo winwesidsdndiuveaasasiialny

A o

™ fip Maslnihasanveaasesiilalnd

N, Ao 9unuasesniilalii
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2.6 wadalnifildlun1side

Tudetiazsiinisdne wavdnaveuurAnuazinadaludlunissivuaiuid
wanzausazmamedalunisiuunesesimualiiihluniseevaussnsildsunlasUSuna
Tnanlundasiuiliiteadismnusiunsiunsidutazannisyivanuosansds wiouauosuiily
n1susUanInANUENIsanLrdelunsasR IUnasUYesanedIwuUlu (Available Transfer
Capability; ATC) iilelvidmiumsdanisvienaunuiiouiudeszuulifinnuiaiosnm
dindu Tnewmadadiozdnauetuaiuisaunualdiiudai lnonacnuisenanunlduandy
AAHUIN U

1. adafinzandniunndenseiedossdslnihmdanunyuisudifussuy
ssliilaeldinaieiansiunnsivasidelniuuurie Tnefinsandesiagiuainy
LEDYIAINLTIAY

2. matmuniiuiRncsgUnsaiuaffivatzauLaziaTesiulalwihne uausawdn
iiesnseiunrmiuasiadlariia (Multi-Line Buses) meldmsiineinnygnidu

3. 3%m§ﬂizLﬁu%mmmmmﬁﬁagiuﬂwsﬁﬂmuwé’w’m (ATO)  lagfiansu
Fasfiansdn1sids@nluiin (Generation Dispatch Limit; GDL) wagrfndsnanndauy
yudguiIanIsasziaulinistramaslih

261  wadlafivanzaulumsmuaiudiieaasasdnifindwiunmsdeusde
in3osndnliimdsnunauisudniussuuidslni
msFnwunadaimunzanlunis suaiiuideusediusyuulnginmasly
SRR A uamsinamsslniuuusihen (Repeated power flow calculation)
1171 F93alnevhluTussyimsiiiusysulnan waznsaadeuieulunisaziindnsiinves
szuulniagnedsnsaiansinasasluin Tnensifinluanaznsziiaunseiiainnis
azdfindnsinvesssuuiniy wiluenuddedldifnludiuvesnisanidmanveniasinde
Tiidandslunsinsziuaznsiageuteulunsaziadnsdavesszuulnihaeisnns
fuunslnamdsluin Tnansanmdmdnesesiiialiitusznseiaunseiiaianis
avdindndnfnvesssuuiintu lnevansdiutazdradiesaiiutailinansenuludiures
WsaRUINgeUsoAUklED IAINLIIRY
TneAsdlguniaians tusvaulnanauazanfdamanaiossndalnindy
dosanluituiiiazyinnisanemdelussuulniinsdsilutu Taveslnan (Load Buses)
wazdansasindnliin (Generation Buses) tuarldlfidoudefuludaiaiulasams
Iwa@ﬁmzmzmaéf’mgﬁ"ﬂﬂmwﬂw%ﬁﬂé’q%"’qmaﬁuaqmsLﬁmiuamﬁuwlé’wamzmLﬁsm
fumsovilissuuiiauannsalunissesiunnglnanfavfisduldegaieaudiiion

1Y

NTIATIZIHATDINITAANSINAMASaInwda WA e anlanansenuLileinnisaninaa

a dl’ o al a [ a' [y gj @ Y v d'o < v a
AsHARNAITU S U UAUNan SN EauTan lusuutuN Az e UaN I LT uA0IRne

N

= o a I a | v )~ a 1 ] o a
wsosrnllalidinlndesequastislissuulinuganguamslunissessuniselvnan ity

o v

waziaslninlusyuvanadlagimatiatanansananalansguin 2.11
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Power system
raw data

Adjust raw data
-Gen voltage
-Transformer Tap

Create
Optimum Power
System

Continuous
increase Load
Demand Factor
1step (0.1/ Step)

v

L

Load Demand Factor
increasing
in study area

Generation capacity
Factor decreasing
in study area

f Generation

Y

Out of
Voltage stability

Out of
Voltage stability

Continuous
decrease

Capacity Factor
1 step (0.1/ Step)

A

No

-Capacitor limit limit

Voltage Limit for
repeated power flow
setting 0.95-1.05 p.u.

Yes Repeated Power Flow Calculation

§ }

Voltage Limit for
System base case
setting 0.9-1.1 p.u.

Critical voltage buses and Area analysis
System Base case (Optimum Location for installation generation area)

5UN 2.11 walamdlunsivueiuiilunisiasaesosindaliii
whlusyuumaglusknsy POWERWORLD Simulator

v
[

262 wadanstuaiiuiinanegunsaiuaduaziaiestufinliineuaues
vdnflmanzay

Tuszuulriihsdunalngifuisuusestdlussuvegfudmaumn e
L%auﬁiaﬁaaawﬁqsﬁmqLﬁammﬁuﬂwaaiwuiw%LLazLwiazﬁ’aﬁ?uma%l,%amiaﬁu 1304
sdalih, nifoutastiih viogunsaiuad TuumanuilGentaia fad-ledta (Jasw
awdwasans) fdunsUsndumiudanndovesiaf-lavda uasnisanaununistesiud
anudduiiazdosdnuilasionzessddunsalianedsluszuugnuaneen Janansenuain

angdsgnuanganagynlvnisangloundsnulniiliifissned niuaiudesnisvedivanvse

'
a

yilsianedauutian-ladda losuniseluasiulaganizegnadenuszuuninissiussuuladi

[ o [ o

wasorfindvunlugidlussuu Falgmidulgmidfydmdunissmunisnisvie
weadielumstestudieannansznuluszuulniigs
frfunsnunissldinavemaialmilumssmuniiuindgunsaiuasi
wnzankazn1sumasastuiinlninevausmanlunisdestuaedfildsuniseivan
Auiteadiemnutiuaddifutanladva lusumsinuillaldnsinszdaiulives
fdslihlva lneldtegannnisinuuriamesindsliiivenniosiudnlwihniluanuans
d9re3n159 00 awULIITUINLIALADS (Generation Shift Factor; GSF) Fsnalunisanen
puustudnurames  (GSF)  suilismsuiaSunasdslninluaedaduduging
dslwihdsinuananedestidaeiadathuasuimasiile Ssindeyadviliisuden
viormuaiaiesiidalnihneuausvdnifieantidansuanlsgnaesuazivinzauilosnin
m%mﬁﬂLﬁ@l‘i/\lﬂﬂuizwﬁ?uﬂﬁa&gLﬂuﬁwuaumﬂimEJmi"?LﬂiwzﬁiuﬁauﬁlﬁsﬁﬂiLLﬂiu
POWERWORLD Simulator Tunssnaesuagiiaszinaiiioniaiosiuialuiiniiefvualii
JueSesiuilaliihnevauemdnlunistestuaedaiildSunissinaniudeaedsiiasii
nstlastuilsadumedsiidonsotusaflatita futadlaitafovadfinadonsrofuasds
Fusaonduiuluiiinanauazundsinedwaiildduazdroadrsautuadiiusiadlalda
Tnnsiasizinanisnevauaslunisannistinanvesanedsiulaldlusunsy DIgSILENT
Simulator ’Lumﬁmiwﬁ?ﬁqmamma‘uauawmm'%'aqﬁ’ﬂLﬁﬂlﬂ/\lﬂwﬁ?uﬁmagmﬂﬁmm
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w@iesnimlagnislénisiinsgsinavesninuaiosainyulsinofveaniosinialviii
novausmdntiues dddunisimusaosiuialifimevausmdniuazidonnguedos
Audalwingsian luustudiunanesgeganazSosdifuniudn Mdslwiadsidama
N3¥NUEEA (MW impaction) lAgNav@INIIALIUMAIYEY MW Impaction fuannsn
wamdldssannisd 2.64

MW,

impaction

= Gen.Output,,, x GSF, (2.64)

(Generator)

nUszassresgluuulunsfnuaiuiiansaslunisindsgunsaiued
(FACTS) Tnsiffagianzasdnsu fad-ladtauswiuingn Sslunsinuléldmaianisiney
dsliilnauvurigilunisiumdauswudngaluszuumalni aneansenunsidfisty
vadlnanluiuiinarhdmwdnluiufianas  nsUszdunnuiupsesdanawansdeiuag
ﬁfﬂmm5@mw:ummmﬁﬁagﬂuﬂ13damuwé’qmumaqm8Ja'ﬂ (Available Transfer Capability;
ATC) fidousiortusiai-latitad uazdmivgunsaluadluunanudazsjaduluiinsinsin
warsemadlniadiouainluseuu (Static VAR Compensator; SVC) [16,23,24] Tugaunns
Useiflunnusiupsiad-latda A1 ATC asfinnsanneldTaddavesaudeuluniie MVA
daun1siesgiaiulivesnisivaiidslundirusgnaudie Lauusdudvuraines
(Generation Shift Factor; GSF) kazuvlamasn1snszaleaInangdsgnianeen (Line Outage
Distribution Factor; LODF) lagteya GSF %ﬁﬂﬂﬂizqﬂﬁ?ﬁm%’umsﬁmumLﬂ%aﬁ%ﬁﬂ
uhnouaussndndmiunmsnuaunistieleusidswilvesansdunaril damamsfnuld
Toszuulihidsszmelneyusuugslud 2015 Wussuugu

2.6.2.1 svaeidslwiaiiou (SVO)
LS & o U = é’ Y Y =2 g o w A
aunsalunaddmiulunis@nuiiladaiufnwyadivaweddalniaiiou
adn (SVO) TumisldiieuSuusmnuatesninuseny yinves drvaeiasliinaton Ny
Tunsfinwtuagld yadunuusequazaintlunis Wn-Un dewesinusnines suandly
JUN 2.12

Bus2 Bus3

-

Load2

Bus1

Bus4

Load1

]
Generator l é
J SVC

JUN 2.12 wiunmiugIunsiafawaznseuanvassinrawe fasliinaiou (SVO)
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1NFUN 2.12 wnunmiugiudmiunsinnsaznismuaulagly wesinusamnes wavly
mM3finwlimves vesmvaemaslninaiiou (SVC) Haguandluniigves MVAR laga1ves
fnulszqiuanunsaanaldanaunisi 2.65

c=—< (2.65)
27rﬁ}rms

TnuinualA
C Ao AduAuUsyy (uF),

0 Ao AmaslniSueayin (MVAR),
f f® ANAUDVBIITUY (Hz),

A 1 Y Y
v A9 ALSUTa (rms)

2.6.3 wallansasn1slmilunisuseliuaduausan1 sdeRIunasuniie
Y9a18d9 (ATC) Tagnasana1aInaaInundauvaalsaluin
mMsanwilednauawaialrdlunisussdindnanuaiunsa iagvesanuds

Y
¥

TasRa1sanarnunsauvedlssliindalaasuie i luidediedudanedatasIas1erinng
AUINIAT ATC %50TnANaINs0NilaguasaedeaInAIAIINEINNT0 VeI aBYRILATEY
AnflalniineuauaanNdIuNEGuUNaIYds Feudaganedituasiinguasesniiie

1 [ =

Inlfinndanudidglunisdesinundsnuiosasiunisiasundativanluszuy lnanguiased

o
N 1

Allalufinndanuddgiinfe ndueIesinlalirndatauustudnuranesgean
(Maximum GSF) tuled Fen1sineimanauusuiiwianesasantuainsanialang
Wdef 252 faludapauaiuisalunisdsinundsnugega (TTC)  Aredrmasiniiaiy
Jennasludadevisveunazlsalndniuies Fslunsazlsalaihtunaianlamindu fadu
JEUUNIAIVANTIIAIINTNSRLLLR (Automatic  Generation Control; AGC) Aazdanns
(Dispatch) Tunismuaslunsiiivanfidanisuannuel aunseun1suanlniifdanlang
Y v v o o 2 i - o a Aa o A
WWEITRY AsiuAIANaInsoAsvdelne salungunsesnuda i NdA L uLsTUTN
LALADIEEn aliifeATaANEINITIALRE R lUNM AN IUNE I UULEEES (ATC) &9
Juwadalmifiaglidnauslunisfnuniiues wasiieliauisauesninuazidilalddniau
TAgaINTLANINTIUS B ULABUTENINNAIAIINEINT0T8 AT 9n L Ta WY (Capacity
Generation) kagA1Aunsanlun1suanmaslnivesusdazlsalnili (ADS) Ineldnsnuans
1 1 o L dl o a L dl ¥ ! ¥
AyEInsanIsdsiuidwesasesiuialiihduansdusun 2.13 wardeyariauniey
lunmswdamasiiihveawsaslsslihlussuulihmassmalneuuudud 2015 galdly

msAnedlawansldlunimnuan n.
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Generator Capacity Limit | | Avail Declaration Limit

Active Power

Under Excite
(Reading) 0.7

Over Excite
(Lagging)

0.1
Reactive Power

Reactive Power

JUN 2.13 Anuannnsamsdsiumdveaasasiidalnih

nsenwmadalndlunisuszdiudannuannsafifogdlunisdsiundsau
vugedadiefiayldusuantanuannsavieuunliuludesdalunsifiulvanvdesosding
Uiulgausstulwiiesnwiaanatiosnmussiulniillussuuuasdealigmmanumuiuy
vaatdslndiidssiiu (Power Flow Congestion) Ingdsnslvaliflaansanaisidanisdanis
nanrasliil (Generation Dispatch Limit; GDL) #agA1A1dgusamananainmaalndi
Tudwemdnunawnuiideusslusyuu Tne3dnslwdilldduamdinisnanasvdesn
AAdansalunsdsiuimdslniiaega (Total  Transfer  Capability;  TTC) Farn
anuannsolumsasiuihdsliigsaalunsfnsifedanundoslunsudasidslnihg
udal e smveenguedosindalnihifideuusdudurianesgean (Generation Shift
Factor; GSF) iasrundsnuuueedaduiuglngmaundonlunsuansidalniinasseda
et munlSludannsteveliihveusaslssnil-lnasaudeinaundouidenisuan
Mnndanunauuiidousedniuszuudie Gensuuistudnuiameiganildiine
ananulnisluamdsliiln (Power flow Sensitivity Analysis) Tngluwansanuntuasii
mMsisuifisunafunsusgifiuauaiunsoivaeeglunisdsiundasnu (Available
Transfer Capability; ATC) wasaneds dswansanwnuindamslvaiasnsoldlunsuszdy
Amanuannsafimieeglunisdwundsnunasldlunshuneauaiosniwszuulain
mdalauagdeaunsaldlunisuseyndlunisdanisannunuisiunisivamasiniinens
fvuaesosiudalwinevaussvdndmdumsmunuidsiiindsiulundazaneds

miﬂizLﬁuﬁhmmmmmﬁmﬁaa&ﬂumiﬁqm'mwé’amuLLazmsfﬁ’mmimm
wutunsimamdsiilussuuidslnin (71 Jufinnuddyeiddmnedesiuin
IyliweanedsnimudAngainnslasunseivaniuoreviliifnademesogunsalls
wazoramlviszuuinaulsiiaiosnmldlunisdeiundsnuuumedsiuasiinguedo
sudalimdniifinnuddglunssesfunsdsuwainisivardslnih ddasuniudanis
UszifluAanuanansafimdesglunisdsiundsiuazdimunsdisaiauaiunsalunis

dauidalnihggedazgnivuanigal deduauieuresaeds (Thermal limit), /1

o v v

AAFIUAINLEDETAINUTIAU (Voltage Stability Limit) wazaA191AnAIUANLLEDNTAINUDS
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w3earuiindin (Generation Stability Limit) wilunsdnwildimuadaeeirnuanusaly
msdaiuindslnlingsan (TTO) shediinnsdansnandndslnin (GDL) vesnguades
Audalnlihidauddygdunsdsihumdanusuaidsifhanndsnunaunudidouse
08 é’]’qﬁumﬂﬂdmﬂ%"aqﬁf]Lﬁ@lﬂ/\lﬂ’]ﬁﬁmmﬁ’]ﬁ'zngqmé'}ﬁgm‘ﬁﬁ’ﬂé’wmﬁiﬁﬂﬁ'@mi%mimam
Mgl ssuuaIuAuAaINEndnluli@ (Automatic Generation Control system; AGC) 9%
Lignsedamsiiunswanlalunissesfumsiasundadnanlunaiuquazmninanly
Nuftuintuides qfasildusluiiufianasaunseissuuiinanuldiaiosnimmis
wsauldlaglumsfinuilaldssuulnihmdsamalneusuusdlul 2014 Tudslvangsan
Juszuugulunis@nen msé’i’qmimémﬁ"]é’ﬂWﬂﬂmzuulWﬁﬂﬁﬁé’wﬁsmﬂlmﬁ?u%muam
Tngszuumuauiamansalul@ (AGC)  aeldnismuguueanyizay 1udT (National
Control Center; NCC) LLawu";mm’mLLW%%%W@WHM%B'meémﬂizmmlmEJ (EGAT)
feszuumunuidndndnluifrdinmandidsiihuuiiugiuresdoyamarmioures
159ln#ln (Available Declaration Statement; ADS) waaglsalnineniiuluaiuvaalsalniin
unanun (Very small power producer; VSPP) Lﬁ@ﬂﬂ?ﬂiiﬂlWﬁ?ﬂdmﬁLﬂuLLUUI@J'LL‘Liuau
(Non-firm Power Plant) aidsnsnaatiuliviu 9 MW daudoyadinundouvestsdluih
Huarfianlduinfudsfuiudyginisiovievedseluiifunisiniiidendn (Power
Purchase Agreement; PPA) ﬁﬁﬁ?ﬂiiﬂi?\lﬁﬂnﬂiﬂ (EGAT, IPP and SPP) 3¥maagaA1mlng
wSaulunswanliin (ADS) dmdutudaludouiiorfuiuludmuiemununusverduves
nslfiieraununisdaniseanidaliihdeudseludmuisny Budd Wodin1suan
Inlinnglssuunismunusnlud® (AGO)  ddlduanduguit 2.14 FafuiBnisussidiue
Anuaansofimdonglunisawiumdanu (ATO) Tuaidl Téduamaugvionuanunsondn
ﬁwé’qiw%ﬁmﬁaaa@mmjmm%‘lmﬁwLﬁmlw%ﬁﬁmmﬁﬁmqﬂumieiqr;huwé'wmimﬁa
dsliianwdanunaunuain Tsslifimdsnunaunumnadn (VSPP) Aideusieet

| Independent Power Producer (IPP) Group
Submit the ADS for Next day

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

- EGII’)\th : National Control
ower rlants .
Sobmit ». Short Planning (SP) > Plai Center (NCC)
The ADS for (Energy and Fuel Planning) (Power Generation
Next day Dispatch)
i ]

Small Power Producer (SPP) Group
Submit the ADS for Next Day

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

JUN 2.14 JULUUlngTIIMTNUEUNAI kAN sEInsEa LT luyssnalne



34

2.6.3.1 Wnldwiunsusediuannuaunsafileglunisdeiundany
wnshdilumsusziudianuaunsandeglunisdaiiundsny (ATC) 14
Tupsihweanuaissnmssuumasinihlagannsaesuigladaiaingui 2.15

|E| £6 V| £0
@— Busl Bus2f——>
Generator Load

UM 2.15 szuumasinihegneineg

1n3UTt 2.15 leuanssyuuliiiidaegsiedsidalnihazgndsidaluii
nnedosiudaliihlugslnanlagdsiuaediaaedeg Adraansasiaaluiinlngsm
w‘%aqaqmﬁngmﬁﬁ’mﬁw 3 P9NANILNUADAIIANAAIUAINNSDUVBIEIUES ANTINARIY
AULERYSANLSITY LazAsIfve ate s udnlni g srns Anvosedosidalniiiuly
An1TAIEIazaINsaAsIzAl N uarsatase s a1l (Generator
Capacity Curve) dhuluanniemsudsudiuayiinneginnarnadesnimgalanes fay
‘Wm"“gmeﬁamazméffgmm’mmmiaﬁm%aagﬂuﬂ'ﬁﬁmmwé’ﬂmu (ATC) 91niA30eiLin
Iylihanaunismen ATC 5Ul 2.15 aglddsanntsd 2.66

ATC=GEN, 1, ~ GEN,,1 (2.66)
Tngfnuala
GEN ,poeiry 810 AIAMETOMNITASEN WA N NGER (TTC),
GEN,,,,, An maalnii s anniznisvirnulagduuesssuy (ETC)

szuumANidmandnlul@ (AGO)  Iwmuauvdediidmdnvaaios
Anda i lunisdsdrendsnulussuumddniauainunseuvesudaslsalninigle
é’zgauné?}uamaLLamwmmw%famﬁﬁﬁaﬁﬁﬁmaaLf-ﬁ'aaﬁwLﬁﬂlﬁ/\lﬁﬂﬁszwmmué’miuﬁﬁ
annsadanmslaudlussuulniidwuelug@eiiniosdudalihuazanvdsed Yudiuau
undsiuduFoseniivyimundeuaansalunisdwiuidsliingagn (TTO) vosusias
anwdssiulunsaneiizddnisiiaseianalanisivamdslnii (Power Flow Sensitivity
Analysis) Tunsivuniedearudnliihfidfyi deiundsnuuuaeddeagldanauusdu
Blunamosiasosiudnliindiddyde nguiedesfndalnifdaauisiudniulaimes
g9an (GSF) flagnovausmdnifiedsdaluiuuuviuiviilailelvaninisiasuntauas
nauedossdndfiamsadanguifieldlunisdestunumuuiuainnisinaidsliily
YUY

AetiuAnAuannsalunsdsihumalnirgeanvesaeddunsfnuilfe
HATINVDIAIAMUNTEUNITHAN LN (GDL)  vesnguiaTasniiialniiidAyAanguinios
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Audalnihndaauustuinunanesgeangeaniuies uagdsnislnddmivuseiiiuan
Auasnsafmaeeglunisdeiundasnu (ATC) lunsdlildfinsanmdinisudnludiu
Isalwiflmdsuvaunuruiaidn (VSPP) wagdaiisaunisil 2.66 anunsouanalansaunisi
2.67

ATC,,

(4

Gn .
el = ZG] ADS Main _Genggp, -

~Group

Gn .
_ ZGI Output. Main _Gengg Gy, (2.67)

wagdslaldmsunisuseidiuAmnuaiunsaivaseglunisdesiundasy (ATO) Tunsdli
Nsanmdanisudniudiulsalnihndanunawnuuuinan (VSPP) waze19deaunisn 2.66
AUNSwaARIlARIFNNIST 2.68

ATC,,

o

G, : G,
g = ZGI ADS Main_Gengg, + Z G Renewable _Gengg,

Group Group

(2.68)

G’i . GW
—z 6 Output. Main _ Genggy. + ZG] Output Renewable _ Genggy.

Group . Group

Taen1ruald
ATC,

ove

; Ag ANANENNNTaTImABRgluNNTAEIUNAU (ATC) T8ln
ADS Main _Gengge oy 79 AIMGIIHNAIERAINAT ADS  Tap52u970
MAXY P U

nauasearilialiihvaniden GSE asgavan (M)

A 1 o

Renewablegg: o f8 ANAIRLWANGIEARINAT ADS  TaesanaInngu
MAX {p (P < 4

wsearlialimdnuryuleunian GSF aeanvan (MW)

Y 9

. A U o w 1 1 dl'
Output.Main _Genggp. .y 80 AMATIIIA18000 AL TINIINNGUATO
Atlalwihvaniilan GSF geaanan (MW7)

Quitput.Renewable ;. Aa ArANMadlninIgeenanngunIeInLine

ux Group

Tl wmdsunyudguiilan GSF asgavan (MW)
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o/ 1 v [} Y] =%
LLNUWWU"ILLﬂSJ’ﬂ’lﬂ’]’lﬁJW'i'éJﬁJﬂ'laﬁﬂ'liﬁ\laﬂii\‘ll‘l/\l‘lﬂ'l

3.1 WHUNAIUINIAINART 2015, 2018 (PDP2015, 2018)

Ut dinsnanlunisaneblddnwnauiauidwmanuszmdlne
(Thailand Power Development Plan; PDP) WeRnwwmstauaslnilaoany
wuRYENEnsRnmdInsRan e and s unauuE sdlwnl et udes e dn
wMsasAnwnansenuaeseuuliihmasUseimalneniouauotuinistesiunazinaia
fmngaslunisusudgaiiesnsedumnuadosnmszuulwihidesemalngliaonades
ﬁ’mmuﬁwmﬁwé’awﬁm%ﬂiuﬁﬁlé’swmu%ayjaLLNuW@umﬁwé’ﬂwémﬂizmﬂlmﬂ 2015,
(PDP2015) wazd 2018 (PDP2018) [11,30] Fslunmsanwniuasdunisinunludruusmuiaun
Mdmanatu 2015 neulagdinsusuussluiiagdu adu 2018 Faunuiannfdssanaty
2015 Hunsensrmdsnunanisiwindienanutedssmelng 1asaviunuiaunidwan
Iyl PDP2015 Taelunuiamn PDP2010 atfuuiuussadedl 3 Huuwumdnlunisiaun
M&aanliiinvesUsene nsdaviuny PDP2015 Tuthuilelidenadastuaudesnisly
it ftaziintu Tnegldnnseuuauysannandsnuuwiend nedavdu 5 wuvdnded

1. uruaMawanlnihvesussnalng

2. WNUBUSNENANY

3. WNUTAIINASUNALVULAS WA UGN

4. WNUNIINMNwEIINYIRVRelNY

5. WU SNIsTshudaunas

Tagaud 1Ay lun 139 ULRLY NN TNAN UL A LA LNUTA U AAINER
Twilh PDP2015 I8fmualy 3 Usziiusiail

1. fueusiuamand i (Security) desnauaussUSunannudonisiii e
TOIT UMK UNRILATYF AR FIAULYI

2. fuAswgAa (Economy) fesdilsdssunumandnluinfimngay Ussmvuuas
magsnasausuliuwazliiluguassare nisimuwmamsygiuazdanuvesUszwme

3. fudwandau (Ecology) Fosannanssnuiudindon lnsanfing

ansvaulneanlunrentiansuantndin
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3.1.1 daunmtagiu

3.1.1.1 anusesnsiwilulagu

AudeInstiilul 2557 Ysnamudeanmsndenuliigegavesssuy
Aty Yufl 23 ey 2557 a0 14.26 U 1 26,942.1 MW Tlgamgd 37.5 ssrieaidoa
Tnenistuaind 2556 wihiy 344.0 MW Tneiisasuiutuandulesas 1.29

3.1.1.2 masdalniludagdu

dwmdnlainlutagtu w Aufeu Sunau 2557 Mismanlnihsanmes
Uszielng agiid1uau 37,612 MW Tnsutsmudszinnlsdluiiiaunssil 3.1 uaganunsn

Y a

WU DALNAR INAIMUAITI9N 3.2

Y

AN57199 3.1 MAAR LAY au Fudeu SwAN 2557 wusnnuUsEnsalniin

Usznnlsalniln AAINITNER JMW) Sovaz
WAIAINTOUT 21,145 56.2
NAIAIU5 DU 7,538 20
WA UL U ILY 8,476 22.5
Aouuia wdessudiiea 153 0.5
aandenledlve-unade 300 0.8
334 37,612 100

M15719% 3.2 MAwAali o Fudieu Sua 2557 wusmugkaa i

UsEAnguan ANAIN1IWER JMW) Jouaz
ANH. 15,482 41.2
LonwusIelng (IPP) 13,167 35.0
LONYUSIBLEN (SPP) 4,530 12.0
LONYUSIBLENUIN (VSPP) 2,029 5.4
Folnliisnausying 2,404 6.4
334 37,612 100

3.1.1.3 syuudaluii
seaunsaiulniunsgulussuvdadnihvesnisiiindrendnuvslseine
Tne (Mle.) Tuutseonidusesunssdiu 500 KV, 230 kV, 132 kV, 115 KV wag 69 kV #innud

SEUU 50 Hz @9 a0 Autdou Sunau 2557 seuvaledsiwinvesusemeasiaiedansdy
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32,526.99 2935 wazdanTlnAnsiuviadu 213 @01 aflszuuianuaiuisatunisateladin

591 88,461.44 MVA 19831u3uan 1 Jasusasuaninsawanalandnisian 3.3

A15199 3.3 uuan TINAN AN a1 FULReu SWIAN 2557 LUIANNSEAULSIUY

32AULIINU (KV) Iuuaall
500 11
230 71
115 131

3.1.2 NSNEINsaIANNABINS LT
Amgnsainuseensindihlunay POP2015  iilesramaainuaueyinig
WAL TULAZLHUNAUINA ST UNARNY WU TuY9U 2557 — 2579 AUAedn1snasau v
TnesauwesUszmeiionsinisiiuln wisdesay 267 feol uwazlul 2579 Ammensainy
AoIN1INANUINTTINgVE veeUsewall A1Useunn 326,119 aumtie wagnaalningaan

a 1

ansogil 49,655 MW

9 Y

3.1.3  WUINIINISIATNUNURRIUINaINEn InAvesUsemalng W .A.2558 -

2579 (PDP2015)

PNNUR NNY LANTAUALUINIILUNITIAYIBRNURMUIAEINER LAV D
Uszwelng (PDP2015) TAwaE

3.1.3.1 Wenuddyduanusiuamesssuulnfinidwessewma dielvd
mmﬁummamqm Waszuuwaalwdi szuvdsliiin wavssuusmiglnihsieiud

3.1.3.2 UloU1gn1sNsEBAeINaS tieanaudesnisieiadomawala
AN

3.1.3.3 Wlgunemaadslnihdrsesdesliddesniniesay 15 ¥09ANUfBINS
WA Infingaae

3.1.3.4 ulsvegranliiienvusieglug (PP) wazsnewdn (SPP) azsiunis

Ly

Y
mudyavedlsaliinenyunivenniuu

3.1.4 wHuWauIN1asNanlWi1vasUsemalne (PDP2015)

NANYAFINTIAUTY wauianmMamdaliihvessemelneadul 2558 -

[
Y a

2579 (PDP2015) ansnsaasulasiail



3.1.4.1 masndnlninluyael 2558 - 2579
Adsanlninlua9l 2558 - 2579 tuatuisanuseanidurieszesinailag

aunsaazulanandlunisiei 3.4

A157199 3.4 Iuuandlndn i o Fudou SuNeN 2557 LUIRNUSEAULTIAU
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22928198 IAUAAINAR LN AAINITHER (MW)
maandnliln s Suineu 2557 37,612
mdswan il Tugael 2558 - 2579 57,459
A&aanliihfivansenainszuy Tugaed 2558-2579 -24,736
S wanlnihriay a aud 2579 70,335

3.1.4.2 maaudaldnlug Tused 2558 - 2579
Maanantwinlvadlugel 2558 - 2579 Wiy 57,459 MW lagaunsa

weNANUUTZANISINTAN Aatinanalun1snai 3.5

A15197 3.5 danan il Tueaed 2558 — 2579 Tneulsuseavlslnii

Uszanlsalniln NAINITHER (MW)
Lsalnnasaumyuidey 21,648
Iﬁﬂ‘l/\lﬂwwé’mfﬂl,l,uuquaé’u 2,101
Tssluilauuesdu 4,119
Tssbundaanusousiy 17,478
Tsaloidnasmusou 12,113
334 57,459

ANUWAY PDP2015 laansandeinuninileniawazanuidsanaginalnidisu
WuuSiuning wieaseenusiuaslinussuulndnigs fenunnutulanansan Tu 2 fAun

v A
PNU

32.1.4.3 fnsauanudumsvasszuulninluniala

AINMTANWIANUADINIS INTH1URINAlATUTIALARIN ST UL A LRAsS oY

az 3 ied setuedinnusidudoaianunlsslniiudiudy 3 Tsslndih Tugqed 2562 - 2567

WAAIIUASI9T 3.6
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A1519% 3.6 Tsslnfudinduitowamnvesszuulniinlunald lugaed 2562 - 2567

4 Tselvdmaunu AAINEN (MW)
2562 | Tsablihenufiunsed 800
2564 | Tssbwtihanufiunm wiesd 1 1,000
2567 | Tssbwtihenufiunm wiesd 2 1,000

3144 fnsananusiuawesszuuliinluaianans uaznganne uas
Usnuna

idesanuinamsldlinluangamny danudesnisglasuszanudes
az 30 Fadagiudesfion msdeihdsliihainaianiadug Usznaufulsdliluitudiay
muae1gas wagtduiuififienud dymaassghasssdugudnaessuna siliday

LAe9AuANTIAe Fatimnuddudesasiadsslidmaunuiu sanandlunisen 3.7

a51eit 3.7 Tsdlvlitmauvilunianans wagngame uazUunma Tutasd 2562 - 2568

g Tselndimaunu NAINEN (MW)
2562 | Tsslniiwszunslénauny e 15 1,300
TsslniunesUsnanauny 1n3eed 1-2 1,300
2565 1sslsidnszuastananu sqmﬁ 22 1,300
2566 | Tsalwihfatdosmaunu yedi 1-2 1,300
2568 | Tsdlwihfadosmaunu wed 3 1,300

3.1.5 bHUNAIUISTUUETlWAN
1ASIN15ANULRNUIUNRIUISzUU AW A sl endanrsUsswmelne L

AtuRLLNY PDP2015 9gUsznausme 1asan1si1ee) aslanslun1sned 3.8

A157199 3.8 1ASINITHAL LU UNUNTZUUES kTN

FUALATINTG AMUUIATING

1AsIN1sHaILszUUa A iNeauaIANARINS IE LN 9

TAsan1siauszuvaslifdieasuauiuasssuu

.
lasan1suFulssiavveneseuudsliihmdeuanin 5
9

TAsan1sszuvashiiiiasassunsiauma Ll

1As9N15auleesz VA NANTEMIN9UTENALUUTZUURAD TEUY -

TAsanNsiauszuUlasseninaunsnnse .
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FAATINTHRNUNITHRAUITZUUAINUAT N5 indendswiausznalne

losueudfuagagseninenoainediuiu 13 1a5n1s uasiilasamsununudnyiioroaysia

ANTUIU 19 TAsIng

3.1.6 WHUWAILINGNUNALNULASNAIIUNIGEN (AEDP)

nIgNTINasUladLIme uazdeiarsanlun1sdaviunuinuInganu
NALVULAY WALIUNINLEBN (Alternative Energy Development Plan; AEDP) lngrindandn
Inhannasnunguisunigludsewme Ssuialaddimungasldndsunaunuuwasndsny
yadenlud n m2558 - 2579 (AEDP) iftenaununislfidemasleatalilisosay 30
Al 2579 Baldtmuaunuly 2 Fefudelasamslsaluimdsnumyuisulnluged
2558 - 2569 waglasamslsaluiiandanumyudsulmilugad 2570 - 2579

3.1.6.2 lasanstasbnihwadsnunyuileulvadlugaed 2558 - 2569

wuiauna s unguIsulnalugaed 2558 - 2569  ladin1sdnvinwau

1AFINITAL LHDLAUTAIUINARIUNALVULAZ NAIIIUNIEDN AILEASIUAITNN 3.9

M19199 3.9 wruiamasnugusulnailugisd 2558 - 2569

Uszanlsalniln AAINITHAR (MW)
WASULED TG 3,292.5
IRRGH 1,643.7
Wi 191.0
PIzaa 2,122.6
AnaRiIn I 199.1
VY 373.2
WYNAIU 279.1
It 8,101.2

3.1.6.3 lasanstsalndhnasanunyuisulnilug9d 2570 - 2579
wuiunasunyulsulndlugaet 2570 - 2579 ladin1sdnvinwnu

1ATINITAN9Y LHDLAUTAIUINASUNALVULAZNAIIUNILEDN AaLaasluas199 3.10



a2

A9 3.10 wnuiamwdsumudeulnluged 2570 - 2579

Usztanlsaluiln AAINITNER (MW)

NAITULAIDNRE 1,077.6
[GEGH 910.2

Wi 86.9
Yrzaa 1,363.9
fneganIn 108.2

VY 56.0
WYINFI97U 400.9
334U 4,003.7

3.1.7 uruWawdagduiidanisuand 2018
dmsunkuiaundwdalniivesusenalnoadul w.e. 2561 - 2580
(PDP 2018) lovhnisAnwanusnludredud 2560 muuaulssimealneasiisdawanlnidi
Immwagjﬁ 46,090 MW e sunuiaunidsuanlndin (PDP 2018) avimdiniswanse
Iiﬁlw%ﬁgﬂﬂamaaﬂmmzwﬁsﬁ’ﬂmu 25,310 MW waziimasnisuantndalsalndnlusddn
mﬂuizwagjﬁ 56,431 MW Tneindsmswanlniingaasiedu a dud 2580 agiﬁ 77,211 MW
waglugruvesidsmsaanliinlmidifiududuaunsouvsuonaudssinnlsslni 1esmn

M191991 3.11

A15199 3.11 Maansuan WA UM ANTULUIE NAINUT LN b

Uszanlsalnila N18INTIINER (MW)
Lsalviflh wasaumsuidey 20,766
Tselih wdnigundu 500
T5alniin szuulauiueLsdu 2,112
159l auFeousou 13,156
Isalnilh auruanlud 1,740
SuFeansaUszine 5,857
Tsaloidnlnsnawnu 8,300
WHUBUINYNAIY 4,000

warazdnisfiudnuulssndnvesdn 400 MW 1L 500 MW haziinng

ailsalwihdrzinausyansy 120 MW Tnefiindsnswanliinlngsan 520 MW uagdaueuly
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msliidendauissemalne Anwiiedniunuimussuudslihvesseme wiadu
AugnamMsdevieliiluglinauasidenlosiussuuimuie Weliaunsasessuiganis

waa lihannasnunyulsulueuias

3.2 AAun5auvadlseliiln (Availability Declaration Statement)
3.2.1 AMURUIBAUAIAMUNTBUVDIL TN
Arfifnuaaiuainsavenn3estninluiln (Contracted  Operating
Characteristics; ~ COCs) Viszuiﬂuﬁﬁgmﬁmﬁjamah\lﬁﬂ (Power  plant  Purchase
Agreement; PPA) Tnelselniinasdosinlilanud nmslnfdondnuisszmdlng (i)
dsmslureuiavesanuannsaisyy uarldudsanuannsovieaanunieuvoslssliin
(Availability Declaration Staternent; ADS) snutnsantiulidsaanumseuvotsalvii

nanazUsznaulumeaIf1AaandlunIsei 3.12

A15199 3.12 ArPunSauvaelsebniin

Number Description Unit
1 Power availability MW
2 Reactive power limit MVAR
3 Primary respond MW
4 Five minute respond MW
5 Fifteen minute respond MW
6 Loading rate MW/min
7 De-loading rate MW/min

3.2.2 awnuniounanvadlselnia

3.2.2.1 Power availability

Ao Avidalaliinfiannisadrelddesznsudiodrindaldingean
(Contracted Capacity) LLﬁzﬁﬂé’ﬂlWﬂWﬁl’%j}ﬂ (Minimum  Generation) #ilsslnlflhanunsa
duesadlduumnuiiupsuarmundedeldvesszuulslniuazanansenuseduindon
audayangevsvesusazlsdliin Wudyydevevedssliin firAridelniliasgn
(Contracted capacity) wadlsdlniiinegdl 350MW wazAniadluliheamegi 200Mw

3.2.2.2 Reactive Power Limit

o A1TnsadavestideliiiSuenfinfiaruasadnels lngagrseyn
ANuausalun1sItekazsumaelnil (Lead/Lag)  a AnAaslniliasga (Contracted

Capacity) wagiadbnfindngn (Minimum generation) Aauanstuguil 5.1 Fuluridiag




aq

vadlsalnilagaiaslniigege anansadiemasliisueninls 217 Mvar uazatunse
Fumaslnisuweanle -115 Mvar uwagiarmdalniiegn awnsadnemadlnisueasinls

230 Mvar kazanuisasumastnidSwaeinle -125 Mvar

Leading T Lagging

200

-200 -100 0 100 200 MVAR

o w

JUN 3.1 Ardindninvesmasiuisueniniaiusadnele

3.2.2.3 Primary Response

A Andaluinass (Mw) 7 Tsdluiia avdemevauediissuunieluan 60
Jundt loanudivesszuuasunlas 1nnda 0.15 Hz.

3.2.2.4 Five Minute Response

Ao Ardslaiiihase (Mw) 7 Tsslalil adfesmeuaussodmuain AGC lugas
nan 5 wdl uasdrssnunssuiulily wemnuiivessyuu@suulasnnn 0.15 Hz.

3.2.2.5 Fifteen Minute Response

Ao Amaslniiess (Mw) 71 159l azdesmsuauesnadygin AGC Tutiag
1287 15 WY kazdanssnunssautulile wWemnudveessuulasunias ¥1nna1 0.15 Hz.
1R8A1AD819aUN5OMEAILARINISI9N 3.13

A5199 3.13 VAMINUANNITA MUNITHOVAUDIAINUDVDITEUU

Response Value (MW) Rising Frequency (MW) | Falling Frequency (MW)
Primary Response -9 +7.5
Five Minute Response -45 +37.5
Fifteen Minute Response -135 +112.5

3.2.2.6 Loading rate

= 1 %

A Fﬂa@]i’]ﬂ’J']lIL%’Jﬂgaﬂﬁﬂmaﬁmﬂﬁﬂiﬂiﬂ’ﬁLﬁmﬁﬂﬁﬂiWﬁﬁ (MW/Min) 321314

v 10

neradliiianludermmasinigege lneanunsouanslasaguin 3.2

9



MW -
R 7.5 MW/min
350
200
20 min.
> Time
t 153

U 3.2 avwanansatunsifidalylin (Mw/Min)

3.2.2.7 De-Loading rate

45

Ao AdnsIALLEIS e uatnsaluntsanidsludy (MW/Min) se1ing

nArmdslnihgegaludsrmdsliisian

MW

350

200

9 MW/min

16 min. 40 sec.

>

t

t

> Time

Ui 3.3 avwanansatunisaadidalsii (Mw/Min)

Feuonanteyanaeauiarnunionvelsalwihludmuienunuseuy

o v

Aaslihdsfideyaduiegnielidyyinsiuniendu amnusmsonnuaiuisalunis

LAULASDY (Startup) VITBNITUYALAULASEY FIANUAINTAIUNITAWATEY (Startup) Uy

Tuagiusreziia1veunIeignianaonanszuulagdualnianiusninesveunIeeiLile

WD (Generator breaker open) fauansiiegidlunisnad 3.14 gﬂﬁ 3.4-3.5

A15199 3.14 [aUlYMAUAANIIELATDIRBAINUAILITALUIAINISAULAS DY

Power Plant Condition

Shutdown Time

Hot Condition

< 8 hours

Warm Condition

> 8 hours and < 48 hours

Cold Condition

> 48 hours
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MW
Hot Warm Cold
350
> Time
0 90 160 210 (uiny

JUN 3.4 ANUEINSanTRTEEEAtUNTALLAT I IAN 1IEA19Y

MW

A

Hot

350

» Time

0 70

(min)

a = ~
EUM 3.5 ﬂ’J’]@Jmaﬂiﬂ‘ViiaﬁSEJSL’Ja’ﬂ,‘umi‘mmLﬂi@\‘i

= £ ~ 1 ‘34} I v o [ 4’1} a v ¥
Fenndeyannaniilutenvualudyainistenigved seluiiideauds
ArAuns aulun19AuLeI 09l UT It HUS T e AUYan S AN Us s Al nenaua i

d! o d‘ L o a ‘ﬂl U o
niaTuiednyuaunsmuasasiuiudaly



unii 4
NANISAN®IY

Tuuniagrhmsfnvifletiaueuumadielflunsufudgausunsianidenis
nanfdslniuasnsunulesfuiiosnseiuanusiuas anuadesnmssuulndindids Tne
uamsAnuiuldlFszuulnih i ssmdlneusuussluraed 20152016 uszuugly
nsAne Tnenanisdnvitusruanmanisinmaaznsenuseszuu i luanizsyuy
dslriuinaruanuliatiosnmeussuliilnememsianansenuanus iy
andsardmalissuuinaudesivainlifiduduusnanine Blackout) Feituilivani
Bundiuiingn Fessuuluannziaunsaiatulfidossnansiifarumuiuiures
mslva&aluiin (Congestion) Faanansaiinldnarensdlivuy ssuuiAansgapdegunsal
esesdnslumsdsiundmilussuuiaillinsfanslddunssineaiiuvesgunnifivde
Fuluszuulnihids wiewansenuainnisiinturedwanrsensaniidinsuanveaaios
udalwihegnsiuivulalasamessuulmihidsiuiviiunudenisvesdaniias I
wansaivanilfufissdundsiiagrhlfifna mmnuuresmsivavestdsluiiAniy
Feszuulihi s uluegdaiifesdimsfnwnanseny wazuumaiinislunismauw
Lﬁaﬁms%’@mﬂummj’ﬂ%ﬁaaﬂmwmﬁlmﬁ%lﬁﬂﬂagmmzﬂ'wﬁ%ﬂuiwmﬁaﬁwmﬁﬁa
nswanlivanzanasinyusslovigegn daszuulaiidsgulunsdnvidudeyaves
szuuiteglutsiiiviinuenudesmanieuiinalnangeaalaonisinetuldviinisdne
Hansenusossuubiiamalaglagadulunisfinyinansenusessuuliiiinganina
nguoonidsamievszmalnelunsdlszuuimdmanlnihnnndnuuasefindidousent
Tuszuusiuiuann wasdlawSeudieussegnainisndn i ndusaefindidouss
turglinsouagussznavasivandifirnudosnisgadaas ildssuuAnammuuiunis
Inardslifidulugasiuasavdamansenuderuiaissamszuuegadls Fwansdneadu
Ifuanstelausuuziumanstostu msufiRnsmuaulutisnaidanarnielissuud
asun Ry Ima%’mauaLLuzu,mmqmsi’]aqﬁmmzmsﬂﬁﬁamamuquﬁ?ummma%ﬁa
musfunswesszruuladddldnmensdiiegaiesfiaunsadlududiunidunisuims
FannsuazUuususumatannidimananidsiiihinewedamduannsneuglddsd

1. wadalifimngaudmiumadoudoindewmdalnimdanunyuisudifu
ssuuidshiinlagldinadianisiginszurunismsinamdslningsnsiiansandesiie
AIUAULADYTNINLLTIAY

2. wadalmilumsimuniiuiinndsssnendnuliiadioulussuuilmnzan
warnstvunasesiudaliiimevaussmdnifiotosfuasdaldunisenanfusaudns
Usziflumnusiunsvesianlauda, msﬁﬂmmadaﬁﬁmmﬁﬁzyLﬁaiaa%’uﬁwé’ﬂw%dqmu
nsdimniianedaduladunilgniansen

3. wiellalnilun1suszifiuanuaiuisadedneniiaseulnid (Available  Transfer
Capability; ATC) TngWa15a9090n0 uLad e 5N
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4.1 wan1sAneszuulimasuSuuseuszmalned 2015
lun1sfnwvidogauazadressuulaiididedmivlunisfnudldld Tusunsy
POWERWORLD Tunisfiny1ide Tuinerfimudatuildidunuilunisainsssuuliiisds
Uszinelnelaglidoyavesszuulutasfiszuuiamnudesnsuiinalnangaan 12015 ield
Huszuugnilumsdnwlaeimusseulnsuussiueg -0.9 §1 +1.1 p.u. TngUinanise
Tvanvesaneddlaiiu 1000% Tnesesazdeateyavesszuuliinidsssmalnedliidussuy
dsunuduusznouiedoyadiusneduand lumsned 4.1 uegvnafinsandsihds
nskanLazANURRINTITARlrs e lnanlulsazdrulasiismiuniasteg lulsewnelng
0199zazUlFnumei 4.2 FamuirhdmdnuazUinanudosnsii vielasluusiay
fufiduazlivifudedoserfenisderundsulaenisdeiiuaisds wazniouvas
wsasulnlfinfiseduusadunneg ieaeleumdsnulniluszuu Seaedefideurossuy
gl luiiufidnegdadetuionitaedudeudesenindiufl (nter-Tied Lines) wan
Wisuifteutussuulihidssemalneduamnsonandlddegui 4.1

a919il 4.1 seuulilihindsusulsswesdsemelned 2015

et IaTLDYN USuneu e
1 NAINITHER 2744375 MW
2 Usunaulvian 26848.58 MW
3 MasnsgeyLde 595.17 MW
4 wiestdaluiih 289 1ASe
5 uulvan 696 Tuan
6 U 1470 Ud
¢ Switch Shunts 337 Shunt
8 Lines and Transformer 2024 Line
9 DC Line 1 Line

A15197 4.2 MasnsedalazUSnalnanluniaaieesUsznelney 2015

i AARsaUsznalneg AAINITHEN 1vian MasgayLde

1 AARZIUAN 2379.00 9821.98 84.00
2 1PN IUDDNLALIIALD 2073.22 2924.00 178.54
3 aAla 1661.92 2001.66 56.48
q aawile 3329.57 2727.37 113.93
5 ANPNANHDUUU 3870.11 2862.14 70.70
6 AAREIUDEN 9748.80 3677.23 46.70
7 NIANANADUAN 4381.13 2836.20 44.16

374U 27443.75 26848.58 595.17
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= = = Inter-Tied Lines

Ul 4.1 amlaesmesszuulninddsuussusemealneg 2015

4.1.1 wan1sAn¥IN5lavaInIaelnila (Load Flow Study)

TunisAnenisinavesiidslai duldvinnisinwrszuulniinfidsves
Uszinalne laglddoya vassruulniiigeain msliidendauisdsemalneloy
gutoyatuduszuulnihmdslugedd maldmdsnihgeaeluUssme (Peak Load) Tne
grudoyavesszuviulduandlflunsied 41 dslunsdunamionnasunisinaves
sl al4TUsunsy nesaas (Power World) Tunsvageu Fanndumneulunis
AU UIBNISNAADUNS IMAN1aINNIVDITEUU NUI1SEUUMalniniauRausnf
Aedu ﬁ’%v‘hmiﬂ%’uLLGiﬁ’J’aaga&Luizwlw%ﬁwé’wuﬂizﬁgﬂajﬁmmﬁmﬂiﬂ&ﬁmﬁu Faru
AnUsnamantuaviiuludiuvesuseiulaiinlussuy Wesidudlnanvesaiods uas
sdsluiiweaedasindaluiin Tneddiausnfmandaunsauduusiday n1sudu uwivves
niouladluin, nsusuamudines LLaSﬂWsﬂ%“uhaﬁlmLiﬂQLiLma%ﬂJmLﬂ%@qﬁ%ﬁmlﬂﬂn
idlovinsnagounisinaddsiniiwessyuvauldfinnufinUsniiaiu Aegldsyuulndi
Adsnsdigruildlunisinudaandugud 4.2
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Power system
raw data

Create
Power System Base Case

Adjust raw data
-Gen voltage
-Transformer Tap
-Capacitor

Yes +

Voltage 0.9-1.1 p.u
%Loading <100%

System Base case

JUN 4.2 unuian1suudeyalussuuluihids

nngrudeyaindulas Amvauludiutesveiidudlnanuosansdeogi
100% dhummuepiludinvosussiuegil 0.95-1.05 p.u. FswuiszuudiqaRnusnioging
Fawuin Tussiulyihiiuveualunismuaueg 14 Ja Sadutamsiuussiusiidauans
Wlugui 4.3

£ PowerWorld Simulator 8.0 OPF. Far use only by staff and studenis of site licensed Universities  Status: Paused

TH Fie Srlstion Case Information Options{Tooks  LP OPE Window  Hel 2
SRR @& P Abon EdtMode FunMode SctipiMode  Log | Single Solution TR
B @ R G| [ Il

HE S AN T Be-WEE 4SS

Elessarts to Show Nornber Of Vilations Lk Group Valss

Bt Lol i Uk Growp  [Delenk =] Frtetaoporcert [ 1000 2

- o HohvekspeBses NG " Link Group Dicalled / btfos Tatng st RamgSet
. p Low-voltage Suspects a Imnrwdamrwmii [hoon = Irker CTG Rating Set =
Lines{Transformers UnafTransformer Rating nms«n .

_Sve Mondoring Settings | | eefaces ] Line{Trans CTG Rating Sat

r Hgh Voltage
Lo Mordiaing Settings I Tmumuﬂsuimmnm

T~ Do not morstor radial knes and buses (sppbed to it groups)

Buses |Unos | tnterfacos | Arca Reporting | Zone Roporting |

z Yes Default 034033 20687
£l Yes Default 0.93426 20.554

2 Yes Default 0.91556 20,142

z Yes Default 0.93963 20672

z Yes Default 09326 0647

z Yes Default 0.94829 109.054

2 Yes Default 0.94184 108312

2 Yes Default 0.93130 107.099

z Yes Default 093129 107,096

z Yes Default 0.94133 20.109

4 ¥ Default 0.94652 217700

5 A Default 094276 20.741

5 Yes Default 094178 2019

5 ¥ Default 0.94399 108,558

Fun Mode  PausedfStopped ‘iewing Curment Case

UM 4.3 nan1snsaadeunsasiiintodnnisaunuanTEuugIutayaiAy

INHANITATIIdOUNITaLLintednnnvesssuulndnids  (Violating
Element) 3ngudeyaidu toudlulasnisusuudddudiuvesusudn aurgines (Capacitor
Bank) ifievaLransIiu wazUsuunuvemdouvasussiulninfoanuaziiuussiulviiung
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luszuu NufimsUsuahavivasnamesveuasesiudaluiii lngldliAuveuiunly
MsmUANYDLATRIdIansau lulymvesssuulihmadladewanalilugui 4.4

Fi\e Simulation Case Information  OptionsTools P OPF Window  Help - 4

oIFF

= & B B & & P | Abort | Edit Mode | Run Made Script Mode  Log | Sinale Solution a » % s
"B | R G -
E 6408 B B - S

Elements ko Shawr umber OF Violations

Limit Group Yalues

£ bl Elements ey W 2 Bt Limik Group | Default *] | nterfacepercent | 1000 =
-
% e Er High Yoltage Buses [~ Limit Group Disabled § Do Mot Manitar Interfae Rating 5et Fating Set &
s Low-vaoltage Suspects LinefTransfarmer Percentage | 100.0 - Inter CTG Rating Sek Rating Set &
) ) Lines/Transformers LinefTransformer Rating Set  Fafing Set &
Low Woltage Limit 03500 : pu
Save Manitaring Settings || Interfaces

Line{Trans CTG Rating 52t Fating et &
[~ Treat Line Limits as Equivalent Amps High Wolkage Linit 10600 2 po

Load Monitoring Settings
™ Do not monitor radial lines and buses (applied ko 2l limit groups)

RunMode  Paused/Stopped Wiewing Current Case

5UN 4.4 nan1sesadeunsasidia (Violation Limit) maensuus

INHAN1IATIVEBUNTasIlintadinvasseuulihiings (Violation Limit)
Tuszuulniiamidsnuinldfigeiinusn® dedusiazlassuulwimdilddunsdigulu
N3ANY

4.2 wWan1sAn¥INANITENULarYalEuaLUEN1TURURNISYIIUSHIMIanggn
BasnNszuulndinIan1anzIusanesntausindlng s unan1adnan

WA A UTaLE RSN I USTUY

nansAnund iiesuneludauresmsfnuansenulazteiauouuzn1sUR TRludas
fszuuiivsinalnangeanndaainldiinisidouselsslnitmdsnuuaseniindidnluszuuliin
f&snanzTussnidouuiloUsumalnedaiuiuiimunzanlunisfndafeuansunui
LAUARRaTUR 4.5 %qﬁwé’ﬂmﬁwﬁmaﬁuﬁag}ﬁ 1750-1900kwWh/m2  lagnalunisinun
nansynutdlgviinsanelu 2 nsdismefude Tunsdlusnilunisinwinansenuseaning
Anuvukdurasn1sinaiaslihanglaannzani@umnsvuugaidegunsaldaiundeany
U 1 qﬂﬂﬁmﬂué’ﬂmuﬁwm (A Single Contingency (n-1)) wazlunsdifiaeanduy
mMs@nwnsasuulasiddlnihdsiiulaesadlunsfnwuas Ussifiudnanuanansa
aasdelunsasihundinuesenuddiiouresenineiud (Inter-Tied Lines) Gevanefsans
defiidouranussuulniinmsinansTussndoaunie Judlovhnsiansauuilduvestds
AIKARYeIMadb TN INNa UL IngAIL PDP2015 ﬁdLLamiﬂugﬂﬁ 4.6 WUINH
LLU’JI‘J&JLW@J%HL%“@EJ“]IﬂEJLQW’]%ﬁﬁﬁﬂmamﬂﬂL%aﬁLLﬁQaﬂﬁmégﬁLﬁmﬁuﬁaﬂ"’mﬂﬁ waziiiovhnis
WU udaaiatresniainisuan liinannigaauaeingazdi9iaiveausunaning
éfaﬂmw’%aimmiusauwﬁﬁuﬁuﬁqLLamﬂugﬂ'ﬁ" 4.7  agwuinmaansuantidnaneag
LLaqaﬁﬁméﬁuaﬂajmaumwthnmsuam%mmﬂmuéfaaﬂfrﬂmmﬁqLLam‘LugUﬁ' Feluznaan
fitdsnamanlniansaduasorindiugnuaneenlulurmsissuuaiviununy
poansiangeegeavilimdainisuanliitlussuuldiissmedonnudeanistvandanany
Fedawalrszuuiianuldiamosnnle
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Solar farm integration area
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Average annual sum (1999-2011) [ 10 em ey i £ g
-lsoo:m.woo 1800 1800 > kWh/m? - o o {d’-
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SUN 4.5 Wiguiisuunuiuasanuazssuumawdnlniuseinalng

B MSW
= M Biogas
E &
— W Biomass
Fd
=
2 . W Hydro
<%

(]
o - ®mWind

W Solar

JUN 4.6 winlunsiisduvesmanisuan i vyuisunasgeusie
Tuszuulihimasussmalneg

peri Peak load period '

g /" \
=

-

; without

3 Including solar Energy Solar

o- Energy

g \
o o 9 Q9 9 9 9 9 9 9 929 9 9 9 929 9 929 9 9 9 92 92 9 9 9
=R =T =T = T T T B e S S e e S e S o Y o R o S = i = = = TR = I = = I =1
[T B o B T o ¥ o Y = o N = o o e T T T A T = T = = T o e B O e N .0 =1
L B e T B T T B B B N I s I s I |
——Daily Load profile Time

——Daily Solar Power generation supply
JUN 4.7 MmaSeuiisudisiavesidniseanlnihnisaduaieinduazdieniaived
USUNUAUFBINSYS MR luSaUNTITU
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Tuns@nvmansenuduldadufnwinanssnudeauadosanndaaind
Tsslihmdsnunaseindideusediiussuuaun 1,000 MW luniaayiusenideanile
veuiif 2 Tnevinisdeudautniivaduuausadu 115 KV Gailianun 52 Ua Taedoya
syuulwihidnnany fusenvesUsemelneduaninsauanslamanssi 4.3

M13199 4.3 Joyaduiugunsallussuuliihmdinmans fusendsaniieusemelng

viingunsad U Wiy
wdaar il 40 1A384
UGN 192 L
nilauas 167 1A389

4.2.1 wan1sAnwInansgnuaurunLuluszuulninnids

nan1sAnwINansynuAuruIwdElusruulriinaeladnwinnelanng
f1sunadnHansenusensaadvaunsaldeinunasulussuulniiaigs (contingency
n-1) suaﬂLﬂ‘%'aaﬁwLﬁmlw%Lwia8Lﬂ‘%laﬂuﬁuﬁgﬂﬂamaammﬂumﬁiuaﬂuﬁuﬁLﬂwﬁu%ﬂ%
farsanansenusewsssulussuulaz nsslvanvesapds nan1saneanadesiialiii
Tuiuil 2 gnuansenusiasiateslduandlusuil 4.8 warlumedl 0.4 Fanuiriiedosrtida
e 10 m%aﬁwﬁui’hgﬂﬂaamaﬂm%ﬂmLﬂ‘%'awﬁq%ﬁﬂﬁuiaé’umﬁuﬁﬁmdwﬂ"]
muauLAlidsansznusensinanvesaediagndenniiiniesiidaliianwdsau
waduasefindeusednfussuUT 500MW wag 1000MW Feidsnisuaniianunsosesdy
msmsgadviedosidalwilaediliassansenuseussfunaznstinanvesanods
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JUN 4.8 wsesinlinliihilianudfygauwasiunilasusanseny
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HansANWInAIINIvanluiud 2 nduauananlawanalilugun 4.9 &

nansenulawanslilugun 4.10 wagans1ad 4.5
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Load increasing (MW)

1] <&
Factor Factor|Factor|Factor|Factor|Factor Factor|Factor Factor|Factor Factor
000 0.01 | 002 0.03 004 | 005 006 | 007 | 0.08 009 (010
‘—O—Areaz 0 |29.24 | 58.48|87.72|116.9 | 146.2 | 175.4 | 204.6 | 233.9 | 263.1 | 292.4

UM 4.9 wiawesuazmaslidmiumsiiuduvedan (MW)
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AN5199 4.4 uvesvaLazagdninsunansenulunsaimsasndalniunazesaslu
#Wun 2 gnuansen

The Quantity of Voltage Bus and %Loading of Transmission lines have

impacted after each of Generator in Area2 outage

Generators in Thailand's Solar Solar
Northeastern Power system Base Case 500MW 1,000MW
No. Name Gen Gen Volt " Volt " Volt "
MW MVar loading loading loading

2001 CLB-H1 1997 | 1.72 - - - . - }
2002 CLB-H2 19.97 | 1.72 - - - - - a
2003 SRD-H1 11.98 6 - - - . - }
2004 SRD-H2 11.98 6 - - - S - ,
2005 SRD-H3 11.98 6 - - - 3 - )
2006 UR-H1 8.39 2.5 1 - - - - - ,
2007 UR-H2 8.39 2.51 - - . - A ,
2008 UR-H3 8.39 251 - . : = . )
2009 NP-H1 3 0.35 - - = 2 - ,
2010 NP-H2 3 0.35 - - - - 3 )
2011 LTK-H1 249.67 | 125 3 - e g 3 ,
2012 LTK-H2 249.67 | 125 X - - - - )
2021 | NPO2-C11 | 120.84 | 28.2 3 - > - - -
2022 | NPO2-C12 | 120.84 | 28.2 3 - . - - -
2023 | NPO2-C10 | 112.85| 29.33 | 3 - ¢ - - -
2024 | NPO2-C21 | 120.84 | 28.2 ) - - - - -
2025 | NPO2-C22 | 120.84 | 28.2 3 - - : - -
2026 | NPO2-C20 | 11285 ] 2933 | 3 - - - - -
2040 | XSET-H11 7.29 | -2.65 - - C 4 - ;
2040 | XSET-H12 7.09 | -2.65 - - - - - )
2040 | XSET-H13 1.65 | -0.45 - - - - - ;
2040 | XSET-H14 7.09 | -2.65 - - - - - )
2040 | XSET-H15 1.65 | -0.45 - - - . - }
2041 NNG-H1 15 3.77 - - - - - -
2042 NNG-H2 15 3.77 - - - - - -
2043 NNG-H3 51.38 | 10.78 - - - - - }
2044 NNG-H4 51.38 | 10.78 - - - - - -
2045 NNG-H5 51.38 | 10.78 - - - - - }
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A15199 4.4 IuvealEkazasdnlesuransenulunsaiieI o e liusaziasodlu

#Wun 2 gnuameen ((delile)

The Quantity of Voltage Bus and %Loading of Transmission lines have

impacted after each of Generator in Area2 outage

Generators in Thailand's Solar Solar
Base Case
Northeastern Power system 500MW 1,000MW
Gen Gen % % %
No. Name Volt Volt Volt
MW MVar loading loading loading
2051 PMN-H1 33.96 | 3.85 - - - - -
2052 PMN-H2 3396 | 3.85 - - - - -
2053 PMN-H3 33.96 | 3.85 - - - - -
2054 PMN-H4 3396 | 3.85 - - - - -
2061 THPP-H1 102.75 | 28.89 2 - - - -
2062 THPP-H2 107 28.89 3 - - - -
2063 HHO-H1 61.65 | 11.59 - - - - -
2064 HHO-H2 61.65 | 11.59 - - - - -

AN5199 4.5 SuuveslaELazagasnlasunansenulunsainlvanlufiud 2 iudu

The Quantity of Voltage Bus and %Loading of Transmission lines have

impacted after Loads in Area2 increasing

Load Factor
Base Case Solar 500MW Solar 1,000MW
/ MW
Factor | (MW) | Voltage %loading | Voltage %loading Voltage %loading
0.01 29.24 ; - 5 - - -
0.02 58.48 5 H & - - -
0.03 87.72 - - - -
0.04 116.9 - 2 - 1
0.05 146.2 1 3 - 2
0.06 175.4 5 3 - 3
Blackout
0.07 204.6 9 3 - 3
0.08 2339 12 3 - 3
0.09 263.1 1 4
Blackout
0.10 2924 5 5

aMINAATUIUTINMYRIMAINTTHAAkar USINaanluldasNunved ssuulnii
Mdssemelneanunsouteentinlu 7 fun dwandugun 4.1 wasnuiuinamdins
HanwazUSInalvanvausaviuituliaunadslawandlunisnei 4.1
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Fefuszuvaefienuatosnmuarauna WHezdosinndousemadlnianiui
SusunisaRumadlnilinuaeds Fsnsideuderdsluiinvesudasiufidnfe (nter
Area Tied Lines) ?famaaiqmmﬁt,ﬂumadqﬁﬁmmﬁwﬁ’ﬁgasjwmﬂuizuulw%ﬁﬁé’q Farusa
Juausnduiiesfnvimnaznsznunazinauaiuisalun1sdaiiundesy (Available
Transfer Capability) yosapannaniiiie ety annansenuLaziiofiuauaInsalunng
deundurudafinanuadssnmvesssuulniiidalae arnisUssiivvesansded
eudeszmineiiuiidmsuszuuliihmdssamalnelunsdsnlduanddilumsnd 4.6 wae

U7 4.11-4.13

AN5719% 4.6 ANNSUSEILYesENYdITBNMARSEINSURd S USTUUINT S Ussmelne

Tunsaigu
Inter Area Tied Lines 2% Limit Percentage (%)
Flow
From To From To

No Bus Bus | Area | Area | KV MVA MVA | TTC | ETC | ATC

1 1804 | 6801 1 6 230 824.8 953.7 | 100 89 11
2 1804 | 6891 1 6 230 676.4 953.7 | 100 | 72.6 | 274
3 1806 | 7816 1 7 230 172.6 953.7 | 100 | 18.1 | 819
al 1807 | 7816 1 7 230 200.5 953.7 | 100 21 79
5 1808 | 5802 1 L 230 48.5 476.9 | 100 12 88
6 1809 | 5808 1 5 230 315 953.7 | 100 | 33.9 | 66.1
K 1809 | 6808 1 6 230 463 953.7 | 100 | 49.9 | 50.1
8 1810 | 6891 1 6 230 349.9 858.9 | 100 | 40.9 | 59.1
9 1810 | 6662 1 6 230 518.5 600 100 | 86.4 | 13.6
10 | 1810 | 6664 1 6 230 486.7 600 100 | 81.1 | 189
11 | 1908 | 5906 1 5 500 77.5 4146 | 100 | 2.7 | 973
12 | 1908 | 7902 1 7 500 369.1 4146 | 100 | 89 | 91.1
13 | 2701 | 5708 2 5 115 98.1 1175 | 100 | 859 | 14.1
14 | 2702 | 5708 2 5 115 77.3 1175 | 100 | 67.3 | 32.7
15 | 2802 | 4804 2 4 230 179 476.9 | 100 39 61
16 | 2803 | 4807 2 a4 230 91.2 476.9 | 100 | 20.1 | 79.9
17 | 2807 | 5803 2 5 230 147.4 834.5 | 100 | 17.8 | 82.2
18 | 3807 | 7829 3 7 230 84.4 476.9 | 100 | 18.2 | 81.8
19 | 3809 | 7829 3 7 230 112.2 953.7 | 100 | 12.1 | 879
20 | 4441 | 6661 4 6 500 103.7 3114 | 100 | 5.6 | 944
21 | 4441 | 5906 a4 5 500 116.2 3114 | 100 | 4.2 | 958
22 4751 | 5720 4 5 115 6.6 129.7 | 100 5.1 94.9
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AN519% 4.6 ANNSUSEINYRsENYdITBNMARSE IS UNAMSUSTUUINT AdsUsEwmelne

Tunsalgu (ewlle)

Power

Inter Area Tied Lines Limit Percentage (%)

Flow

From To From To

No Bus Bus Area | Area | KV MVA MVA | TTC | ETC | ATC
23 | 4803 | 5802 a4 5 230 50.9 476.9 | 100 | 128 | 87.2
24 | 4804 | 5807 4 5 230 131.3 953.7 | 100 | 14.6 | 85.4
25 | 4804 | 5805 a4 5 230 94.8 953.7 | 100 | 11.7 | 88.3
26 | 4804 | 5801 a4 5 230 16.5 476.9 | 100 | 7.5 | 925
27 | 5906 | 6911 5 6 500 744.4 3114 | 100 | 24.1 | 75.9
28 | 5906 | 6661 5 6 500 190.6 3114 | 100 | 7.8 | 922
29 | 5906 | 7902 5 7 500 242.5 4146 | 100 | 58 | 94.2

UM 4.11 SSnaanuansnsaifeglunisdaiundanuvesaeddag sy (%TTC)
VOIAALAUAMN YU D TENINNUN

1
29900 ~ 2

18 JT———1 13 m%Uses

Voo M

5UN 4.12 YSunaumsle (%ETO) vesudazangdeiiteusoseninaiiud
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18 } — N 13 W %ATC

S e
17 5 1

3UT 4.13 USinuanuansafiileglunisdarundanuvesangds (%ATC)
YosudazagedaiyaNsoTE NI

Tumsafl 4.6 uazguil 4.11-0.13 wanamedadoudossviaiuiiiililunsfing
LLaswamsﬂszLﬁumﬂ%mmmmmmmﬁﬁag‘lumidchmwé’qmummmadﬂimﬂim (%TTC),
Unansld (%ETO) wagUSinmunuanunsaifleglunsdssumdsnuesansds (%ATO)
vowusazaedsiidourossvineiiud dmsuszuuliihidinsdsusazdmiunsdlantinely
msfnmAemsAnwransEnuInMsisdinvesidslnihanndanuuasefingluszuy
ifhdsdddumafeldheomsfstuaiasindaliilndsnusasoding (Solar farm) i
fuszuulwihidsluiiud 2 Ssfiudidsndnduimmmnyaudmiunsinsslagfifians
WARLRAYBYT 1800-1900 kWh/m2 uaziwuansigeusioirissuulninssduusadu 115kv
fadiviovun 52 Yalsrunmaifisdalaesiuvosiidinssdnluihues ndsnuuaseiing
(Solar farm) fl#lumsanulsuandluzui 4.14 Tagagyimsusudiuidsnisuaniias 100
MW Tnerfrdslnihgaanegil 1,000 MW

Stepsize toIncrease
Solar Power (MW)
=1

7

UM 4.14 vuenisiiinvesmasinihndsnuuaering (Mw) Tussuy

4.2.2 wamsﬂizLﬁu%mﬂ'J'mmmsaﬁﬁagﬂumidamuwﬁwﬂu (ATC)
nansUszdiuldiansidammanunsafisloglunsdesiundsau (ATC) veq
maﬁu%wiaivmwﬁuﬁ (Inter-Area Tied Lines) ﬁimaﬁﬂé’aNémwé’mumﬂﬂéuwﬁmu
LszjaaLmemmwmaumaﬂmuwamaw 1000 MW FalgRndanszarelufiuiin 2 Faay

=

L‘UEJQJG]EJL‘?J’]ﬂU’iuUU‘VIﬁuﬂ‘ULLi\‘iﬂu 115KV ‘EIQZLI‘VN‘VIZLIG] 52 @a1il amwaqmimummamamiu

a a

ﬂ'ﬁﬂﬂ‘t‘i’]@Q“ﬂ 100 MW IG]EJﬂ’]ﬁ\‘iﬂ’]ﬁNaWWLWN‘UU‘Nf\]gLVI’]ﬂu‘VqIﬂUaW\‘i 52 U4 ﬁ’]EJﬁQL"UEJEJG]@
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syieiNunN@eonsenunuig 2 dulslunsinwlauanslilu a15199 4.7 uaznanisuseiiiu
Arruasnsandeglunsdsimundsnu (ATO) dulsuandlinnnsiei 4.8

A5197 4.7 MU UEANSAWTOUADTEUNININUNTDURADAUNUN 2

Inter-Area Tied Lines

No. From To From Area To Area Circuit KV
1 5708 2701 5 2 1 115
2 5708 2702 5 2 1 115
3 4804 2802 4 2 2 230
4 4807 2803 a4 2 2 230
5 5803 2807 5 2 2 230

M19197 4.8 Ansusziiuadaunsandeglun saRUNE I uYDAEEs (BATC) LWause
& dd A o & A )
sgyiefiunnveusefiuiun 2 nadlgu

Power Flow Limit Percentage (%)

No. MW Mvar MVA MVA TTC Uses ATC
1 -94.6 26 98.1 117.5 100 85.9 14.1
2 -71.4 29.6 TP 117.5 100 67.3 32.7
3 -179 -0.7 179 476.9 100 39 61
il -90.9 7.7 91.2 476.9 100 20.1 79.9
5 -146.8 13.7 147.4 834.5 100 17.8 82.2

=+ 2701PCH 0
5708 5R2

~&-27025K! to
57085R2

-~ 2802 CYP
todB0d
Tk 1

=— 2803 CYP
104804

%TCM
o
=

L]
——2B03 KK3
104807

— pvsooMw | | PvicooMw

LS 1
-~ 2803 KK3
10 ¥ 04807
15_2

1 2 3 4 5 [ 7 8 g 10
Step Size to Increase Power of PV (MW)

5UN 4.15 mansuszdiuamuanansanieglunisdesiundanuy (%ATO)

Y

ANV DUADNSIN UL AALAIDIAN AUV UN DUNAADU

NANISANWIANNAITIN 4.8 WU HNTIANgAIUDIE18 @I TDUADTEWININUN
MIDUADAUNUN 2 TR BATC UeenNIN 20% wazNan1suseiu %ATC NaIINNYinNg
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WaNsaNaNUTadkaIRIngnuTUnounageutulaLanalIluUN 4.15 Fanudn %ATC
VDAY EUTDURDTEIINN UM MATLTY wagnisildsuuwdasmaslniluwrasavdaiula
wandlifagun 4.16

8

180 ki ——2701-5708
g 160 *\\A\ —8-2702-5708
140
= ——2802-4804
8 120 R
% 1o RN TR —<-2803-4807
g o —-2807-5803
E 60
% 40
(-9
20 \

Base 100 200 300 400 500 600 700 800 900 1000
Solar Energy Capacity (MW)

JUN 4.16 nsAguwdasmasiuiirluwsazanyds
MPpusisENinsunteuseiuium 2

mﬂwamiﬁﬂmgﬂﬁ 415 WU %ATC  vesangdudouseavuniuiy
sooausiunsansdaiieisluds 100% ngsnniu Aves %ATC ASuanasdnaiailasnn
nan1slnadiounduresingslniindauilom delnimdsnunasefndiintur oo sy
wneauufisinan s Udsuanusaniiuiisu (Sink Area) 1uilufidesne (Source
Area) LWUAEAMANEIAY 2803KK3 to 4807LS 2 HaF1 %ATC yosaedsEiiuTy 100% 1o
Sl ndanuuasonfindiiuiulugaees 500-600 MW wazwdsainiufiuanasdnads
dalusuil 4.17 uay 4.18 Tduans %ATC Wemdlaiihmdsnuuasenfindifiududu 500
MW way 1000 MW Ineranisansinuingl %ATC vesansdsiiidendefuiiui 2 duiiudu
deisuiisuiiussuunsdgiu

s/ 4 i 6
24,',,  l
23
2 {

21 10

11

12

18 1 13 msolar S00MW
17 A 14

16 15 " Base Case

JUN 4.17 Sunaanuanunsafiflegvesaneds (BATC) Wiamdslui
s uliandanuuaeindiindudu 500 Mw



62

27
26

10
11

19 12

18 13 m solar 1000MW

17 14
16 15 W Base Case

JUN 4.18 YSunauanuanunsafileguesaneds (BATC) Wiamasiui
s ilinnaauuasefindiiududy 1000 MW

4.2.3 Fawuzin1suuatugeszuulniinmasdianudesnisivangeanluvaue

fifndwananiwaduaseniinglaildivousie

MAMsANILUR 4.7 wudnaimsdsdtgmdsliihanndsaurad
uasofindiulinsounquuiinaivanvosssutlutaidviinuenudenisgededmnssuy
ﬁuﬁﬂ‘%mmiwamﬁmﬁuﬁaas]‘vﬁaizwLﬁﬂmigggL?mm%aﬂ"ﬂLﬁ@iﬂ/\lﬁﬂﬁﬁmmﬁﬁﬁﬂumiﬁq
Pendsnluszuy Sehlimdlnihdulidemefuviinaivanerahliss vl
wisnmls deduiloannansenuasdesdinismanudestuuaglunsdnwildviing
uugthdmiunsnaunuiieannansenulazenszsiunsassamussszuuliin mdslag
wiadunmamsdosiulsenoudounusyssdulayszeye

1231 wnusoydu

- fouuedesindaluii 10 infesiiitedneivanluszun

- $nwmadeudemedsiifondosswiheiuiiiideusiofuitud 2 Vs 5 aned

- naununsidouseviey gunsalvaweindsluihiaiion (Static VAR) nie
gunsalvaelihidauuudangu (FACTS) duqiifoudesglussuuiiievavonsssunes
sruukaznTElvanvesaneddlvieglurnisaiuay

- auwunsaunnlsRinIINIIAIUALTasTEUUAILANRIEINITHER
§alusf (Automation Generation Control; AGC) LiloAIUANLIINUYDITTUULAL N5 VAN
vosawdslviagluAinisaiunu

4.2.3.2 WHUTTEEYT

- Mawsdlumsfesalsslrilmideuseluiudiildfunanseny

- aunlunsfindagunsaiifiesnseiuaranaiosnmussfusazannise
Inanvesanedtiugunsalvae ininidauuudaeuy

- Mawsdlumsfessaedadulmifiodehundsemilussuy

- muadrilunisussifiuranuannsadifiegvesansds (ATC)
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- naunulunshnasgunsalinuemsensivaeuina (Phase Monitoring
Unit; PMU) @#sutiueannud@desninvasseuulunuaning

4.3 WaN1SANEUNALATLANILEUAINSUNISITYDUADLATDINARN LWWINA 19U

nyuRgudiuszuulniiAnag
wamiﬁﬂmmﬂﬁﬂﬁmmsauﬁ'm%’mm%amiaLﬂ'%'aqwﬁmlmwwa‘”mmmguL"iwvﬁ']
fuszuuliiindgs Tngldmadanisyinsnnszuarunisnishnamdsluiingrenisiiansan
FosnAnduAULER BN LS ITUR USRS AruaiuRd uSunsAnsaAsaeiLdnlud
Tnfluszuumdsluinluuiinisivanzaudududesenlunsimunnieldmnumnzay
watlUselevigeansanuaissnmvasseuulninnds  wanisAinwazeSuienisivun
Nufifmngaudmsunsdeusetrdesiidalniilussuulihmdsiuiinislagldmaina
nszUIUNSTgInsInasdslninlaefinnsandesifnauaiosninusady Tunsdned
dieldlargedulunsinuldhumanlnidvszandlddmiussuulaiidsssmelne
Tnegjafuiiiosesiuununisfnsaniosindaluianndsnunauuniilevisniniy
meldununsiaunmdsliia (PDP2015) Fsnansanwduldvihnisisudisussuineiiud
Fuuniuasnsdasauunssaglussuuliidinaee Tusenidsaniioussmdlne Tnona
nsfnwsadumIinumanssnusienuaissn musssuilarnudesnisivanfistuuay
fdimsuanlufiuitanas Tunsineildldssuulnih i desemalnetsaiifianudonis
Tnangegalud 2013 Wussvugnilumsfine  wamsfnwmuiimadelniildiiausd
annsas sz aslunsansaadesideliimdsnumaunulussuuitudining
diotinanusuaddiszuuidslniilugruremansenuuseiy  wasmadaiotatilulunis
rﬁ’mmmiam&gﬂqﬂmaﬁﬁumﬁu gunsalumed vizormunn1sdnsidsnanveas esida
lylihdwSuszsuumunumdsmsuandnlusi@ (AGO) tisunsesumnuiafiosnmussssuy

4.3.1 wansanwunadafivanzaudmdunisidouse

mamiﬁﬂmlﬁgaLﬁuiuﬂﬂiﬁﬂwumﬁuﬁﬁmmzauﬁm%’umiam&g@m‘%'mﬁ'n,ﬁm
I sumaunudemaianszuiunisiginisiuaanisiwamdslnivuiugu
Fosnnnuadssnmus iy mansanstuldinisSsudisusewinansdfnumnéneiu 2
nsdl Aensdiaudesnislvanlufiuiiiutunasnsdmdnswaniuiuiianasdsnanisin
Iewanslusuit 4.19 uae 4.20 Taggatfuiandnluszuuiiusediu 115 KV wag 230 KV 91nHa
nsAnwlugeansainuiniley 6 Ua (LE, SU, SKA, BR, PKC,NR2) Tuszuuilusausininan
ARy 6 tadRetufiuuginlunsiasaeiosiudalnimdsnunaunls
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115
.;:. 11 #Basecase
o
- ]
Eo 105 .ll m ‘. !' . L " . ] Factor0.1
- 'I | n . i l! __*_l_"__ !. ll [ n AFactor0.2
E " ’ l.*!‘ n‘ *!*.— [ [y A ’ !!! ni.N y n
2 093 .—-ﬁ—- T W R *—— !———-‘-—-!-—l
4 Iy
@ 09
ks
0835
R B N
U} = Critical buses Name ses Hame

JUN 4.19 sUnuusaiulunsaianudesnisivantununfivduaunsensssuuldediosnn

115
#Basecase
T U [ Kk
g
T 102 - L m L W A-02
[k T
§ | Mg w W LT SR PR LA 1 T L | ¥ B o3
5 - LU n ™ -l M \, Lrm | l| m - -
2 v e | W LA ] o~ P a9 Te® ot | Py | | By xo0s
g s T - L i +
g f 005
3 1 -
@ 09 5 06
085 07
Mmooy iz ZonEy xS a0l a2z S Uzl T R A N ] gEZ2oEEzclx 08
EEEEEE N R EL R R L R S L L R R e s
- - . Buses Name
.1 = Critical buses Name

JUN 4.20 sUsuussiulunsaimaimsndnluiuianaaunsensssuuldiatosnn

a
Max Load Increasing =4—=Loadsdemand
= % ™ Tnease imstall ! !
£ 50 With —
%3200 Distributionin———
g 310 [~ CArea Sy 11y )
E 3000 I MHX_ITUﬂ'd-hD . 555. ne
- =]
: 1
‘Ezgon L~ 1 Inaseinstallat
1 I
32800 [— N—" Recommendation S
2 00 1 Area |

Base 01 02 03
case

04 05 06 07 08 09 1 11 12

Loads demand factor

Total Gen. Capacity active power (MW}

g BBEx =

g

Base case |

"
&
8

=sr—Gen. Capacity

| Min Gen Decreasing |
r—Tcase instattat—
| .

Incase install
With
Area

-0.2 |
-0’
0.6
-0.8

Gen. capacity factor

5UN 4.21 (a) mswSeuiisumsiiinduvedlvan; (b) N1siIeuliigunisanadinganisuan
5¥NI9NSHRRLATBIN LI NN NS U AUl UL L UEE LA NSRARILUUNSEANE

Tuguf 421 lawaninan1siUSeuliieureaninuuanAevesiuinIsAne

39t Ta AN TuszuU AN A SR aUsENaUMsNUN LUz ULas AR Insza18n lUTuN LD

P9UUA 52 VaNTeauksanu 115 KV Tuiun2 1nan1aan1snanlanesidyiniuae 200 MW wa
ANSAENBINUINNITAARLATDIA DA AP LN U kU050 5995 UL NaM AT UNINNIN
Anwuunszatemilue 240 MW Tagguwuuussiulananslilusun 4.22 uay 4.23 uasdl

A111905095UNSINSHARaRNadlALININDY 245 MW
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Voltage Limit at load factor 0.4 (at Bus SKA, BR, PKC) },_}

I R ——
1 —*ﬂ-‘._\ﬁ #Base
o |

s
. :

o= - < mo.1

e A2

- %03

04

H
i
i

.
i

o

Buses Voltage (p.u.)

H
2
A

e o0 02 03 04 [ 3

4. Load Factr [}

’ “ﬂ“u““

[
=
.
b
f
=
el
£ -]

IR ]

=]

o

b
.

Buses Voltage [p.u.)
e

(=4
in

=)
=
o}

o
=

15 7 Voltage Limit at load factor 1.1 (at Bus BNN) =N T e
mo.1

11 < —
» 40,2
105 L x03

Buses Voltage (p.u.)

. . ll I fa 04 02 03 o‘u:js 0607 0803 1 11 (0.4

R R YT TR

i I L) T ‘- - ‘" il i .
[ "

=)
e}
&

~HEETS
g
- W
— ety i
RS-

o
i

i
0.85 1

dedede

zzzzz

Buses Name

JUN 4.23 sduvuussiulunsallvianiiuvdnaenaesesiilialiinuiuniuegd

p A
a o/

4.4 NANISANEINISNINUANUNAAAIBUNSAILNAATLANISENLAZIATDINL DA LW

9
v A

ABUAUBIMANNAENIZAUAINIIUAY Tantalila (Multi-Line Buses) aeldnisitasnzy
nzandu
=2 A A o (J & A a S a o 6 o/ o w

Han1sAnwliiednausnIiInUANUNNSARRIAnRIgUNTIFIYALYe AaelnT
wadlou (SVO) waznaunIsanialuilunisnevaveuiaiuaiuduadliiu dad-lauda
(Multi-Line Bus) mgleinsimsiznaniizaniau lussuulwihidelagldnisinseinig
a L4 o w (3 o & A
Anseiandlanisivaidalnin lnegeussasivessuuuulunsimunituimingadlunis
Ansagunsalamaeluvhmduutanegu (FACTS) Tnitiagiangasdmsy Jan-laudawseiu
Ange Felunis@nwilaldwmalianisiiesizvmaslniluawuurignlunisrundawssdu
ngaluszuuliiinmds  aisUsziliuannuduasrestanalsaisdeiuaziansands
Aanuansalunsaglouniegvetansdueuseiudanatvaivdell uavdmiuagunsal
wadluunauilazygaiulunnishadeigasemasliiatiouainlussuu nan1sfinw

Y 1o a a o 1o v 1 = [y a & =i
wanslviiuindimadanduauelvndvilviaanuadosamuwssduliiniuduwdluouei
Ysuruaudesnislunisinaaiiinduiazangldaniizanid uilieonnnsgunsalunadly
RSN B Y
d’l d‘ o a v 5 ! o U

wenaniiesesiulaliimevausmantuaiuisanivaunisaelaumaslniily
avdwavarunsalesiuargddlasuniselnaniu Fmawaittulianuduasesdanaiy
anedatuingy lussuuliihunelngdudenfiduuvesiadluszuvegdudviuuin 3z
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Fousdemsaodeingitonnuiunmesszuulninms wasurardaduenandeudeiu
anedssuaun, wisssudalndin, wilsulasiniiy wsogunsaluvlad TuunenuidiSenta
i fad-ladia (Waruasdmansae)funmsussdiuaudaonfovestad-latia
waznsNnsusumsesfuiianudnduiozdesdnulneanzegnaddunsaliliiiasdegn
Uanoeon Fsnansznuainanedagnuaneenazyinlinsaieloundsaulninlifesodmsu
anudesnstnaavidevinliaedsuuiad-lavda lasulnaniulaeanyegdeiussuuing
susvuuliliuasorindounslvgdlusyuu Sellgmiiluiymilddydmiunistmun
Bmstewaialunistosiuuazanuansznuluszuulnih s lunsinuidldjadulud
MsUsulsaadesnmussiulnih wagmsnaumunstesiu Tnesafenisussifiuanusiung
vosifad-latidta AInganisdunssdulni luns@nuldldmainnisiaszinisina
daluiuuuiduagseos iemdaningamisiuussiulndinluszuuli fds g
Yoyavesifad-latia AMngaveduussdulaiumand annsoiluldlunmsdaaiunay
auayulunsfiarsaning

drusunisansansssindalninlud uinunluszuy unauiiviaueiuii
wangaslunisiadegunsaluiaduasimvuaedosinislvilneuausmdnlunisifiuain
supsiuiiaf-latta Tumsussfiumnusiuasiai-ladva axfiansanauansalunisae
Toudifiog (ATC) vesansdudensofuiasonaeds Tage ATC agfiansannelidndrinves
mmfoulumize MVA  Faagdesiiinnniindt 20% drumsinsgsinaalivesnisiva
dslatiszneusie uisiulnuames (Generation Shift Factor; GSF) uazuslanes
N1snsEA1EIINaEdIgnUaneen (Line Outage Distribution Factor; LODF) lngUayadn GSF
wihluUszgnddmiunsimuneiesiudalninnevausmsndmiunsmuaumsdelou
dsliivosaedavanidanisinuadadlély ssuuliihidsssmalneyiuuss adu
szuulrlihidslutasiszuuiiviinuniudeamsivihlnihgegelud 2014 Mduszuunsdl
§1U %qizuuﬁﬁﬂé’amimammaﬁ 27,600 MW Fesauidslniianndsnunaseiing
Unaulnanuesszuusgi 26,810MW wagfdslnihgaide Tussuveedl 590MW wagszuy
lefinnsimundndiia n1smuauvesusasiuliling 0.95-1.05 pu. wagiesidudlvanves
anedeiuazliiiiu 100% nan1sanwlaldlsunsy POWERWORLD wag DIGSILENT d1msu
MsdraesuarnTiAIinadanansAnwldjadulunmsiuaaanuifimnzadlunisde
Nsgunsalvaslimduuudandu Tussuulagnmsimumedesiudalilihnouausmdn
Tunsiiuausiuasiutamumeds aelfszuuluanneanidu lunsAnunidldldszuulai
dassmelneyuiulgslud 2014 Huszuugu Fwansdnwiuanusousnuansdneld
douivenanae

4.4.1 wamsAnerwunimsnzaslunsinasgunsaluvad
Tunan1s@nwunlalgwmaidanisluanas Wi uug @ nsunIsS TN UAE1UN

(%
Y

AnAsvasgunsalvaelnihmaswuudameu
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Voltage (p.u.)
o 0 Lower Voltage Bus
¥T,

Load Factors
#Baxe
mi.l
402
<0.3
r0.4
e05
+0.6
-0.7

18]
0.9
ml

1.1

UM 4.24 msidsuwdasssiulunsalunaweianuseinisivaniiuyy
unseviassuuliiatiosnn

Tnegatiunufuunaniuiidasvesgunsaiunadg seuuludiiidania
nziusenideanilovesusunalng SunedaiarlimafinturesuSmamudesnsivanly
szuulagasiansanmnuadesaimwssdulni Tunasuidansesuingalussuy (Critical
Voltage Bus; CVB) Immmmmnﬁuﬁmaﬂwamagﬁ 0.01 %38 1% vaslnanlausIu
ﬂszmum51/‘1’1651%13‘1/‘1’1@wuﬁluﬂdﬁsw%hjLﬁﬁmmwﬁ’amﬂé’uﬁﬂqm (cvB) flFarnmsfinu
fidie anwditmunzanlunisdmisgunsalunad JawanisAnwinismdaniuanedeiiings
TERELY: ﬁ'ulé’uamlﬂugﬂﬁ 6.2 Fanuirdvilwssuingedaife Ta BNN Setaiilutad
viofiuimnganlunsdninsgunsaiuadifiedis fmatiosnnussiulni luiui nng
Wasuudasusesulwihwes Ta BN (CVB) 5mmsmmmiugﬂﬁ 4.25

0.98
0.96 N‘

0.94 \A

0.92 \

0.9

Bus Voltage (p.u)

0.88

0.86

Base 0.01 0.02 003 0.04 005 006 007 008 009 01 011
Load Factors

JUT 4.25 mMsivdeundasiseiuluives Ja BNN (CVB)
lunsaluleimesanusesnisivanluiuiiiugy

9n3UN 4.25 wandliiiuanuissvesdanssiuingalussuu Fedausasiu
Ingeilanunsauansislugun 4.26 waznanimagaunsAuLsUlAlensiafe SVC
anunsauandlugun 4.27
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2748 BNN: Voltage, Magnitude in p.u.

3U# 4.28 Msidsundaswaanssiuliihsevidvaniinduiaznisininuves SVC
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sUf 4.28 wandlifiunmvestiaussduings 8 (Biuwbu) 1¥Rnda SVC uay
Tvan iilenaaeunsiruusasuliinge sve maveaeuldifisivanlvaniias 4 MW sonns
dinitazads auniuseiulndhivaszeinin 0.95 p.U. LaTndIIntiu SVC 9x¥ineu
(Switch ON) auniuseiulnihaziaulagdediAigndt 0.95 p.u. IneA1veas SVC Tuns
WaAsuazde 10 MVAR siomshauiiazads

4.4.2 wanisAnwmImuaaIasnlaliinneuausmanRaNAUsTUAS
Tnusiad-ladus
Tuns@nunildatiulunissedunuiuauasnstnuaadesdiin
Tt nevausmanfioiuauiuadiiuian-ladvadsvasinanoddmsunsanuaily
TnfauuiasAnwiaiodafiid ourouazdad 1 undaa1usEnineiiud Sasiuanoddiniy
msfnuldiBeuroansdesswing Area 5 way Area 1 fauanslusuil 4.28 3 Uall Ao va
KK3_ 2803 Geil anvds 12 anvdauasSsiivile SVC (Wousiang

4.4.2.1 wamsUszidiusanisinuimnuiuasasmaeds

mMsUsufiuvarsanusiunsasuaeddldldmsiiasesinmaansa fifleg
Tun1sdaIundanu (ATO)  wagnsimsIevikiamesn1INszaIgnaledignuan (LODF)
melfszuvaniizanidu annzanidulunmsfnmadilddnwinsdlaedsiidonsatudagn
Uanoon nansAnuilduandlsiilumsned 4.9 uag 4.10

M13199 4.9 mansusziuANEsaiisiey (ATO) vesawdsiiiieusiaiula KK3_2803

Available Transfer Capability (ATC) of Transmission lines

Bus No. | Base 2803

2802-1 61.44 | Trip | 38.6 | 61.1 | 61.1 | 61.3 | 61.3 | 61.4 | 61.4 | 61.3 | 61.3 | 56.2 | 56.2

2802-2 61.44 | 38.6 | Trip | 61.1 | 61.1 | 61.3 | 61.3 | 61.4 | 61.4 | 61.3 | 61.3 | 56.2 | 56.2

2804-1 81.64 | 81.2 | 81.2 | Trip | 66.4 | 81.8 | 81.8 | 82.1 | 82.1 | 81.8 | 81.8 | 81.3 | 81.3

2804-2 81.64 | 81.2 | 81.2 | 66.4 | Trip | 81.8 | 81.8 | 82.1 | 82.1 | 81.8 | 81.8 | 81.3 | 81.3

2805-1 7255 | 729 | 729 | 72.7 | 72.7 | Trip | 65.0 | 723 | 723 | 65.9 | 65.9 | 72.6 | 712.6

2805-2 7255 | 72.9 | 72.9 | 727 | 72.7 | 65.0 | Trip | 723 | 723 | 65.9 | 65.9 | 712.6 | 712.6

2806-1 57.09 | 59.3 | 59.3 | 59.3 | 59.3 | 55.5 | 55,5 | Trip | 17.6 | 55.7 | 55.7 | 57.7 | 57.7

2806-2 57.09 | 59.3 | 59.3 | 59.3 | 59.3 | 55.5 | 55.5 | 17.6 | Trip | 55.7 | 55.7 | 57.7 | 57.7

2813-1 72.6 | 729 | 729 | 72.7 | 72.7 | 65.0 | 65.0 | 72.4 | 72.4 | Trip | 62.6 | 712.7 | 712.7

2813-2 72.6 | 729 | 729 | 72.7 | 72.7 | 65.0 | 65.0 | 72.4 | 72.4 | 62.6 | Trip | 712.7 | 712.7

4807-1 747 | 702|702 | 74.6 | 74.6 | 74.6 | 746 | 74.8 | 74.8 | 64.6 | 64.6 | Trip | 61.4

4807-2 747 | 702|702 | 74.6 | 74.6 | 74.6 | 74.6 | 74.8 | 74.8 | 64.6 | 64.6 | 61.4 | Trip
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A1 4.10  NaNISIASTIEMLNALABDSNNSNSEANY  (LODF)  wesa1gdaiiiausanuld

KK3 2803

Line Outage Distribution Factors (LODF)

Bus Number 2803
2802-1 Trip | 559 | 05|05 |-12]|-12|-06 | -06|-11|-1.1 | -183 | -183
2802-2 559 | Trip | -05 | -05 | -1.2 | -1.2 | -0.6 | -0.6 | -1.1 | -1.1 | -183 | -18.3
2804-1 2.0 20 | Trip | 843 | 24 2.4 2.0 2.0 2.1 2.1 1.0 1.0
2804-2 2.0 20 | 843 | Trip | 2.4 2.4 2.0 2.0 2.1 2.1 1.0 1.0
2805-1 1.3 1.3 0.6 0.6 | Trip | 26.5| 0.5 0.5 | 236 | 23.6 0.7 0.7
2805-2 1.3 1.3 0.6 0.6 | 265 | Trip | 0.5 0.5 | 236 | 23.6 0.7 0.7
2806-1 7.0 7.0 5.9 5.9 5.8 58 | Trip | 92.2 | 5.1 5.1 3.5 3.5
2806-2 70 | 7.0 | 59 | 59 | 58 | 58 | 922 | Trip | 5.1 5.1 3.5 3.5
2813-1 1”3 1.3 | 0.6 | 0.6 | 268 | 26.8 | 0.5 0.5 | Trip | 35.6 | 0.7 0.7
2813-2 1.3 1.3 | 0.6 | 0.6 | 26.8 | 26.8 | 0.5 0.5 | 356 | Trip | 0.7 0.7
4807-1 104 | 104 | 0.1 0.1 04 | 04 | 02 | 02 | 03 | 03 | Trip | 51.6
4807-2 104 | 104 | 0.1 0.1 04 | 04 | 02 | 02 | 03 | 03 | 51.6 | Trip

Fenurszuulniindsluansund angdsniendasiuandaiian ATC Lyl
A1N31 20% Tuvaneanutaniaediiiauiuasgadagaedaiaundivn iy

lunssessumstiuduvedivan winieldanneandu annislanavdaudazidunuinais
a9 nuneauiile 2806-2803 anedudutignuaneenazdwaliaedenlasuniselvaniuuay
lvien ATC vesangaudutiuningy %20 dawansluzun 4.29

A15197 4.11  WANISILATIEALIULLTTUTNUNALMBS  (GSF)  weeanvdsiidieusanuld

KK3 2803
Generation Shift Factor (GSF)

2803-2802 | 2803-2804 | 2803-2805 | 2803-2806 2803-2813 | 2803-4807
Gen. | GSF | Gen. | GSF | Gen. | GSF | Gen. | GSF | Gen. | GSF | Gen. | GSF
2011 | 0477 | 2021 | 0.846 | 2040 | -0.324 | 2021 | -0.117 | 2021 | -0.013 | 2021 | 0.542
2012 | 0.477 | 2022 | 0.846 | 2004 | -0.324 | 2022 | -0.117 | 2022 | -0.013 | 2022 | 0.542
5041 | 0.464 | 2024 | 0.846 | 2064 | -0.325 | 2024 | -0.117 | 2024 | -0.013 | 2024 | 0.542
5042 | 0.464 | 2025 | 0.846 | 2051 | -0.325 | 2025 | -0.117 | 2025 | -0.013 | 2025 | 0.542
5045 | 0.464 | 2023 | 0.846 | 2063 | -0.325 | 2023 | -0.117 | 2023 | -0.013 | 2023 | 0.542
5043 | 0.464 | 2026 | 0.846 | 2053 | -0.325 | 2026 | -0.117 | 2026 | -0.013 | 2026 | 0.542
5046 | 0.464 | 2734 | 0.444 | 2054 | -0.325 | 4011 | -0.132 | 4034 | -0.025 | 2041 | 0.534
5044 | 0.464 | 2735 | 0.444 | 2052 | -0.325 | 4033 | -0.132 | 4035 | -0.025 | 2044 | 0.534

wazlums19n 4.10 wanslmiiuinnIsias1znnaAmasn1snsEa1y (LODF)  danedan
WonsiaduUa KK3 2803 virlinsiuinatsdudulnuiarudidglunisdainundasnuiie
se95UNsasanglaunasuUN8lFNSUana18@I0aNUBILARY AR
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ahntswl_2803 1

o Over load\

5 Crt Ena ]
azpn | | 4880 3158 | | 315
050 5 A1) 1782

U
Ine: 2803 2808 2

Ine:_2603_2804_1
Ine:_2803_2804_32
Ine_Z803_4807_1
Ine_Z2803_4807_2

Ine_2802_2803_1
Ire_2002_2803_2
Ina_2803_2805_1
Ire_2803_2805 2
e
re_2803_2813_1
Ine_ 2803 2613 2

4307 LS

2802 CYP

U 4.29 ¥a KK3 2803 Tunsdifiensdsvsneian 2803-2806_1 gnuaneen

1.4.2.2 matmuseieaiidalnihnouausman

nsfmunedosdalifinouausman duazldlideyaauuisiuinuva
wes (GSF) lunmsideniaseadinliilasazideniedesduialuifien GSF gegndetoya
031 GSF vasmsmsloumhadluihuswusiazanydsliuanslilunised 4.11 lunsdilansds
el 2803-2806_1 gnuansenagyilviaedemaneiay 2803-2806_2 lasunisslvaniiu
fedudiovhnisfinwan GSF vesansdmuneiay 2803-2806 2 nudnguiaiesiuialiidi
POUALBIMANABMINELAY 2021, 2022, 2024, 2025, 2023 WAz 2026 uAlunsditidon inTes
Aulialrifimeuauemdndevaneiay 2021, 2022, 2024 wag 2025 levhnsiIsuiiioy
Adsnsudatsnuindifidanisudniigeuasiviniu ImwamiﬁﬂmﬁummmLLam"Lé’é’agUﬁ
4.29-431 luguil 4.30 GulfuansdenisfAunesaiaruansafitoguesatsds (ATO)
meaY 2803-2806 2 Wiiintuuasyililillisunsyivanifu

100.0
90.0 -
80.0
70.0
60.0
50.0
400
300
20.0
10.0

0.0

%ATC

2803- | 2803- | 2803- 1 2803- # 2803- 2803- 2803- | 2803- 2803- 2803-  2803- 2803-

2802_1 2802_2|2804_1 2804 2 2805_1 2805_2 2806_1|2806_2 2813_1 2813 2 4807_1 48072

B Base 614 614 | 816 8L6 726 726 571 | 571 726 726 747 747
H2803-2806_1trip| 614 614 | 821 8.1 723 723 00 176 724 724 748 748
1 Recovery 487 487 | 898 898 729 729 00 | 200 728 728 670 670

5UM 4.30 MsidIeuliiguatauansafiegvesaeds vianeway 2803-2806_2
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e e e [[12_2803_2805_2: Total Active Power/Terminal iin MW
m— == ne_2803_2805_1: Total Active Power/Terminal i in MW

== mwen |ne_2803_2804_ 2 Total Active PowerTerminal jin MW
Ine_2803_2804_1: Total Active PowerTerminal jin MW
—me=p==n= Ine_2802_2803_2: Total Active PowerTerminal i in MW

— W e u Ine_2802_2803_1: Total Active PowerTerminal i in MW
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— — — - 11f 2804 2021 _1- Total Act

ve Power/LV-Side in MW

= = = = frf 2804 2022 1: Total Active Power/LV-Side in MW
e = 1 2804 2024 1: Total Active Power/LV-Side in MW
tri 2804 2025 1: Total Active Power/LV-Side in MW

nsaguudasnisaeleudidaliiivesudazasdiuaznguiadoaiuie
Iylihmeuauswdnanunsauandluguil 4.31 uas .32 Fansnsaidiassanunsnesunele
1. e 1 3uf inauRansesuLasdmaneiay 2803-2806 1
AN 1.05 3unt [24) anedsvaneiay 2803-2806_1 gniamasn
e 3 3undl andidsmsndaieiosiudnlwin2021 vunn 60MW

N O A W DN

JUT 4.32 nsdsundasmdsiiiihduesnvesnguinsssilialiiinevausandn

187 4 AU anndInNIsHAnLATeIR LA LNHN2022 Y1 60MW
. 7387 5 AU annaINIsHanAIeIn I tNiN2024 Yu1n 60MW
187 6 AU anndINIsRARLATEINEALNTHN2025 YR 60MW
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4.5 wan1sAnw1isn1sUssiiulaauaiunsaiiteglunisdeitundsanu (ATO)  Tae
Narsantindafanisdentsidawdalui (GDL) wazfdsmdnwdenunyuiioudienis
Ansgianulimsinaniidslni

nan1sAnwsulsznevlufenistuuniaiesiudaliiiuieduduiinguindes
AudamanifienuddglunsdsriundinuuuaedauaznisUssiuaanuannsofied
yosands MmeFsnslnilaiouiisuiunsussifiudanuanansaiidegvesansds e
nsasanAdineuALSeuvesEnyds

451  wanisBuduinguieiasinilalviiiisidnansenuiidsluia (Mw)
gegarenguiaIasilinliniifiannuddnlunisdeinundsnuuuaeds
an1sAnsildiletuduiinguiaiossnlalifihifewansenumaalnd
(MW)  gagafenguiadeasudalniiidauddglumsdsiundsnuuuaisds 3y
msfnwldnsnaeunanismevaussaieaiidalnlinainnisiaesvnmsaianededidonsio
fufaflativa (Multi-Lines Bus) lé¥unisglvaniu Inewanisdnuildiuisuisuns
Lﬂ?iauu,ﬂaﬂmi?iﬂsiwuwé’ﬂaﬂuiuﬂiajﬁﬁmsﬂamﬂ%aqﬁwLﬁmlw%ﬁﬁﬁﬁqmimamqﬂuﬁuﬁ 2,
4 uay 5 Femmdamananaiosdaliiddlduandumsd 4.12 Fswanisnuly
msfuuanguasesfdaliiiiduisiulnuiames (GSF) geanvosasdmneia

2803-2806 lauanslilunisned 4.13

AN5199 4.12 VanUAAIAMUNSaULATBIN O INHN ALY

High Generator Capacity each of Area

Area Gen Number Gen MW Min MW Max MW
2 2011 250 100 250
a4 4048 295 120 300
5 5043 240 106 265

M13199 4.13 Temmuaainguiasesiillalififian GSF geanuasaneds 2803-2806

Generator Sensitivities

No. Gen Number Power Sensitivity Gen MW MW Impaction
1 2021 0.861 120 103.32
2 2022 0.861 120 103.32
3 2024 0.861 120 103.32
a4 2025 0.861 120 103.32
5 2023 0.861 110 94.71
6 2026 0.861 110 94.71




2803 KK3

74

7
5
Py
101 -
it 17643 17643 17018 17018 13338 13328 3ET 0. 13304 T3a.07 117.02 AT7.08
| [ T | [ 5| [B2 S| [ 2 xRy | e
] | [ha 28| | BE 8 g 8 | |30 2| | B8
i3 g 5§
o N o ] il M
4 & g g 2 g 2 ] gl g
g o o
8 g 81§ g & LI & g 81 8
! & H o P £ & o o H &
g g g g g g
g & g 8 gl B
t ¢ ¢ ¢ ¢

2802 CYP  pomeee

9
Li]

Ui

=
7

SUTl 4.33 anvdsifensauutamneay 2803 Tngldlusunsy DIgSILENT

4

n

2806 KK1

Ine_2803_4807_2: Total Apparent PowenTarminal i in MVA
Ine_2803_4807_1: Total Apparent FowenTerminal i in MVA
Ime_2803_2813_2: Total Apparent PowenTerminal i in MyYA
Ime_2803_2813_1: Total Apparent PowenTerminal i in MYA
Ine_2803_2806_2: Total Apparent PowenTerminal i in MyYA
Ime_2803_2806_1: Total Apparent PowenTerminal i in MyA
Ime_2803_2805_2: Total Apparent PowerTerminal i in MyYA
Ime_ 2803 2805 1: Total Apparent PowenTerminal i in MyA
Ine_2803_2304 2 Total Apparent PowerTerminal i in MyA
Ine_2803_2304 1. Total Apparent PowerTerminal i in MyA
Ine_2802_2803_2: Total Apparent PowerTerminal i in MyA
Ine_2802_2803_1: Total Apparent PowerTerminal iin MyA
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4.34 Fydnvalvesasinidsinuluudavasdiidendefutanineiay 2803
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Apparent Power (MVA)
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Ine_2803 2804 1: Total Apparent Power/Terminal i in MVA
—me=n=n=|ne 2802 2803 2: Total Apparent PowerTerminal | in MVA
— = u e 2802 2803 1: Total Apparent Power/Terminal i in MVA
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M19197 4.14 Armdsliiivesngueasesiilalnindaiauustudnunawmes (GSF) gean
Uuanees 2803-2806

Availability Declaration
Generator Output Limit Max Use Remain
Gen Gen Min | Max | Min Max
No. | MW | Mvar MW | MW | Mvar | Mvar | (MVA) | (MVA) (MVA)
2021 | 120 45 48.4 | 121 | -30.25 45 129 123 1
2022 | 120 45 48.4 | 121 | -30.25 45 129 123 1
2023 | 110 45 452 | 113 | -28.25 45 122 114 3
2024 | 120 45 48.4 | 121 | -30.25 45 129 123 1
2025 | 120 45 48.4 | 121 | -30.25 45 129 123 1
2026 | 110 45 452 | 113 | -28.25 45 122 114 3

TunsaiAnwdnanisdnenisiraniaatnddanunsassunelananisei 4.14

TnglaUSauiisunisusediuan ATC vadaeddlaeSeuiisuiunanisdneiunisuseiiu

rj’ a b IS ° v v b4 [ PN = d'
UUWUEWUﬂqi‘UigLllu@]’lEJSU9]"\]Wﬂﬂﬂ']UFYJ']@Jﬁ@uGU@QﬁTUa\TWQLLﬁ(ﬂQIu@'ﬁW\‘]W 4.15 YIN1TNN

4.14 lakansA1dninnnaianunsauvadasaenialildiwaziiaalnilndaussnueaIaq

el usazeSasnasHIunauuLalsdnlowanal i lunsnen 4.13

Sou

a@ulums199 4.15 TUlALARITAAIUEIUITAVDIENYEINILTIATINAAIUAIY
SouvIaNYAIINLEaY 2803-2806 AatuNan1sUSEIUAT ATC Y99a18dInl835n1stvatule
wandbalum1971997 4.16 TeeSousunun1suseiiuan ATC 989a18a9928ANINNAIUAINY

A157197 4.15 ANUEINITOARIUNSLUVDIELES 2803-2806 LA8NANTUNITATINAAINTBY

Line Capacity with Thermal limit considering

Line From From From Lim Remain Max
no Circuit MW Mvar MVA MVA MVA Percent

2803-

2806 1 396.2 36.2 397.8 476.9 79.1 84.4
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M19197 4.16 Han15UsEIuA1 ATC vasaneds 2803-2806 aglaiansanngunasnunauny

The ATC assessment comparison

Considering Method TTC ETC ATC
Thermal limit 476.9 397.8 79.1
Availability Declaration limit 760 750 10

[
1 Oy

NANISANYIIUANSIN 4.16 NuIwadalun1sUseliuna ATC Tudfitudan
TTC gslunsdaiundsnuudal ATC duliidosninfloWieuiunsussliusiedninnie
AMUSOUVDIFBE

452 wan1sUszdiuAuEdesnmussfuLazAtamaunsansieglunsal
fansaunuaglifnsumdsnunaunuiidoudsluszuy
wan1sAnwulddatulunsdnuiaiosnmussiunagnsuszdiue ATC
vesengdsiidousotu fanlaivaitngaussiuilolvanlussuuiintudeszuulunsfinundy
gvhnshass Mdamdsliiueaduasonfinduuin 9 MW dndaivawsedu 115 kv Tu
fiuf 2 Tnensiisivasluszuudmsunmsinwiduldvinisifiadiay 0.01 wie 1%vesinanly
fiudl 2 fmueuazaginmaifisivansunseiszuuliadesnmlneldmedanisiuinnis
Tnarmaslalfuuuiing, (Repeated power flow technique) lngnanisAnwinuiInianlal
Savaneiay 2707 IdAndngaduussdusaeluiiui 2 Avasurlemes 0.09 Kuandugui
4.41

1.05

0.9

—6—Bus 2707 voltage

0.85 ~—
0.8

Bus Voltage (p.u)

0.75

Base 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

Case
Load Factor

sUT 4.41 nswdsuudasuseiundanuneiay 2707
MeladndnfnanuatiosnInuwsan
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Bus: SU (2707)
Area: 2 (2)
Zone: 1 (1)

56.1 MVR

.

80

1.01 pu
116.18 KV
-23.71Deg

0.00 $IMWh

46.0 MW
19.8 MVR
[ 50.1 MVA

2705

1.01 pu
116.67 KV

M samw
7.7 MVR
19.6 MVA

<l

CKT 1

2750

26.2 MW
8.1 MVR
27.4 MVA

1.00 pu
115.21 KV

0.98 pu
113.26 KV

el

B 316MW
7.8 MVR
325 MVA

J

CKT 1

2213
1.05 pu
23T KV

W a23mw
2.7 MVR
32.4 MVA

i

1.04 tap

CKT 2

2214
1.05 pu
23.09 KV

sUTl 4.42 Sfalavdta (Multi-lines Bus) sngtan 2707 Tulusunsy POWERWOLRD

Uamneiay 2707 Tugui 4.42 duasiiaedudousdeidiunegaeavdaniy
Japeinn1susidiuAn ATC vesangdapuduiiemamanlniiveaasosdnilalnisly

AV 1 a 55 o w Y] A A ' 2 %
Ny biNA1TUIBaE AT NI NS Unanundausalussuutulawanal ATy
A15197 4.17-6.20 wazkan1sAnwINIsUsEiuan ATC dulananalily ans199 4.21-4.22 way

SUTl 4.42-4.45

M15199 4.17 nguiesesinlaliihvdnndisnauustuinunewmes (GSF) geanuuaieds

2705-2707
Generator Output Availability Declaration Limit | Max Uses | Remain
Gen Gen Min Max | Min Max
No. MVA | MVA MVA
MW Mvar MW MW | Mvar | Mvar
2011 | 249.67 | 53.1 100 250, -62:5 125 | 279.51 | 255.25 | 24.25
2012 | 249.67 | 54.23 100 250 | -62.5 125 | 279.51 | 255.25 | 24.25

M19197 4.18 nauesasindaliindsnunaununiaaunsduinuiewes (GSF) gen
UUAYES 2705-2707

Generator Output Availability Declaration Limit | Max | Uses | Remain
Gen Gen Min Max | Min Max
No. MVA | MVA MVA
MW Mvar MW MW | Mvar | Mvar
2705 9 0 0 9 -3.87 3.87 9.8 9 0.8
2706 9 0 9 -3.87 3.87 9.8 9 0.8
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A5197 4.19 ﬂEjNLﬂ%@ﬂﬁﬁLﬁﬂlWﬂ’mﬁlﬂﬂumLﬁ]uLuLﬁﬁﬁu%WLLWﬂLmag (GSF) gegauuanyda
2715-2707
Generator Output Availability Declaration Limit | Max | Uses | Remain
Number Gen Gen Min Max Min Max VA | MvA | MVA
MW Mvar MW MW | Mvar | Mvar

2003 11.98 6 4.8 12 -3 6 13.42 1 1340 | 0.02
2004 11.98 6 4.8 12 -3 6 13.42 | 13.40 0.02
2005 11.98 6 4.8 12 -3 6 13.42 | 13.40 0.02
2040 7.29 -4 4.5 13 -4 6 14.32 | 8.32 6.00
2040 1.65 -0.75 1 3 -0.75 1.5 3.35 | 1.81 1.54
2040 1.65 -0.75 1.2 3 -0.75 ., 335 | 1.81 1.54
2040 7.09 ! 4.5 13 -4 6 14.32 | 8.14 6.18
2040 7.09 -4 4.5 13 -4 6 14.32 | 8.14 6.18
2051 33.96 5.03 13.6 34 -8.5 17 38.01 | 34.33 3.68
2052 33.96 5.03 13.6 34 -8.5 17 38.01 | 34.33 3.68
2053 33.96 5.03 13.6 34 -8.5 e 38.01 | 34.33 | 3.68
2054 33.96 5.03 13.6 34 -8.5 17 38.01 | 34.33 3.68
2063 61.65 6.9 2 70 | -1575 | 315 |76.76|62.03 | 14.73
2064 61.65 6.9 25.2 70 -15.75 315 | 76.76 | 62.03 | 14.73

M13199 4.20 nauesesmLdalnfindsnunaunundenauutugnuiames (GSF) gen
Uuaneds 2715-2707

Generator Output Availability Declaration Limit Max | Uses | Remain
Gen Gen Min Max Min Max
No. MVA | MVA MVA
MW | Mvar MW MW Mvar Mvar
2715 9 0 0 9 -3.87 3.87 9.8 9 0.8

AN5199 4.21 wanisusEiuAANNaNLsailied (ATC) veasasddaglunaisanniaalnii

IANAITUNALLNU

Y

Line Base case at Load Factor 0.09
Considering Method
No. TTC ETC ATC TTC ETC ATC
2705- Thermal limit 104.2 50.1 54.1 104.2 53 51.2
2707 | Availability Declaration limit | 559.02 | 510.75 | 48.27 | 559.02 | 559.02 | 0.00
2715- Thermal limit 179.1 274 | 151.7| 179.1 30.9 | 148.2
2707 | Availability Declaration limit | 395.49 | 329.81 | 65.68 | 395.49 | 341.00 | 54.49
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POWER (MVA)

LOADFACTOR

U 4.43 mswasuulasindslaihdsing (ETC) uaneds 2705-2707

TaglaiRa1sanmasluidnannndsnunawnu

TTC
450.00 EATC

"ETC

350.00 -

300.00

POWER (MVA)

250.00

200.00
Base 0.01 0.02 003 004 0.05 006 007 008 0.09
case

LOADFACTOR

SUT 4.44 nsidsuutasidalalihdssing (ETC) vuaneds 2715-2707

TagluRasaniiaslndiannnasmunawnu

mamiﬁﬂwﬂu'gﬂﬁ 4.43-4.44 Junrsuseidiuan ATC  Taslufiansan

AMaslnirnnnadsunaunuluszuuidalnidaanisAnwinuin A1 ATC vasaneds 2705-

a a

2707 mgdsusziiivnuumaialndulagnitdadrdeluirdeiuilvanunames 0.09
WULREINUAUTAINAANULSIUTUIULTANTSUSEEUAT ATC  A28N1SNIISUIAIINAAIU
Anuseutudiligninin dwsuludiuvesamedmaneay 2715-2707 dudaligndndnnis

deiundsnudniuianlaudaiozfevinisusulsussiuiiedesiussuuliedosnw

M19199 4.22 wan1sUsEiuAIAIANENIsailey (ATC) vesmuddlagiarsanmasing
PINNFLTUNABNU

Line Base case at Load Factor 0.09
Considering Method
No. TTC ETC ATC | TTC ETC ATC
2705- Thermal limit 104.2 50.1 541 | 104.2 53 51.2
2707 | Availability Declaration limit | 560.62 | 510.75 | 49.87 | 560.62 | 559.02 | 1.6
2715- Thermal limit 179.1 274 | 151.7 | 179.1 30.9 | 148.2
2707 | Availability Declaration limit | 396.29 | 329.81 | 66.48 | 396.29 | 341.00 | 55.29
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TIC
570.00 NATC

560.00
550.00 -
540.00
530,00 -
520.00 -
510.00 -
500.00 -
450.00 -
480.00 -

POWER (MVA)

Base 0.01 0.02 003 0.04 005 006 007 0.08 0.09

LOADFACTOR

SUT 4.45 nsiasuutasidalviihdssing (ETC) vuaneds 2705-2707

TagR1sa A NHII NS UNALNY

TIC
450.00 BATC
sETC
400.00
<
2 350.00 -
<)
E 300.00 -
-
E 250.00 -
200.00
Base 0.01 0.02 0.03 004 005 0.06 007 0.08 0.08
case
LOADFACTOR

gﬂﬁ 4.46 n1siasundasingalniindany (ETC) vuaneds 2715-2707

1A8NITUINIAIUNAIINNFIUNALNU

mamiﬁﬂwﬂugﬂﬁ 4.45-4.46 Junsussiulaginrsanidaliingin
n&sunaunuluszuulni idsaanis@nwinuiidinisussfiudanuaisnsaiided
(ATO) wasiadasansds vineiay 27052707 uaz 2715-2707 suiuduundniios ey
Tuthsnaiszuuliihiddianudesnsinangaiimdslwindousednivsyuuiazaie
wailrnauanunsadified (ATO) viomdrinnisdeiiundsamuluszuudailissuuiiag
funafiniy



unii 5
AjUNaUIUaTUDLAUBLUL

nsanenIdeladausinaialudlunisussifiuainuaiunsadsaneiasaulnii
(Available Transfer Capability; ATC) lag#a15a198391AAAULENETAIN WiDUULEUD
puamslunsimuaituiifimansauuazmadansimuaaiostndaliitlunisnevauss
nswasuulasdsunalnanluusasiuiiiieadrsrnuiunsduussdutazannissnanved
apds ilelidinsdanavonunuiiotudssruuliihmdslifianmatiosnwiuiu 3
Nan1sANEITUILLARINaN1SANEINAnsEnUAasyuU i luan 1z szuuLAnauaaalyl
@desnnesuLsssulniuazdssiiazialiihsuduuinanitg (Blackout) Feszuuly
anmziannsoistuldidominanumunuiuresnisinamdslnii (Congestion) Fsaunsa
\Anlavanensaligu iz‘umﬁmﬂ’ﬁqiy;ﬁaqﬂmaim%ﬁmﬁﬁﬂﬁﬁgiumiéwhuwé’wuiuizw
FoaehlinaAansldsunsymaniuvesuniaifidinavidetu vieudnsedfanansenuann
nsfiutureduanuionisanidinisnanvesaisaddnliiegsiuiiviilalasany
Tutsisguuidlwihiuiviinuemnudomnisvedivaniigs Gumamsaimariidudfiosdou
vilsfigyhlfiAnaumusiuresnisiwavesidslnilnindy sofusyuulniimgesndy
at98efideaiinisAnuInanseny wazkuIn1a3Isnslunisineunu nstesiu e uing
Fanslumsutlondeanmnudesiiozialaminaritulussuuiionmuidsnisnanls
manzaunaziinysglenigaaniielisyuuiinnuBangugslunisse sfunsiasundases
U%maﬂ‘wamLLazﬂwszjjaujLﬁs@‘uﬂﬁﬂiﬁﬁﬁzﬂumidqchuﬁwé’ﬂ%lﬁﬂuszw

5.1 @7UNauIY
uamsnuildlissuuinihdsemalnefussuugulunsinndadudoya
yosszuuioglutisdiifiviinamnudesnisinangsanlnonisinuldyatudnunansenusie
ssuulniamaeniang Jusenlesnileusswmdlnalunsaissuuiinaswdaluinannassnu
L.meﬁmsjﬁamiaasﬂuizumﬁ’]mumﬂ FuflewSouitouszasinainsuanlnihanng sy
uasofindiousetiuarliinseunausresnmuasinaadificudosnisgaUsediiu Gaassile
syuuRnAMuLLunsvamdsnihtulugsiisdsaanlniihanndsnunaseniingdalal
anansadendanulduwdssuudadianuseinsivanget Fanansanwnlunsdlusniudums
Usziliumuanansanisasineidaliinvesansdad eudesewitatuiivesssmealnelaeld
foyalutlnangadgn (Peak load) 108 2013-2015 lanwudndl 4 aedadousiossvinediud
Adeusefuiuin 2 duiidauanunsanaievesaneddlunsasiundsay (BATC) fee
N1 20% %ﬂﬁummﬂumm@lﬁmamLﬁﬂﬂ'nm?mmaLLaza'amaﬂiwwiammLaﬁasmwmaq
syUUanal dunansAnEnMsiitUsnalanuaznnsanmasnsnanaslunsas fudii
Tnsnsnaaoumsusuuriamesinanaina uaziinieaduinluifieg 10 1adesieduiign
Uameenieadlawiomilsaziliussiuunsiuiidnnidnvauudlldmanssnusenisy
Tnanvosavduasndsanfidiaiestndalnfiianndnusasiaefindidoudordniu



85

STUUT 500 MW 1ag 1000 MW 6‘5@ﬁﬂé’qmsmamﬁaflmimaq%’uﬂ’]iﬂ'ﬁngl,?wl,ﬂ%qﬁwLﬁm
T lnefliamansznuronsssunas nsslvanvesaodswazyinliaodudounassning
Huiinideudefuiiuin 2 duildruaunsonurdevesasasunisdrungseny (9ATC)
Ty wazanuansynulunisinundlduansdolausuusiuimanistlosty wieuumnenis
UftRnsmunslutisnaaiimdaimssdnliianlsdlwiiwaduaseiindliannsadie
nzfisruuivimnunnudesnmsinangededmnnssuuiuiiviinulreafiuiuies vl
ssuuiinnisgadoiaesiudaluiiifinudifylunisdediendsnuluszuy Favinle
sdsliiduldifiesmesusinainaneavilisyuuiinanuliiadosamls saduiiean
NansEnUazdestimsnanutesiusarlunsanuil@innisuugihdmiunisnaunutiioan
NanSEnuULazensrauAUtddasa nvesseuu i g dasuuadunisiteanisdesdiu
USENBUSELNUSEHEEULAYSE DL

WUSEEEEY

1. foudupsessnudalnini 10 wiseiiitedelnanlusyuu

2. $nwinsideuseaudeiiieusosynineiuiiiidousofuiiui 2 W 5 awds

3. MausuMslenreviet gunsalvaeiiddluiiatiou (Static VAR) wde
gunsal wawgliihidauuudandu (FACTS) duafidensiooglussuuiiovawanssiuyes
szuukaznsElvanvesaneddlieglurnisaiuay

4. UNLqumsmmuIm8&?@mﬁmimmmaqazwmu@uﬁwé’qmsmamé’miuﬁa
(Automation Generation Control; AGC) Lilemuasissfuvesszuuaznszlvaneanyss
Tegluenisaiunu

WHUTTEZE

1. Mawslunisandalssliinludideudeluiuiifilésunanseny

2. mqLqu’Lumiﬁmé}y’ﬂqUﬂsait,ﬁasmszé’mmmaﬁmmwLLﬁqﬁuLLazaﬂmﬁﬂwamaq
avdatugunsal saalnihimasuugangy (FACTS)

3. Maunlumsinsianedadulmivitodsihundnulusyuu

a. mqLLmu"Luﬂﬁaﬂé?quﬂﬁﬂil,éﬁmaw%ammLs'fim%la (Phase Monitoring Unit;
PMU) dmduiiinuesninuadiosnmussszuslufiuiiniie Wudu

5. ﬁmuméﬁjﬁiumiﬂizLﬁummmmmmﬁﬁasﬁmmUﬁﬂiumiﬁmuwé’wu U89
awds (ATC)

nwansinwlanansliduiwanssnuniessunssuliihananziiinanu
vuudunslvamasluidundeunansiufiilasunansenu sunedalunisaneiaunsa
yyavieuiifldsunansenumsnuussiulaishdadunsldmadanssuiunsiidives
msfnamsinaiaalniidanldlnglsinsmuuadeulunisinwie nansznuainms
flnanlufiufifufusakansgnuanidainssdaluszuvanas daumamedadlons
delddunaiafiasdaefumiuiildsundefuiingauseiu (Critical Voltage Bus) lalle
WesssuuliihidsUsanalneudanasatuuamei g e Russuu s W lduas
EZ’J’aLauaLLuzLmeqmii’]aqﬁ’uLLazm31Jﬁﬁamsmuqmﬁgummma%ﬂqﬁmmﬁummmazw%
Falalganensdidognufoindeianizszuulii i wsemelneusanunsailddudau
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%ﬁﬂumw%mﬁmmiLLazU%’UﬂqqLLmumiﬁwmﬁ’]é’qmﬁmaﬂw%%Qﬂﬂiﬁﬂwﬂﬁlﬁﬁ'n,aua
wamasazimadaiieaisanuiuasituszuulinmidsdasenause

1. wadafvsngaudmiunsdouseiniomwdnlniindsnuuisuthiu ssuu
ilihidslagldimadanisvindinssuaunisnisinaddsiuidensinnsandesiadiu
ANHATYTAINULTIAY

2. msﬁ’mumﬁuﬁaméﬁy’aqﬂﬂmhmﬂéﬁmmzamLLasméaqﬁwLﬁ@lﬂ/\lﬁmauauawé’ﬂ
iieenseiunruiiuag Sadlavida (Multi-Line Buses) meldnisiiasgianizaniau

3. BmsUsziiudaanuanunsaifeglunisdsiumdsnu (ATO  Tnefiarsan
Fadriansdsnsidaanlnil (GDL) wagidsndnndsmusuidsufenmsiasesinnil
nnshramaslui

Fanuamavaniannsolflunisuimsianisuasusulsununsimuidanis
wanidsluihuazensziuanusiuasszuulniiigs Tnsannsaagunansideldmuide
il

51.1 nisAnwnadamuunzaudmiunisndeudainosndnluiandaeny
ORI TR R R

dunsfnwinedafiminzandimiunisideudoiniosmdnluiimdsay

myudsudriussuuliihidsaeldnaienseinssuiuniasnisinaidsiuiidenis
finnsundediindunuadssninusady Tnsnamsfinuilduansuanisiasaeioatiin
Inlflndsnumgudsuaaiuiivlduusisomaielnidehlissvodianubanguiiniy
Fremsfiannsnsesfunsifinduvedvanuaznisanasvestidamsndal fifintuuenaind
wadatannsodnaueiuiiflddmsunisiaruaiesindalilmiieusulsiuasifive
afgsnmussduliihuesszoy Bslundndannsatsegndldlunisindsgunsaiuaduio
fvusiaiosiudinliiimevausandnlnenisfeainisdenisssuuaiuauniaudn i
Pl (Automatic Generation Control; AGC)

v
o/

512 msAnwnstmuaiuiiaansgunsaiunadiivansauuazieiasiuda
IWihneususwmdniiiaausiuasiaflais
dun1sfinsinisiinuafiuiinedsgUnsaiuladfiansauuagiadestude
Iwihnouausmaniilesnszduainusiuas Sailardia (Multi-Line Buses) aneldn1siinsies
HRPELRIGH G?fﬂﬂﬂiﬁmu@l,ﬂ%ﬂfﬁ’wLﬁmiw%mauauawﬁﬂﬁuLﬁamuaumﬁdawﬁuﬁwé’ﬂw%
vuaedniieanaszansdamnlasuaiszivaniiutes L sussiudamiuanana
voatiaflauda (Multi-Lines bus) lun1sdariunassu wan1sfnwilaiiausimaiinnism
fuiifmnzaslumsfadsgunsaiwadlussuuliihidsualug wuireaeadosnin
wsaullsildfsdulurnsdunueufesnsinasfifiutudlerinisinsgunsaluviadly
Aundsinuui waznansanw ldinauemaialnilunissmuaniosduialin
navaupsminelian1izvsemgnsaignidu Felunansdnwadainuinadosudali
pouausmdniignivuamani annsamuaunisaisleumdalniluasdauarann
dosfuansdalalliildsunmssinaniulddedamalinnusiunsvostasuaisdadausiuag
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i ifefinsanaanuannsanuansafifedlunsdsiundanu (ATC) vesaudsd
Fousetudanuaeds uasdndiinruatesnimusiu

513  asanwdsmslmilunisussifiulaaauaiunsaiifieglunisdasiiu
AU (ATC)

n1sUseiuganuaInsalunsaIIuNGu (ATO)  wagnisUesiuaiy

afpsnnusstutuiinuddyminlunisaunuuagnisnunutesseuu i dedady
smInevesnsinyiiunisnisdneinisivdlunisussdudannuanainsalunis
desiundenu (ATO)  Taefiansandadidanisdsnisidandalndii (GDL)  wazridawdn
wEumyudeuiensiinsesiealinsivasidslif - SwansAnwinuinisnislnad
annsnUszfiudaanuamisolunisdsiiumdanu (ATO) vesansddldlasianizaidad
Fousefiu Tadladvalussuvvualngduieduiunsusaiulaenisfiansandasiia
AMULERETNINAIULITIRY TATINAAIIUTOUVBIAIWES haslinTINAAIUASIHEALAZAIY
adpsnmeiossudalwih uonandsmslmilunsssdiuineuanunsolunisdsin
W& (ATC) aunsaussgnalfidusvilunisyunganuaiosnnussiusaznistaaiy
arumutlussuuLAd S UNsPUANAIIILLTeE e I T ourery daRlavvaty
wdostiangdsdoudmasmutdassdesiiunnimisasdiiunnsaunasanefidsli
sz misesaediidesseru fadladdalignaniasiwiidsinuashaslniazses
gnannTafisnnasanduduunuiiovae adliihianasiudadutedmuausnlunis
AuAAETILLURdsllihdssuuuaedaznsUssgndldivaiias onsedua
dsnnidsliiifuty

5.2 UBlauBLuL
wansnwmadialunstisuaiiuiifivnzaslunsinsaniestudalninlnivie
gUnsafUfudsussiulnilviduannsndilussandlumsdnigesdunuddyosiug
fixosnisusuusailetlifiudsdduiuiifidesnisusulsannitaelasnisiaseinngls
amzanidulunsaifissuugadsgunsaivisgunsallunisdsriundany (Contingency n-1)
Fsusznausemsgnydvansds nifeutas uaziadesiuialiin Tnenanssvusonsafuszuy
favmesanimansznuannsfintunedinanuaznisanasasiidnisudslalihlufuiiy
Tnewanisinwiilaanunsatldsndisunnud fyiiuiineldnnsimssianuatesnin
LLNG’T‘uLLazamWimzqmmﬁﬁuaqﬁuﬁﬁLﬁmmmmmLuiusuaqmﬂwaﬁ'lé’dVLWWﬂﬁ uaNANHEY
a1115099a1AUAMUTULTINETENSAATIEYAIEaNAY (Contingency n-1) lagld@iadndin
ATUATTATUANYDITEUUIIUY ANTATIAAAIULTIAUY Waznselvanvesauds (%Loading)
Uszgnaltlunisdaddudednilimsuiavensailvusunssigauasyinlimaugunsaisl
mmﬁﬁzﬂumsa’qshuwé’qmuw%famﬁqa'mﬁimzqmmﬁmaqﬁuﬁﬁlé’%’umaﬂswugqqm
uananiinanisdnwiaiessudaliinovauesuagisnislnailunisusziduie
auaansalunisdeiundsenu (AT duldnsimsgiananulinisinasidali
(Power flow sensitivity) anansatrluuszanaldlunisAuiniinaiuaiusatunissessu
YSunalnanvesdaflatdals nnsawiadannuauisolunisaaiundanu (ATC) ¥e9
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aedsiouiidension (incoming Transmission lines) Meléinsilaszidndidasuaing
Souresaeds (Thermal limit) n3aTndninA1dan1swdnluin (Generation Dispatch Limit)
EaTTnd LT (Voltage stability limit) Liiedndsu (Ranking) AuawsasTa
Alatdalunissessulnanfiensiieseiaruadesnmussiunasnsdniswanlninnngls
FPUUNIATUANMIAINISNARSRIUTR (AGO) wazaunsaUTulsaunwimuAManisnanuay
gnszAUAMULENETANTEUUINAN AT
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U5uugsludl 2015

Generators Data in @ Modify Thailand power system, 2015

Number Name Min MW | Max MW | Min Mvar | Max Mvar | Min MVA | Max MVA
1011 SB-T1 80 200 -50 100 94.34 223.61
1012 SB-T2 80 200 -50 100 94.34 223.61
1013 SB-T3 124 310 -77.5 155 146.23 346.59
1014 SB-T4 124 310 < 5 155 146.23 346.59
1015 SB-T5 124 310 A .5 155 146.23 346.59
1021 SB-C11 aq 110 -27.5 S 51.89 122.98
1022 SB-C12 a4 110 -27.5 55 51.89 122.98
1023 SB-C10 46 115 -28.75 57.5 54.25 128.57
1031 SB-C21 80.8 202 -50.5 101 95.28 225.84
1032 SB-C22 80.8 202 -50.5 101 95.28 225.84
1033 SB-C20 80 220 -50 100 94.34 241.66
2001 CLB-H1 8 20 -5 10 9.43 22.36
2002 CLB-H2 8 20 -5 10 9.43 22.36
2003 SRD-H1 4.8 12 -3 6 5.66 13.42
2004 SRD-H2 4.8 12 -3 6 5.66 13.42
2005 SRD-H3 4.8 12 -3 6 5.66 13.42
2006 UR-H1 3.32 8.4 -2.08 4.15 3.92 9.37
2007 UR-H2 3.32 8.4 -2.08 4.15 3.92 9.37
2008 UR-H3 3.32 8.4 -2.08 4.15 3.92 9.37
2009 NP-H1 1.2 3 -0.75 1.5 1.42 3.35
2010 NP-H2 1.2 3 -0.75 1.5 1.42 3.35
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UFuusalud 2015 (sin)

Generators Data in a Modify Thailand power system, 2015

Number Name Min MW | Max MW | Min Mvar | Max Mvar | Min MVA | Max MVA
2011 LTK-H1 100 250 -62.5 125 117.92 279.51
2012 LTK-H2 100 250 -62.5 125 117.92 279.51
2021 NPO2C11 48.4 121 -30.25 45 57.08 129.10
2022 | NPO2C12 48.4 121 -30.25 45 57.08 129.10
2023 | NPO2C10 45.2 113 -28.25 45 53.30 121.63
2024 | NPO2C21 48.4 121 -30.25 45 57.08 129.10
2025 | NPO2C22 48.4 121 -30.25 45 57.08 129.10
2026 | NPO2C20 45.2 N -28.25 45 53.30 121.63
2040 XSETH15 4.5 13 -4 6 6.02 14.32
2040 XSETH15 1.2 3 -0.75 1.5 1.42 3.35
2040 XSETH15 1.2 3 -0.75 il 1.42 3.35
2040 XSETH15 4.5 13 -4 6 6.02 14.32
2040 XSETH15 4.5 13 -4 6 6.02 14.32
2041 NNG-H1 6 15 5wl S 7.5 7.08 16.77
2042 NNG-H2 6 15 -3.75 7.5 7.08 16.77
2043 NNG-H3 20 55 -10 20 22.36 58.52
2044 NNG-H4 20 55 -10 20 22.36 58.52
2045 NNG-H5 20 55 -10 20 22.36 58.52
2051 PMN-H1 13.6 34 -8.5 T 16.04 38.01
2052 PMN-H2 13.6 34 -8.5 17 16.04 38.01
2053 PMN-H3 13.6 34 -8.5 17 16.04 38.01
2054 PMN-H4 13.6 34 -8.5 17 16.04 38.01
2061 THPP-H1 a2 107 -26.25 52.5 49.53 119.19
2062 THPP-H2 a2 107 -26.25 52.5 49.53 119.19
2063 HHO-H1 25.2 70 -15.75 31.5 29.72 76.76
2064 HHO-H2 252 70 -15.75 315 29.72 76.76
3001 BLG-H1 9.6 24 -6 12 11.32 26.83
3002 BLG-H2 9.6 24 -6 12 11.32 26.83
3003 BLG-H3 9.6 24 -6 12 11.32 26.83
3011 KN-C11 44.8 112 -28 56 52.83 125.22
3012 KN-C12 44.8 112 -28 56 52.83 125.22
3013 KN-C13 44.8 112 -28 56 52.83 125.22
3014 KN-C14 44.8 112 -28 56 52.83 125.22
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Number Name Min MW | Max MW | Min Mvar | Max Mvar | Min MVA | Max MVA
3021 RPB-H1 32 80 -20 40 37.74 89.44
3022 RPB-H2 32 80 -20 40 37.74 89.44
3023 RPB-H3 32 80 -20 40 37.74 89.44
3047 KN-T1 30 75 -18.75 37.5 35.38 83.85
3061 SRT-C10 46 120 -28.75 57.5 54.25 133.06
3062 SRT-C11 48.8 122 -30.5 61 57.55 136.40
4001 BB-H12 30 82.2 -18.75 7%, 35.38 90.35
4001 BB-H12 30 82.2 -18.75 37.5 35.38 90.35
4002 BB-H34 30 82.2 -18.75 37.5 35.38 90.35
4002 BB-H34 30 82.2 -18.75 37.5 35.38 90.35
4003 BB-H56 30 82.2 -18.75 37.5 35.38 90.35
4003 BB-H56 30 82.2 -18.75 37.5 35.38 90.35
4004 BB-H7 46 115 -28.75 57.5 54.25 128.57
4005 BB-H8 67.2 171 -42 84 79.25 190.52
4011 SK-H1 50 125 -31.25 62.5 58.96 139.75
4031 LKB-G1 6.4 16 -4 8 7.55 17.89
4033 LKB-G3 5.6 14 565 7 6.60 15.65
4034 LKB-G4 5.6 14 -3.5 7 6.60 15.65
4035 LKB-G5 8 20 5 10 9.43 22.36
4036 LKB-G6 8 20 =5} 10 9.43 22.36
4037 LKB-G7 8 20 =5 10 9.43 22.36
4038 LKB-G8 8 20 -5 10 9.43 22.36
4039 LKB-G9 6.4 16 -4 8 7.55 17.89
4041 MM2-T1 30 75 -18.75 37.5 35.38 83.85
4042 MM2-T2 30 75 -18.75 37.5 35.38 83.85
4043 MM2-T3 30 75 -18.75 37.5 35.38 83.85
4044 MM3-T4 60 150 -37.5 75 70.75 167.71
4045 MM3-T5 60 150 -37.5 75 70.75 167.71
4046 MM3-T6 60 150 -37.5 75 70.75 167.71
4047 MM3-T7 60 150 -37.5 75 70.75 167.71
4048 MM3-T8 120 300 -75 150 141.51 335.41
4049 MM3-T9 120 300 -75 150 141.51 335.41
4050 | MM3-T10 120 300 -75 150 141.51 335.41
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Number Name Min MW | Max MW | Min Mvar | Max Mvar | Min MVA | Max MVA
4051 MM3-T11 120 300 -75 150 141.51 335.41
4052 MM3-T12 120 300 -75 150 141.51 335.41
4053 MM3-T13 120 300 -75 150 141.51 335.41
5001 WN-C11 89.36 223 -55.85 111.7 105.38 249.41
5002 WN-C12 89.36 223 -55.85 111.7 105.38 249.41
5003 WN-C21 89.36 223 -55.85 111.7 105.38 249.41
5004 WN-C22 89.36 223 -55.85 111.7 105.38 249.41
5005 WN-C31 80 236 -50 100 94.34 256.31
5006 WN-C32 80 236 -50 100 94.34 256.31
5010 WN-C10 82.16 205 -51.35 102.7 96.89 229.29
5020 WN-C20 82.2 205 -51 103 96.74 229.42
5030 WN-C30 80 257 -50 100 94.34 27577
5041 GULF-C11 92 230 =515 115 108.49 257.15
5042 | GULF-C12 92 230 -57.5 i) 108.49 257.15
5043 | GULF-C10 106 265 -66.25 132.5 125.00 296.28
5044 | GULF-C21 92 230 -57.5 115 108.49 257.15
5045 GULF-C22 92 230 2 OT2) 115 108.49 257.15
5046 GULF-C20 106 265 -66.25 132.5 125.00 296.28
6001 BPK-T1 220 550 -137.5 275 259.43 614.92
6002 BPK-T2 220 550 1375 275 259.43 614.92
6003 BPK-T3 240 600 -150 300 283.02 670.82
6004 BPK-T4 240 600 -150 300 283.02 670.82
6005 BPK-C10 48 137.5 -30 60 56.60 150.02
6006 BPK-C20 a8 137.5 -30 60 56.60 150.02
6007 BPK-C30 40.8 99 -25.5 51 48.11 111.36
6008 BPK-C40 40.8 99 -25.5 51 48.11 111.36
6011 BPK-C11 24 60.7 -15 30 28.30 67.71
6012 BPK-C12 24 60.7 -15 30 28.30 67.71
6013 BPK-C13 24 60.7 -15 30 28.30 67.71
6014 BPK-C14 24 60.7 -15 30 28.30 67.71
6015 BPK-C21 24 60.7 -15 30 28.30 67.71
6016 BPK-C22 24 60.7 -15 30 28.30 67.71
6017 BPK-C23 24 60.7 -15 30 28.30 67.71
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Number Name Min MW | Max MW | Min Mvar | Max Mvar | Min MVA | Max MVA
6018 BPK-C24 24 60.7 -15 30 28.30 67.71
6021 BPK-C31 41.2 104 -25.75 51.5 48.59 116.05
6022 BPK-C32 41.2 104 -25.75 51.5 48.59 116.05
6023 BPK-C41 41.2 104 -25.75 515 48.59 116.05
6024 BPK-C42 41.2 104 -25.75 515 48.59 116.05
6028 KRD-H1 2.44 6.1 =153 3.05 2.88 6.82
6041 RY2-C10 40.8 102 -25.5 51 48.11 114.04
6042 RY2-C20 40.8 102 -25.5 51 48.11 114.04
6043 RY2-C30 40.8 102 -25.5 51 48.11 114.04
6044 RY2-C40 40.8 102 -25.5 51 48.11 114.04
6051 RY2-C11 41.2 103 -25.75 L) 48.59 115.16
6052 RY2-C12 41.2 103 = 2585 51.5 48.59 115.16
6053 RY2-C21 41.2 103 =25575 ol 48.59 115.16
6054 RY2-C22 41.2 103 S 515 48.59 115.16
6055 RY2-C31 41.2 103 -25.75 515 48.59 115.16
6056 RY2-C32 41.2 103 -25.75 LS 48.59 115.16
6057 RY2-Ca1 41.2 103 A5 748 515 48.59 115.16
6058 RY2-C42 41.2 103 2505 515 48.59 115.16
6100 IPT-C10 96 240 -77.75 155.5 123.54 285.97
6101 IPT-C11 92 230 -65.5 131 112.93 264.69
6102 IPT-C12 92 230 -65.5 131 112.93 264.69
6104 EPEC-CC1 200 350 - Ny 217 230.71 411.81
6107 BWN-CC1 210 356.5 -140 221 252.39 419.44
6108 BWN-CC2 210 356.5 -140 221 252.39 419.44
6111 BLCP-T1 300 717 -220 420 372.02 830.96
6112 BLCP-T2 300 717 -220 420 372.02 830.96
7001 SNR-H1 a8 120 -30 60 56.60 134.16
7002 SNR-H2 48 120 -30 60 56.60 134.16
7003 SNR-H3 a8 120 -30 60 56.60 134.16
7006 TN-H1 7.6 19 -4.75 9.5 8.96 21.24
7007 TN-H2 7.6 19 -4.75 9.5 8.96 21.24
7011 VRK-H1 40 100 -25 50 47.17 111.80
7012 VRK-H2 40 100 -25 50 47.17 111.80
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Number Name Min MW | Max MW | Min Mvar | Max Mvar | Min MVA | Max MVA
7013 VRK-H3 40 100 -25 50 ar.17 111.80
7031 KKC-H1 7 17.5 -4.37 8.75 8.25 19.57
7035 RB3-T1 294 720 -183.75 367.5 346.70 808.37
7036 RB3-T2 294 720 -183.75 367.5 346.70 808.37
7041 RB3-C11 92 230 -57.5 115 108.49 257.15
7042 RB3-C12 92 230 =55 115 108.49 257.15
7043 RB3-C10 106 265 -66.25 1325 125.00 296.28
7044 RB3-C21 92 230 -57.5 115 108.49 257.15
7045 RB3-C22 92 230 -57.5 115 108.49 257.15
7046 RB3-C20 106 265 -66.25 132.5 125.00 296.28
7047 RB3-C31 92 230 -57.5 115 108.49 257.15
7048 RB3-C32 92 230 -57.5 115 108.49 257.15
7049 RB3-C30 106 265 -66.25 132.5 125.00 296.28
7059 | TECO-C11 | 105.76 230 -66.1 132.2 124.72 265.29
7060 | TECO-C12 | 105.76 230 -66.1 132.2 124.72 265.29
7061 TECO-C10 | 109.48 240 -68.43 136.85 129.11 276.28
8051 NML-H1 16 40 -10 20 18.87 aa.72
8052 NML-H2 16 40 -10 20 18.87 44,72
11004 | SMC-C10 10 30 3213 213 23.53 36.79
11005 SMC-C11 10 30 -14.7 14.7 17.78 33.41
11006 SMC-C12 10 30 -14.7 14.7 17.78 33.41
15051 GCC-C11 10 50 -9.25 18.5 13.62 53.31
15052 GCC-C12 10 50 -9.25 18.5 13.62 53.31
15053 GCC-C10 10 50 -9.25 18.5 13.62 53.31
15054 NKC-C11 10 50 -13.29 26.58 16.63 56.63
15055 NKC-C12 10 50 -13.29 26.58 16.63 56.63
15056 NKC-C10 10 50 -13.29 26.58 16.63 56.63
15057 RP-C11 10 50 -10 20 14.14 53.85
15058 RP-C12 10 50 -10 20 14.14 53.85
15059 RP-C10 10 50 -10 20 14.14 53.85
15100 MPS-P1 20 41.1 -10 25.62 22.36 48.43
16031 | COCO-C10 20 50 -12.5 25 23.58 55.90
16032 | COCO-C11 14 35 -8.75 17.5 16.51 39.13
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Number Name Min MW | Max MW | Min Mvar | Max Mvar | Min MVA | Max MVA
16033 | COCO-C12 14 35 -8.75 17.5 16.51 39.13
16034 | COCO-C13 14 35 -8.75 17.5 16.51 39.13
16035 | COCO-C20 20 50 -12.5 25 23.58 55.90
16036 | COCO-C21 14 35 -8.75 17.5 16.51 39.13
16037 | COCO-C22 14 35 -8.75 17.5 16.51 39.13
16038 | COCO-C23 14 35 -8.75 17.5 16.51 39.13
16048 TPS-P1 18.96 ar.4 -11.85 16 22.36 50.03
16049 TPS2-P1 4.16 104 -2.6 52 4.91 11.63
16051 AEP-C10 10 70 -12.5 25 16.01 74.33
16052 AEP-C11 10 65 -12.5 25 16.01 69.64
16053 AEP-C12 10 65 -12.5 25 16.01 69.64
16054 | AMT-C20 10 45 -12.5 25 16.01 51.48
16055 | AMT-C21 10 45 1 215 25 16.01 51.48
16056 | AMT-C22 10 45 -12.5 25 16.01 51.48
16061 AA-S1 10 40 -14.18 10 17.35 41.23
16062 AA-52 10 40 -14.18 10 17.35 41.23
16065 TTP-P1 21.76 54.4 L5 27.2 25.66 60.82
16066 IP1-P1 29.76 74.4 -18.6 37.2 35.09 83.18
16067 IP2-P1 29.76 74.4 -18.6 37.2 35.09 83.18
16068 TOP-P1 ) 40 50 14 8.60 42.38
16069 TOP-P2 5 40 -7 14 8.60 42.38
16070 TOP-P3 5 40 -5 10 7.07 41.23
16071 TOP-P4 5 40 -4 8 6.40 40.79
16079 AAP2-P1 22.68 56.7 -14.18 28.35 26.75 63.39
16081 NPS1-P1 36 90 -40 36 53.81 96.93
16082 NPS2-P1 64 160 -40 36 75.47 164.00
16083 TNP-C11 15 40 -10 30 18.03 50.00
16084 TNP-C12 15 40 -10 30 18.03 50.00
16085 TNP-C10 15 40 -10 25 18.03 ar.17
16087 | TCG1-S1C 60.8 152 -38 76 71.70 169.94
16088 | TCG2-S2C 60.8 152 -38 76 71.70 169.94
16090 | MTP1-G1A 14 35 -8.75 17.5 16.51 39.13
16091 | MTP1-G1B 14 35 -8.75 17.5 16.51 39.13
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Number Name Min MW | Max MW | Min Mvar | Max Mvar | Min MVA | Max MVA
16092 | MTP2-G2A 14 35 -8.75 17.5 16.51 39.13
16093 | MTP2-G2B 14 35 -8.75 17.5 16.51 39.13
16095 SHC-C10 10 40 -8.63 17.27 13.21 43.57
16096 SHC-C11 10 40 -8.63 17.27 13.21 4357
16097 SHC-C12 10 40 -8.63 17.27 13.21 43.57
16151 BCC-P1 30 90 -18.75 37.5 35.38 97.50
16152 BCC-P2 30 75 -18.75 37.5 35.38 83.85
16161 NPC-C11 10 30 -9.5 19 13.79 35.51
16162 NPC-C12 25 -6.25 125 8.00 27.95
16163 NPC-C13 5 25 -6.25 12.5 8.00 27.95
16164 NPC-C14 25 -6.25 12.5 8.00 27.95
16165 NPC-C10 10 30 ) 19 iLSNAY 3551
16166 NPC-C15 10 30 2915 19 13.79 35.51
16167 NPC-C16 10 30 -9.5 19 13.79 3551
16170 TLP-C11 20 50 -10 15 22.36 52.20
16171 TLP-C12 20 50 -10 15 22.36 52.20
16172 TLP-C10 16 40 ¥ 12 17.46 41.76
26111 RYRE-G1 8 20 -2 5 8.25 20.62
26112 RYRE-G2 8 20 -2 5 8.25 20.62
26113 RYRE-G3 8 20 -2 5 8.25 20.62
26114 RYRE-G4 8 20 -2 5 8.25 20.62
26115 RYRE-G5 8 20 -2 5 8.25 20.62
26141 SPRC-G1 6 15 -2 5 6.32 15.81
26142 SPRC-G2 6 15 -2 5 6.32 15.81
26143 SPRC-G3 6 15 -2 5 6.32 15.81
26181 TPI-P1 10 27 0 a4 10.00 27.29
26182 TPI-P2 10 27 0 a4 10.00 27.29
26183 TPI-P3 20 54 0 10 20.00 54.92
26184 TPI-P4 10 35 0 6 10.00 35.51
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Abstract: This paper presents a novel transmission line’s Availability Transfer Capability (ATC) assessment method
by considering the Generation Dispatch Limit (GDL) and renewable generation capacity. This method has calculated
the power remaining from the Total Transfer Capability (TTC). The TTC in this study is the total generation
available declaration of all maximum Generation Shift Factor (GSE) generations to transfer power on transmission
line depended on the Power Purchase Agreement of each power generation and of each renewable generation
mntegrated m the system. The maximum GSF generations are defined by using the power sensitiviry analysis. Results
of this novel method are compared with the traditional transmission line’s thermal limit method. Mam findings
showed that newly proposed method for ATC calculation can be used for the ATC assessment of transmission line
and can be a good predictive mdex to protect power system’s voltage stability issue. Moreover. it can be applied to
the congestion management scheme with the optimal primary respond generation to confrol the stability of power

transter on the transmission line.

Kevwords: Available Transfer Capability (ATC). Generation Dispatch Limit (GDL). Renewable. Voltage Stability.

Power Flow Sensitivity

1. Introduction

The Availability Transtfer Capability (ATC)
assessments and power congestion management of
transmission lines in power system are the two key
significant 1ssues 1 power system secure operation.
If the generations or the transmission lines have
highly transferred power over load. it will have
damaged and carried the system to unstable such as
authors [1-3] have studied power failure sk
assessment and recomumnendation for power system
security enhancement. Then, it is very important to
have assessment of system stability. Especially, the
Transmission  line’s  ATC  assessment and
management to protect the transmission line
congestion as same as authors’ studies results [4-5].

The power system analysis have the Authors [6-
7] used the power sensitivity analysis to power
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system severity analysis and determination the ATC
with power transfer distribution factor (PTDF).

Also, In This study has proposed a new
technique in the ATC evaluation has used the power
flow sensitivity analysis to define a highly dominant
generation group. According to the requirements of
the North American Power Reliability Council
(NERC) [8], the ATC assessment studies have been
carried out to evaluate the transmission capacity of
the important transmission lines such as the Inter-
tied transmission line” s ATC evaluation by [9-10]
or Power system Interconnection by [11]. In
addition, there are new techmiques researches
authors for the ATC calculation, [7] used the power
sensitivity analysis by PTDF and [12] used
probabilistic considering existing and future wind
generation resources. The studies” results are
support system congestion protection planning such
as the installation of FACTs by authors [13-15],
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nstallation the Phase Monitor Unit (PMU), the
system’s power loss decreasing, support power
system control with optimal generation dispatch by
author [16-18] and power system stability
enhancement planning [19-21].

Typically, power transfer on each transmission
line will have a ighly dominant generation groups
to control, regulate and transfer power for support
when power flow patterns are changing. Normally,
The ATC assessment will define the Total Transfer
Capability (TTC) under the thermal limit of
transmission line, voltage stability limut and
generation stability limit but this paper has purposed
to define the TTC with the generation dispatch limit
(GDL) of all highly important generations to
transfer power on transmission line and also
considering the behavior of renewable generations
mtegrated i the studied system. The highly
mmportant generations are defined by using the
Generation Shift Factor (GSF) data from power flow
sensitivity analysis which all highly generations are
the maximum GSF power sensifivity generation
group. Then, if the maximum GSF generation group
is limited with GDL, The Aufomatic Generation
Control system (AGC) will not be able to dispatch
generation to increase load for support load demand
mcreasing in that time. And, if load Lkeeps
continuous increasing, it will affect to the bus
voltage decrease until system voltage instability
happened [22]. This study use a modified Thailand’s
power system during peak load data in 2015-16 for a
system base case [23] as shown in Fig.l and Table
1. In Thailand, the generation dispatch in power
system is confrolled by The AGC under National
Control Center (NCC) by the Short-term Planning
Department. The AGC will dispatch generation base
on the Available Declaration Statement (ADS) data
from each power plants except those Very Small
Power Producer (VSPP) due to the VSPP is non-
firm power plant. The ADS of each power plant will
be different under the Power Purchase Agreement
(PPA). Then, all main power plants (EGAT, IPP and
SPP) must submit the ADS for the next day
planning to the Short Planning Department follow
scheme as show m Fig.2.

Most of the previous research work to estimate
ATC will mainly focus on Generation Capacity
Curve (GCC), however, none of them mention and
take into consideration of Availability Declaration
Statement of each Generations under the PPA.
Theretore, this paper, proposed a novel ATC
assessment method to calculate the power capacities
remaining from the TTC of all maximum GSF
generations group to transfer on transmission line
including the renewable generation’s capacities
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which integrated in the studied system. It should be
noted that in a study, the renewable generations are
VSPP which typically have limit installed capacity
of less than 9 MW.

“a*2 Area 6

‘- = ==Inter-Tied Lines

T
) o SRS T
Area 3—_{_@ - 1..&!:;::%,_.%_.;
o — e,

Figure.1 Thailand power system overview

Table 1. Modified-Thailand system’s data.
year 2014-16

Area Gen. Loads Losses | Int-Lines
1 2379.00 9821.98 84.00 -7527.64
2 2073.22 2924.00 178.54 -1029.32
3 1661.92 2001.66 56.48 -396.22
1 3329.57 2727.37 113.93 490.26
5 3870.11 2862.14 70.70 937.28
6 9748.80 3677.23 46.70 6024.87
7 4381.13 2836.20 44.16 1500.77

Total | 27443.75 | 26848.58 595.17 0

Independent Power Producer (IPP) Group
Submit the ADS for Next day
[1PP1 | [1PP2 ]| --- [ IPPn |
I I
- L/ Next Day Plan
(Power Plarits) Short -Term National Control
M~ || Planning Dept. || Center (NCC)
Submit .
(Energy and Fuel (Power Generation
The ADS for Planni Dispatch)
Next day a;mmg) spate

[ \ \
[5PP1]| [SPP2|---|SPPn|

Small Power Producer (SPP) Group
Submit the ADS for Next day

Figure.2 Energy planning and power generation dispatch
scheme overview in Thailand
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2. The power sensitivity analysis [6-7]

In this paper, the power sensitivity analysis uses
generation shift factor (GSF) to analysis the power
transfer on transmission line which the GSF results
are the calculation of changing of generation on line
power flow in system. The changing generation can
presents with the equation (1):

ati =2 (1)

APi

Where ali is the linear Generation Shift Factor for
the /th line for a change in output of /th generator,
Afl1s the MW change in power flow in the 77 line

and APi is the change in generation at the ##/ line.

The generation variation at the il bus is picked
up by the reference bus. The new power flow in
each line can presents in equation (2):

£ = va,Ap, V=12, L (2)

Then from equation (2) can presents as (3):

f}new :ﬁold *(TII—.PjO‘,d;\T/] :1,2,,L,[ AR :*.PI—GM]
(3)

Where f"”is the new power flow in each line,
2 is the power flow on the 7 line before the il

generator outage, f;m is the output of the ith
generator before fault

3. The available transfer capability

Normally, The ATC assessment considered the
TTC base on the Transmission line’s thermal limit,
Voltage limit and Generation limit. The TTC of
each transmission line will not constant. It will keep
real time changing follow power system condition.
In this paper, the TTC is defined as a minimum of
either thermal limit or voltage limit or generator
limit at each power system condition as show in
Fig.3. The study results have defined total transter
capability limit base on availability declaration
statement of each generation umit in system. The
North American Electric Reliability Council
(NERC) [8] has defined the ATC to assessment of
the transfer capability remaining of each
transmission lines in the transmission line network
of power system. The Total Transfer Capability
(TTC) can presents in equation (4):
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Power Flow (MW)
'Stability Limit Voltage Limit  Thermal Limit

Total Transfer Total Transfer Total Transfer

Capability Capability Capability
Time
Figure.3 The total transfer capability limit at each power
system condition

TTC = ATC +TRM + (ETC + CBM)  (4)

In this paper, the margins of TRM and CBM are
not considered and wused the NERC ATC
terminology. Given, the ETC is as same as the real
power flow in MVA. Then, The ATC here can
presents in equation (5):

ATC =TTC - ETC (5)

Where TTC 1s Total Transfer Capability, 47C is
Available Transfer Capability, TRM is Transfer
Reliability Margin, ETC is Existing Transfer
Capability, CBM 1is Capability Benefit Margin

4. The available declaration limit

The generation control system controlled power
generation base on the availability declaration
statement of each power plant following the power
plant purchase agreement (PPA). The essential data
of the availability declaration statement has shown
in Table 2 which is generation limits of power plants
for generation dispatching with Automatic
Generation Control system. When comparing the
ADS data with generator capacity limit, it found that
the generation availability declaration limit is less
than the generator capacity limit meaning that the
actual maximum power transferrable of each
generation will be limited according to the value of
ADS data as show in Fig.4.

Table 2. Definition of Availability Declaration Statement

Number Description Unit

1 Power availability MW
(Min., Max.)

2 Reactive power limit MVAR
(Min., Max.)

3 Primary respond MW

4 Five minute respond MW

5 Fifteen minute respond MW

6 Loading rate MW/min

7 De-loading rate MW/min
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‘ Generator Capacity ‘

Awvailable Declaration Limit ‘

Active Power

02f [ ]7 < 02
PHHT gg%__-i 04

1 I >
Reactive Power Reactive Power
Figure.4 The ADS limit on generator capacity curve

From Fig4, the generation control system
cannot dispatch over the availability declaration
limit. That mean, the availability declaration limit 1s
the generation dispatch limit (GDL) of the
generation control system. In this study, therefore,
use the generation dispatch hmit to define the TTC
which 1s a newly proposed lmit for the ATC
calculation of transmission lines.

5. A novel ATC assessment method

The pwrpose of this study is to present a new
method of the ATC assessment to be a predictive
index preventing the power system from unstable
condition. This new scheme was presented m Fig.5.
Figure 5 shows the simple power system which 1s
supply power from a generator to the load by
transfer power on double transmission lines.

5.1 A newly proposed ATC assessment method

The maximum power transfer or the TTC of this
system will be limited by any of these three limits
consisting of Transmission line’s thermal limit,
Voltage limit or Generation limit. Typically, the
Generation limit is the rotor angle stability limit or
the Generator capacity limit then the ATC of this
system and can presents by equation (6):

E| £ 720
Busl Bus2f—
Generator Load

Figure.5 The simple power system
ATC=GEN_picry — GENpraprr (6)

Where GEN p oy 18 the total transfer capability
(I'TC), GEN gy 18 real power flow (E7C)
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The AGC system will control or dispatch the
generation to supply power to the grid following the
availability declaration of each power plant under
PPA. Then, this is a maximum power generation
dispatch limit under the AGC system. In the large
scale power system, there are many generations and
transmission lines which will be difficult to define
the TTC each of transmission line. Then, in this
research will use power flow sensitivity analysis to
find the highly mportant generations to transfer
power on transmission line by using the GSF data.
The group of highly umportant generations is
defined as the maximum GSF generation group to
respond for transfer power on real time when load
demand in system variation. Other than this
generation group can camry to set for system
congestion protection. Then, The TTC of
transmission line in a study is the consumption of
the maximum GSF generation group to transfer
power on each of transmission line. Then, A Novel
ATC assessment calculation incase not considering
the renewable generation capacities integrated at a
study bus can presents n equation (7):

G, -
ATCyp = Zq GDL.Main _Gengse, . Group -
fzzl Quiput Main _ Gelgsr,, Grews

However, for a case of considering the renewable
generation capacities integrated at a studied system,
ATC can be newly proposed presented in eq. (8):

G,
Zq GDL Main _ Gengsr, , grop
AT Ci’\'b\'en’ = G
+Z ~ Renewablegs | Grop
()
GI'I .
Z b Ouitput Main _Gengse,  croup

G" ¥ ’
+ZG1 Output Renewable _Gengg o

Where GDL.Main_Gengsg, , gy, 15 the maximum
GSF Main generation group, Renewablegsy, Group
1s the maximum GSF renewable generation group.
O”fx’-’”me”_Ge”csp}msmw is the real power

supply of the maximum GSF generation group,

Output Renewable _Gengs g, 1is the real power

supply of the maximum GSF renewable generation
group
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5.2 The Congestion protection

The congestion protection in this paper use for
protects transmission lines overloading by set the
optunal primary respond generations. These respond
generations have been considered from the MW
impaction generation of the maximum GSF
generation group. The MW impaction calculation
can presents in equation (9):

MW,

Dmpaction

= Gen Quiptit ymry * GSF Gopararony  (9)

Where Gen.Ouiput gy is the real power supply of
generator, GSFg, a0 15 the GSF factor value of

generator

6. The simulation and study results

In this section, there are two main significant
parts of results. The first part 1s to mdicate and show
how important of these highly important generators
to transfer power on transmission line and the
second part is to reveal the newly transmission line’s
ATC assessment by comparing the traditional way
of ATC calculation and the newly proposed method
which consider the effect of renewable generation
integrated into the system.

6.1 The group of highly important generations
are dominant on transferring power in each
transmission line

This study result indicates how significant of the
key generations 1mpact to power-transfer on the
critical transmission lines. The test simulation will
check the respond of generators incase restoration of
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line on multi-lines bus was overloaded. The study
results compare the variation of power-transfer in
case of the high capacity generator in area 2. 4 and 5
are shedding. Those all result are shown in Table 3.
The group of Maximum-GSF generation on line no.
2803-2806 is shown in Table 4. The study results
test in case the transmission line no. 2803-2806
circuit 2 was tripped which effect to line no. 2803-
2806 circuit 1 1s overload.

Table 3. The High generator capacity in area 2. 4 and 5

High Generator Capacity each of Area
Gen Gen Min Max
Area | Number MW MW MW
2 2011 250 100 250
4 4048 295 120 300
5 5043 240 106 265

Table 4. The group of Max-GSF generator on
transmission line no. 2803-2806 (the important line)

Generator Sensitivities

Gen GSF Gen MW

No. | Number | Sensitivity | MW | Impaction
1 2021 0.861 120 103.32
2 2022 0.861 120 103.32
3 2024 0.861 120 103.32
4 2025 0.861 120 103.32
3 2023 0.861 110 94.71
6 2026 0.861 110 94.71

Table 4 shows the group-hist of Maximum GSF
of generators according to the MW impaction
ranking from high to low. Those all transmission
lme connected to bus no. 2803 are shown in Fig.6.
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Figure.6 Major Transmission lines connected on bus no. 2803
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Figure.7 The Power transfer each of Transmission line
connected bus no. 2803
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Figure.8 The shedding of generator no.2011
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Figure.9 The shedding of generator no.4048
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Figure.10 The shedding of generator no.5043
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Figure.11 The power transfer of lines connected on bus
10. 2803 when the Max-GSF generation changing

The study results are shown in Fig.7-12. The
total simulation time 1s 50 second with followimng
scenarios. At the time 10 second. line no. 2803-2806
circuit 2 was tripped and at the time 20 second, all
generators 1n table 3 are shredded respectively.

Figure 8-10 show the power transfer of lines
connected on bus no. 2803. We found that when
those generators no. 2011, 4048 and 5043 are
shedding, they do not affect to power transfer on
transmission line no. 2803-2806 circuit 1. However,
for the cast of the Maximum GSF generators, it they
are decreasing the output power, it will directly
affect to the power transfer on this transmission
lines significantly as that shown i Fig.11-12.
Theretore, one can conclude that this generator
group has highly important transfer the power on
this transmission line. The scenario setting of
generation capacities decreasing will be decreased
follow MW impaction as shown in table 4 every 5
second by start at 10 second. From the above result,
therefore, we can find that the responsiveness of
generations can be used for the transmission lines
congestion protection by defined the primary
respond generation when load ecreasmg or
decreasmng. In the case of these generations are
limited to supply power, it will create insufficient
power transfer to support the increasing demand.
This situation can cause bus voltage decrease and
affect the stability of power system.
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Active Power (MW) In this study, we compare two ATC assessment
130.00 R O methods: the first one 1s to consider ATC base on
104.00 { i F % ; } | | | thermal limit, and second one is considering

) B | | | Generation Dispatch Limit as show in Table 5 and 6.

78.00 I | | : : ! Table 5 shows the Generation Dispatch Limit each

! Ll [ [ | generator fo transfer power on this transmission line

52,00 - ;'JJL!, e follow Table 4. The Table 6 shows the line capacity

} | ! | : by considering the thermal limit of transmission line

2600 —— - e no. 2803-2806. The comparison results between a

0.00 ! | ! ! ! new ATC assessment and the ATC assessment base

0.00 20.00 4000 60.00 80.00 100.00 on thermal limit without considering renewable

Time (s) generation can show in Table 7.

trf_2804_2021_1- Total Active Power/LV-Side in MW The study results in Table 7 found a new ATC

‘:_izg:_ggi_: Eia: ic‘i"e :zuwe”j’tz':fge in mw assessment technique has high TTC to the transfer

—_—— :rf-2804_2024-1 TZ::I Ai::: FomerILV.Side in MW POWRRQUE Nl ATC has less than the ATC
uf_2804_2025_1- Total Active Power/LV-Side in MW assessment base on thermal limit.

trf_2804_2026_1: Total Active Power/LV-Side in MW
Figure.12 The Max. GSF generation output decreasing

Table 5. The Generation Dispatch Limit of the Max-GSF generators on transmission line no. 2803-2806

Generator Output Generation Dispatch Limit Max Use Remain
Number | Gen MW | Gen Mvar | Min MW | Max MW | Min Mvar | Max Mvar | (MVA) | (MVA) | (MVA)
2021 120 45 48.4 121 -30.25 45 129 123 1
2022 120 45 48.4 121 -30.25 45 129 123 1
2023 110 45 45.2 113 -28.25 45 122 114 3
2024 120 45 48.4 121 -30.25 45 129 123 1
2025 120 45 48.4 121 -30.25 45 129 123 1
2026 110 45 45.2 113 -28.25 45 122 114 3
Table 6. The transmission line no. 2803-2806 capacity base on thermal limit
Line Capacity with Thermal limit considering
Line no Circnit | From MW | From Mvar | From MVA | Lim MVA | Remain MVA | Max Percent

2803-2806 1 396.2 36.2 397.8 476.9 79.1 84.4
Table 7. ATC assessment result without The testing will increase load continuous until
renewable consideration power system reach the unstable stage by used
The ATC assessment comparison repeated power flow technique. The study result
Considering Method TIC | ETC | ATC found the multi-line bus no. 2707 has occured
Thermal Limit 4769 | 3978 | 791 critical voltage 1n area 2 at load factor 0.09 as show
Generation Dispatch Limit 760 750 10 ey |
6.2 The Voltage stability and ATC assessment 21.05 A ~—Bus 2707 voltage
results when considering the renewable & 1
generation capacity integration. g 0.95
5]
The study results are focps on voltage stability = Oogi -
study and the transmission line’s ATC assessment - 08
;)11 dth; multci-l?'ne.s W‘iﬂl. criti%]l \;oltta%le bus wlllen é 0. 7 5
oad demand is increasing. The tested-system has
integrated the renewable 9§/IW at all 115 )IriV buses 2::200' 0.02 003 0.040.05 0.06 0.07 0.08 0.09
in area 2. Then, the load demand factor step for Load Factor
increasing is 0.01 pu. (one percentage of total loads Figure.13 The voltage variation on bus 2707
in area 2). under voltage stability limit

International Journal of Intelligent Engineering and Systems, 2019 DOI: 10.22266/1jies2019



Received: July 1. 2019

SuU
Bus: SU (2707)

108

56.1 MVR

Area: 2 (2) —L
Zone: 1 (1)
1.01 pu 46.0 MW 26.2 MW 8.3 MW 31.6 MW 32.3 MW
116.18§ KV 19.8 MVR 8.1 MYR 17.7 MVR 7.8 MVR 2.7 MVR
-23.71 Deg 50.1 MVA 274 MVA 19.6 MVA 32.5 MVA 32.4 MVA
0.00 $/MWh

ﬁ CKT1 ﬂ CKT1 1.06 tap 1.04 tap

Rzms ﬂ CKT 1
1.01 pu 2715 CKT1
116.67 KV 1.00 pu 2750 1 CKT 2
115.21KV 0.98 pu 2213 ST-2
113.26 KV 1.05 pu 2214
2317 KV 1.05 pu
23.09 KV

Figure.14 The Multi-line bus no.2707

Table 8. The group of Max-GSF generator with Primary respond generation on line no. 2705-2707

Generator Qutput Generation Dispatch Limit Max Uses Remain
2011 249.67 53.1 100 250 -62.5 125 279.51 | 255.25 24.25
2012 249.67 54.23 100 230 -62.5 125 279.51 | 255.25 24.25
Table 9. The group of Max-GSF generator with renewable generation on line no. 2705-270
Generator Output Generation Dispatch Limit Max Uses Remain
Number | VW | tvar | MW | MW | Mvar | v | MVA | MVA | VA
2705 9 0 0 9 -3.87 3.87 9.8 0.8
2706 9 0 0 9 -3.87 3.87 9.8 0.8
Table 10. The group of Max-GSF generator (Top 10 list) with primary respond generation on line no. 2715-2707
Generator Output Generation Dispatch Limit Max Uses Remain
v Sop U /S [y gl [0 | M rva | eva ] v
2003 11.98 6 4.8 12 -3 6 1342 | 13.40 0.02
2004 11.98 6 4.8 12 -3 6 1342 | 1340 0.02
2005 11.98 6 4.8 12 -3 6 13.42 | 13.40 0.02
2040 7.29 -4 4.5 13 -4 6 14.32 8.32 6.00
2040 1.65 -0.75 1.2 3 -0.75 1.5 3.35 1.81 1.54
2040 7.09 -4 4.5 13 -4 6 14.32 8.14 6.18
2051 33.96 5.03 13.6 34 -8.5 17 38.01 | 3433 3.68
2052 33.96 5.03 13.6 34 -8.5 17 38.01 | 3433 3.68
2053 33.96 5.03 13.6 34 -8.5 17 38.01 | 3433 3.68
2054 33.96 5.03 13. 34 -8.5 17 38.01 | 3433 3.68
2063 61.65 6.9 252 70 -15.75 315 76.76 | 62.03 14.73
2064 61.65 6.9 25.2 70 -15.75 315 76.76 | 62.03 14.73
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Table 11. The group of Max-GSF generator with renewable generation on line no. 2715-2707

Generator Qutput Generation Dispatch Limit Max Uses Remain
. . Gen Gen Min Max Min Max } i .
Number | iy Myvar | MW | MW | Mvar | Mvar | VA | MVA | MVA
2715 9 0 0 9 -3.87 3.87 9.8 9 0.8

The Multi-line bus no. 2707 in Fig.14 has two
incoming lines then this is considered as a critical
line and need to find the ATC assessment. Then. the
Max-GSF generations of each transmission line in

case not consider and in case consider the renewable
generation capacity show in Table 8-11. The ATC
study results each condition show in Table 12-13
and Fig.15-18.

Table 12. The ATC assessment comparison results without consider the renewable generation integration

Line No. Considering Method Basacase at Load Factor 0.09
TTC ETC ATC TTC ETC ATC
o i y z A9 ) 3
97052707 Thermal limit 104.2 50.1 541 104.2 53 51.2
Generation Dispatch Limit 559.02 | 510.75 48.27 559.02 559.02 0.00
37152707 Thermal limit 179.1 274 151.7 179.1 30.9 148.2
Generation Dispatch Limit 39549 | 329.81 65.68 395.49 341.00 54.49

Table 13. The ATC assessment comparison results with consider the renewable generation integration

Line No. Considering Method AR ¢S Mt Load RaQer 0.09
TTC ETC ATC TIC ETC ATC
2705.2707 Thermal limit 104.2 50.1 54.1 104.2 53 51.2
Generation Dispatch Limit 560.62 510.75 49.87 560.62 559.02 1.6
2715.3707 Thermal limit 179:1 274 151.7 179.1 30.9 148.2
Generation Dispatch Limit 396.29 329.81 66.48 396.29 341.00 55.29
The study results in Fig. 15-16 are the ATC -
assessments i case of not consider the renewable 'l rATC
generation capacity in system. The finding showed 0000 FETC
that the ATC of transmission line no. 2705-2707 22 o8
with a new technique limited the power transfer at E
load factor 0.09 as same as voltage limit while the K d
ATC assessment with Transmission line’s thermal £ 0w
limit are not linmit. For, the ATC assessment of <3
transmussion line no. 2715-2707 1is not limit. Then, Bae 001 D02 003 04 005 005 007 008 0.09
the transmission lme no. 2705-2707 must mmprove g LOADFACTOR

the voltage for protect system unstable.
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The figure.15 The ATC and ETC changing on line no.
2705-2707 without renewable generation capacity
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The figure.16 The ATC and ETC changing on line no.
2715-2707 without renewable generation capacity

For, the study results in Fig. 17-18 are the ATC
assessments in case of considering the renewable
generation mtegrated in power system. The finding
showed the ATC of transmission line no. 2705-2707
and no. 2715-2707 are increased little power transfer
limits. Then, when power system operation during
peak load period, if there are renewable generations
integrate into power system, it will increase the
ATC of transmission lines or power transfer limit in
power system which can enhance power system
security.
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The figure.17 The ATC and ETC changing on line no.
2705-2707 include renewable generation capacity
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The figure. 18 The ATC and ETC changing on line no.
2715-2707 include renewable generation capacity

7. Conclusions

The transmission line’ ATC assessment and
voltage stability protection have highly important in
power system control and planning. If the
generations or the transmission lines have highly
transferred power over load, it will have damaged
and carried the system to loss security. Then, this
study has proposed a novel transmission line’s
availability transfer capability (ATC) assessment
method by consider the generation dispatch limit
(GDL) and renewable generation capacity integrated
i system. The ATC calculation m this study 1s the
determination of the new TTC, which 1s the total of
maximuin capacity of the maximum GSF generation
group that is important to transfer power on the
transmission line. The Maximum capacity of each
generator will reference to the Availability
Declaration Statement (ADS) according to the
power purchase agreement (PPA). Which, this is the
generation dispatch limit (GDL) on the real power
system control.

The study results found this a new method can
enhance and remnforce the ATC of transmission line
mn a large power system as well as voltage limit or
thermal limit or generation stability limit techniques.
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Moreover, this novel ATC assessment method
cans applicate to predict or use to be a predictive
index for protect the system voltage instability and
system congestion protection. However, in case of
congestion control for transmission lines connected
to multi-lines bus can use the maximum GSF
generation group to control power flow on
transmission line but the multi-lines bus must have
the more than one incoming line from the different
power source. The reason behind is because if one
of transmission lines connected on multi-line bus
has decreases power transfer, the power tlow must
transfer from another available transmission line to
compensate the power. Therefore, this is the key
criteria for the transmission line’s congestion control
and these newly proposed methodologies will
reinforce power system security enhancement.
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A Proper Location FACTS Device Placement and Primary Generation
Response Definition for Multi-Lines Buses Security Enhancement
Under Contingency Analysis

Chaisit WANNOIL Supattarachai JITCHOPJAIL Narumon WANNOI,
S. BUNJONGIIT and Chai/ Chow CHOMPOO-INWAI
Electrical Engineering Department. Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang,
Bangkok. THAILAND

Abstract

This paper presents a proper location of FACTS device placement and a primary generation response definition for Multi-Lines
buses security enhancement under contingency condition using power flow sensitivity analysis. The newly proposed scheme of
optimal location FACTS device focuses on multi-lines critical voltage buses. The study uses a continuation repeat power flow
technique to find the critical voltage buses in system. The Multi-Lines bus security assessment has considered Available Transfer
Capability of transmission lines connected to bus. The FACTS device in this paper will focus on installing the Static VAR
Compensator. The study results reveal that, with the newly proposed technique. a voltage stability margin has increased even when
load demands are increasing under a single contingency condition. In addition, when installing FACTS device in the proper
location. generators can control power transfer on transmission lines and it can protect lines overload which result in the

Multi-Lines buses security enhancement.

Keyvwords: FACTS device, Primary Generation Response, Multi-Lines Bus Security, Contingency, Sensitivity Analysis

1 INTRODUCTION

In a large power system has many buses in system which it
connected with transmission lines for power system stability.
Each of bus may connected with many transmission lines .,
loads, Generator. transtormer or FACTS devices which in this
paper has called this bus is the Multi-Lines bus. Then. the
Multi lines bus security assessment and protection planning
have necessary to study especially in case of the transmission
line outage. The line outage impaction will make power
transfer to Multi-lines bus not enough for load demands or
make another transmission line on multi-lines bus over load
especially under system have large solar power system
integration to system [1]. This is a major problem for define
method or technique to protection and reduce impaction in
power system. In a study has focused on improving the voltage
stability [2] and protection planming including the security
assessment of Multi-lines critical voltage bus. In a study has
used a newly continuation repeat power flow technique to find
the critical voltage buses in power system [3]. These
Multi-lines critical voltage buses data and the data from a
technology assessment and financial indices study can carries
to promote areas and support considering for installation the
new generations. This paper presents a proper location of

FACTS device placement and a primary generation response
definition for Multi-Lines buses security enhancement. The
Multi-Lines bus security assessment has considered Available
Transfer Capability (ATC) assessment of transmission lines
connected to bus. The ATC has considered under the thermal
limit in MVA which it must have more than 20%. A Power
flow sensitivity analysis consists of the Generation Shift
Factor (GSF) and the Line Outage Distribution Factor (LODEF).
The GSF data has carried to applicate for a primary generation
response definition for control power transfer on these
transmission  lines.  This  study have used a
Modified-Thailand"s power system during peak load in 2014
[4] for a system base case. The system base case have
generation capacity 27.400MW include solar power generation.
Load demand 26.810MW and losses 590MW. The system
base case has set a violation limit control of voltage at 0.9-1.1
p.u. and %loading of transmission line not more than 100%
The Study results have used POWER WORLD program and
DIgSILENT program for simulation and analysis.

2 POWER FLOW SENSITIVITY ANALYSIS

In this paper have two sensitivity factors [5] for power transfer
analysis to power system security enhancement planning.



2.1 Generation Shift Factor (GSF)

The Generation Shift Factors calculate the effect of change in
generation on the line flows, as shown in equation (1).

]
ali = (1)

Tt is assumed here that the change in generation at the itl bus
is picked up by the reference bus. The new power flows in
each line can be found in equation (2).

7% = o ¢ ayd,; vI=12, ..., L (2)

pis
Where:

24 is the power flow in the Ith line before the itl
generator outage.

A(li) is the linear Generation Shift Factor for the Ith lme for
a change in output of Ith generator,

Af1 is the MW change in power flow in the Ith line,

Api is the change in generation at the itl line

2.2 Line Outage Distribution Factor (LODF)

The line Outage Distribution Factors are used to check line
overloading which the result of transmission line and defined
in equation (3) then the new line flows can show in equation

().

Agp
dyg = fo};d (3)
k

Where:

d;;. 1s the line Outage distribution factors for line ! after an
outage of line k.

A is the change in MW flow in line ! due to the outage of
line k.

21 i< the flow in line k before its outage.

[ = 29+ dp g 4
3 THE AVAILABLE TRANSFER CAPABILITY

In this paper purpose to study and evaluate Available Transfer
Capability (ATC) by using limits for various power system
elements include MVA (or Amp) limits on transmission lines
which this limit is the Total Transfer Capability (TTC) of
transmission line. The Limits for transmission lines are always
entered in MVA from the MVA rating using the equation (5).

Limit appy3|Vn| )

LimitMVA = 106
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Where:

Limitgmy 1s Limit in Amperes,
Limitynyg 1s Limit in MVAs,
VN is nominal voltage in Volts

The North American Electric Reliability Council (NERC
defined ATC as measure of the transfer capability remaining o
each transmission lines in the transmission line network. Th
TTC can be express in equation (7).

TTC = ATC + TRM + (ETC + CBM) (7

In this paper, the margins of TRM and CBM are nc
consider and wusing NERC ATC terminology and th
committed Uses is real power transfer on transmission ling
Then the ATC here can show in equation (8).

ATC = TTC — Committed Uses (8

Where:

TTC is Total Transfer Capability.
ATC is Available Transfer Capability,
TRM is Transfer Reliability Margin,
ETC is Existing Transfer Capability.
CBM i1s Capability Benefit Margin

3 VOLTAGE STABILITY LIMIT
3.1 Voltage Stability Concept [6]

The Voltage stability is ability of a power system to maintai:
the voltage at all buses under normal operating conditions an
contingency condition. The voltage collapse can lead th
power system to unstable which can show the locus of critice
voltage point each of power factors with the V-P curve at bu
voltage as show in figure 1.The V-P curve analysis process i
this study will use power flow solutions for increasing powe
transfers of MW by increase Load demand factor and decreas
generation capacity in area.

VelEg 09lag 0950ag 1.0 0.95 lead 0.9 lead power factor

{ !f / / /

1.0

0.8

0.6

04 4
//,' ~ Note: Ppy,y is the maximum power

0.2 & transfer at unity power factor

0.0 PolPosax

0.0 02 04 06 08 1.0 12 14 16
Figure 1. The VR-PR curve at bus voltage [6]



3.2 Static VAR Compensator (SVC)

The FACTS device in this study have focused on Static Var
Compensator (SVC) for improve voltage stability. The type of
SVC for study has used the shunt capacitor bank and switches
ON-OFF with circuit breaker (CB) as show in figure 2.

Bys2 Bys3

T | Bus4
sve

Load1

Bys1

r

Generator

Load2

Figure 2. A simple diagram for installing and control of SVC

The figure 1 show a simple diagram for mstalling and control
by use CB of the SVC in this study which the capacity of SVC
have presented in MVAR. The capacitor values can calculate
with equation (9).

& — Lz (9)
21 fVims
‘Where;
Cis Capacitor (pF).
Q is Reactive power (MVAR),
F is Frequency (Hz),
¥ is Bus voltage (rms)

4 A STUDY RESULTS

A study results have focused on a proper location of FACTS
device placement and a primary generation response definition
for Multi-Lines buses security enhancement under contingency
condition. In this study have used a modify Thailand power
system in 2014 for system base which can separate the study
results in two main topics.

4.1 A Proper Location of FACTS Device Placement

In this study results used repeated power flow technique for
location definition of FACTS Device Placement by focused
into Northeastern of Thailand power system. This technique
has used Load demand increasing by considered voltage
stability limit to find the critical voltage buses (CVB). The
step size for load increasing factors is 0.01 per step which the
repeated process will run until system unstable. The CVB in
this study results is a proper location of FACTS device
placement which the critical voltage buses results have shown
in figure 3.
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Figure 3. Voltage profile in case load demands factors
in area increasing until system unstable

In figure 3 found one critical voltage bus (BNN bus) which
this bus is a proper location of FACTS device placement for
improves the voltage stability in area. The voltage variation of
this CVB can show in figure 4.

———arn

| Load Factors

1
The Northeastern of -1 -
Thailand power system [4]
1

- 2 >

Figu.té 5. The Installation of SVC plant at Critical voltage bus
(BNN) for testing and prove voltage recovery



The figure 5 has shown the location of critical voltage bus in
system can show in figure 6 and the testing results for voltage
recovery with install the SVC can show in figure 7.

Loads
SVC plant

Figure 6. The Installation of SVC plant at Critical voltage bus
(BNN) for testing and prove voltage recovery

Load increasing

{Lﬂf__

SVC switch ON

_7

Vﬂltage limit
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The Figure 6 has shown the critical voltage bus (BNN) which
installed SVC and Loads for voltage recovery testing with
SVC. The testing has switched on load to bus with 4 MW/step
until bus voltage lower 0.95 p.u. and after that the SVC will
switch ON umtil voltage recovery higher 0.95 p.u. with
1OMVAR/step. The study results as shown in figure 7.

4.2 A Primary Generation Response Definition for
Multi-Line Bus Security Enhancement

In this study have focusing on security assessment and primary
generation respond definition for multi-line bus security
enhancement. The multi-line bus for study has focus on
inter-tied line buses which these buses have important for
power transfer during areas. The multi-line bus for study has
connected transmission line from areas and Areal as show in
figure 8 which this bus (KK3_2803) has 12 transmission lines
and one SVC.

A) A Study Multi-Line Bus Security assessment results the
Multi-Line Bus Security assessment have use the Available
Transfer Capability (ATC) include the LODF analysis under
contingency condition. The contingency condition in this study
has focus on transmission line outage or trip. The study results
have shown in table 1 and 2. In a table 1 found i power
systemn normal condition the transmission lines connected to
multi-line bus have the ATC not less than 20% that mean this
bus has high security by all transmission line have margin for
support load demand increasing. But, under contingency
condition each of transmission line outage that found

090586 300 400 .00 o6 1871000 transmission line no. 2803-2806 when it outage it make
2748 BNN: Voitage, Magnitude in p.u another line over load and make The ATC of transmission line
Figure 7. Voltage variation during load increasing less than 20% as shown in figure 8.
and SVC switch ON
Table 1. The ATC assessment of transmission lines on KK3_2803 bus
Available Transfer Capability (ATC) of Transmission lines
Bus No. Base 2803
2802-1 61.44 Trip 38.6 61.1 61.1 61.3 61.3 61.4 61.4 61.3 61.3
2802-2 61.44 38.6 Trip | 61.1 61.1 61.3 61.3 614 61.4 61.3 61.3
2804-1 81.64 81.2 81.2 Trip | 66.4 81.8 81.8 82.1 82.1 81.8 81.8
2804-2 81.64 81.2 81.2 66.4 81.8 81.8 82.1 82.1 81.8 81.8
2805-1 o 72.9 72.9 727 Trip 65.0 | 723 72.3 659 | 659
2805-2 72.55 72.9 72.9 72.7 65.0 Trip 72.3 72.3 659 | 65.9
2806-1 57.09 59.3 59.3 59.3 55.5 55.5 Trip 17.6 55.7 55.7
2806-2 57.09 59.3 59.3 593 55.5 55.5 17.6 Trip 55.7 55.7
2813-1 72.6 72.9 72.9 2N 65.0 65.0 724 72.4 Trip 62.6
2813-2 72.6 72.9 72.9 2 e N 65.0 65.0 72.4 72.4 62.6 Trip
4807-1 74.7 70.2 70.2 74.6 74.6 74.6 74.6 74.8 74.8 64.6 64.6
4807-2 74.7 70.2 70.2 746 | 746 74.6 746 | 748 74.8 64.6 | 64.6
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Table 2. The LODF analysis of transmission lines on KK3_2803bus

Line Outage Distribution Factors (LODF)

Bus Number

2803

2802-1 Trip 55.9 -0.5 -0.5 -1.2 -1.2 -0.6 -0.6 -1.1 -1.1 -18.3 -18.3
2802-2 55.9 Trip -0.5 -0.5 -1.2 -1.2 -0.6 -0.6 -1.1 -1.1 -18.3 -18.3
2804-1 2.0 2. Trip 84.3 2.4 2.4 2.0 2.0 2.1 2.1 1.0 1.0
2804-2 2.0 2. 843 Trip 2.4 2.4 2.0 2.0 2. 2.1 1.0 1.0
2805-1 1.3 1.3 0.6 0.6 Trip 26.5 0.5 0.5 23.6 23.6 0.7 0.7
2805-2 1.3 1.3 0.6 0.6 26.5 Trip 0.5 0.5 23.6 23.6 0.7 0.7
2806-1 7.0 7.0 5.9 59 58 5.8 Trip 2.2 5.1 5.1 33 33
2806-2 7.0 7.0 5.9 5.9 58 5.8 92.2 Trip 5.1 5.1 3.5 3.5
2813-1 1.3 1.3 0.6 0.6 26.8 26.8 0.5 0.5 Trip 35.6 0.7 0.7
2813-2 1.3 1.3 0.6 0.6 26.8 26.8 0.5 0.5 35.6 Trip 0.7 0.7
4807-1 10.4 10.4 0.1 0.1 0.4 0.4 0.2 0.2 0.3 0.3 Trip 51.6
4807-2 10.4 10.4 0.1 0.1 04 04 0.2 02 03 03 51.6 Trip
Table 3. The GSF analysis of transmission lines on KK3 2803bus
Generation Shift Factor (GSF)
2803-2802 2803-2804 2803-2805 2803-2806 2803-2813 2803-4807
Gen.No. | GSF | Gen.No. | GSF | Gen.No. | GSF | Gen. No. GSF Gen. No. GSF Gen. No. | GSF
2011 0.477 2021 0.846 2052 0.325 2021 -0.117 2021 -0.013 2021 0.542
2012 0.477 2022 0.846 2054 0.325 2022 -0.117 2022 -0.013 2022 0.542
5041 0.464 2024 0.846 2053 0.325 2024 -0.117 2024 -0.013 2024 0.542
5042 0.464 2025 0.846 2063 0.325 2025 -0.117 2025 -0.013 2025 0.542
5045 0.464 2023 0.846 2051 0.325 2023 -0.117 2023 -0.013 2023 0.542
5043 0.464 2026 0.846 2064 0.325 2026 -0.117 2026 -0.013 2026 0.542
5046 0.464 2734 0.444 2004 0.324 4011 -0.132 4034 -0.025 2041 0.534
5044 0.464 2735 0.444 2040 0.324 4033 -0.132 4035 -0.025 2044 0.534

Over load
o

Figure 8. The KIK{3_2803 bus i case transmission line
no. 2803-2806_1 outage

and in a table 2 that show the LODF analysis of transmission
lines on KK3 2803bus which it make to know important
transmission lines for support power transfer under each of
transmission line outage.

B) A Primary Generation Response Definition the primary
generation responds definition have used GSF data for select
generation by select the generator has maximum of GSF which
the GSF data of power transfer each of transmission line have
shown in table 3. In case of transmission line no. 2803-2806 1
outage and it make line no. 2803-2806_2 over load. Then the
primary generation response group is generator no. 2021,
2022, 2024, 2025, 2023 and 2026 but in this case will have
select generator no. 2021, 2022, 2024 and 2025 when compare
generator capacity that found it have same and high capacity.
The study results have shown in figure 9-11. In the figure 9
shown the ATC recovery of transmission line with definition
of primary response generation which found it can recovery of
the ATC of line no. 2803-2806 2 increase and it not over load.
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The power transfer variations each of transmission line and
primary response Generators can show in figure 10-11 which
the scenario can present follow:

- At 1 sec occur fault on transmission line no. 2803-2806_1

- At 1.05 sec transmission line no. 2803-2806 1 has outage.

- At 3 sec decrease generator no. 2021 60 MW from 120 MW

- At 4 sec decrease generator no. 2022 60 MW from 120 MW

- At 5 sec decrease generator no. 2024 60 MW from 120 MW

- At 6 sec decrease generator no. 2025 60 MW from 120 MW
Which these generation capability is minimum require for the
ATC recovery of line no. 2803-2806_2 from 17.6% to 20%.

5 CONCLUSTIONS

The study results have presented the technique for find a
proper location to install FACTS device in a large power
system. The study results found a voltage stability margin has
increased even when load demands are increasing when
installing FACTS device in the proper location and presented
the newly proposed technique for definition the primary
generation response under a single contingency condition
which in this study results found the definition generators can
control power transfer on transmission lines and it can protect
lines overload which result in the Multi-Lines buses security
enhancement base on considering the ATC of transmission
line connect to Multi —line bused and voltage stability limit.
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Abstract

This paper presents an optmum location defintion and technique for a befter placement location of renewable power generatio ns
in a wide area power system using repeated power flow technique considering voltage stability limit. In this sudy, for a better
understanding, the author have implemented the newly proposed idea on Thailand’'s power system especially focusing on
renewable generation support plan from the government policy under the current Power Development Plan (PDP 2015). The
study results have compared between: 1) mstallation the renewable gemeration at the newly recommendation area and 2)
mstallation the renewable generation facilities throughout into distribution system m the Northeastern area of Thailand. The study
results focus on impaction to voltage stability when system has load demand inereasing and generation capacty deereasing This
study, a Modified-Thailand’s power system during peak load in 2013 was used as a system base case with generation capacity
around 27 400 MW and load demand around 26,810 MW while system losses 590 MW. The results found that the newly
proposed technique can define optimum loeation for mstall renewables generation in wide area to enhance sysem security in
term of voltage stability impaction. This technique may also carry to define the installation of other equipment as FACTS devices
or define generation dispatch for Automatic Generation Control system (AGC) for power system stability enhancement.
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1. Introduction

Typically. the area definition and technique for a proper mnstallation of new power genemtion m a wide area ¢
power system is very difficult to define base on optinmm and highly usefilness to power system stability ', Ther
this study have present a technique to defme optinmm area to promote area or zone for a proper placement of an
new generation facilities integration mto power system usig continuation repeated power flow calculation. T i
found that the optmmm location for mstallation ® critical voltage area when lad demand in area has increased ¢
generation capacity i area has decreased which the critical voltage areas have considerad with voltage stabilit
limit. This study used Thailand’s power system in 2013 during peak load*** for system base case which the syste
has control voltage at 0.95-1.05 p.u. under violation limit setting is 0.9-1.1 p.u. and %lbading of transmission les
than 100%. Thailand’s power system have explanation plan to mstall new renewable power generation follow th
current power development p]ans'é. This study focus on define the optinmm location for install renewable generatio
in the Northeastem of Thailand power system or area2 used POWERWOLD sinmlation program. Typically, powe
system may become unstable if generation capacities in area are decrease or load demands m area are mcrease ¢
some intermittent renewable resources were integrated mto powersystem'. Then. this newly proposed technique ha
used these issues to create the case studies and solved by repeated power flow calculation to defme optimmr
location forinstallation renewable generation considering voltage stability lunit.

2. Key concepts relatedto voltage s tability limit

According to®. the Voltage stability problems i power system have occurred in heavily stressed or congestio
system which this problem leading to voltage collapse and it make system stability decrease. Same sifuation can b
happened m Thailand system under the renewable genemtion mixed environment. One can represent the voltag
collapse with the VR-PR curve at bus voltage when the total active powerat bus has increasedas show in Fig. 1.
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Fig 1. The Vg-Py curve at bus voltage®
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Figure 2 has shown flowchart for newly proposed optinmm location technique repeated power flow calculation.
Ths newly proposed method has a major different from the traditional repeated power flow method with
contmmation repeated power flow calculation under two condition which consist the continmous load factor
increasing and generation factor decreasing method. This flowchait have start with cieate the optinmm power flow
by control limit of voltage & 0.95-1.05 p.u. and %loadmg of transmission line <100%. After that select power
system area for study and start to find critical voltage buses m case load demand in area increasing by step size for
mereasmg is 0.1 until systemunstable under genemtion capacity not change. In case of generation capacity m area
decreasing by step size for decreasmg is -0.1 until systemunstable under load demand not change. Then. The study
results to find the critical voltage buses will select voltage buses less than voltage violation limit which these critical
voltage buses (CVB) are optinmm area forinstallnew power generation for voltage stability enhancement.

4. Study results

The results have compared between two cases study: the case of bads demand increasmg and the case of
genemtion capacity decreasmg m area which the results in case system base case as shown i Fig. 3.4 by focus on
main buses 11 area (71 buses at 115kV and 230kV). A study results from two case studies found 6 buses (LE. SU.
SKA. BR. PKCNR2) i1 system have voltage lower than the violation limit control. Then. these 6 buses are
recommendationareas to nstall the new renewable generation.
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The Figure 5 have shown the conparison results of the difference location mstallation of the renewable
genermation which consit the installation at recommendation areas and imstallation with distribution at 52 buses at
115kV as same as total capacity (200MW ). The study results found mstallation generation at recommendation areas
can support loads mereasing more than installation with dis tribution which theresults can show in Fig. 6.7.
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Fig. 7. The voltage profile in case of load mcreasing afier installed the renewable generation at recommendation areas.

5. Conclusions

The study results show that installation of the renewable power generation facilities at reconumendation areas
using a newly proposed technique will have a better benefit. It made the powersystem has highly flexibility and can
withstand to the conditions of loads demand mereasing and generation capacity decreasmg significantly. In addition,
this technique can promote areas for mstallation new power generation for improving and mcrease the system
voltage stability. Momover. this technique can also apply to the mstallation of other equipment such as FACTS
devices or define to the generation primary responds and seftmg generation dspatch for Automatic Generation
Control (AGC) for power systemenhancement.
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Abstract

This paper presents an impact study and operation
recommendation in peak load period after solar power
integration to Northeastern power system in Thailand.
The studies are aiming to the countiv’s Power
Development Plan 2010 (PDP2010-rev3) by focusing
on three case studies. The first case is an impact of
system  congestion under a system with single
contingency (n-1) condition. The second case is to
study Power Transfer variation and assessment of
Available Transfer Capability (ATC) on inter-tied lines
to the northeastern power system. The final case is to
evaluate CO, emission resulting from Power Transfer
variation on inter-area tied lines. In this study, the
Thailand power system during peak load period in
2013 was used as a system base case. The results show
that the stability margins of svstem have inereased and
system can support higher load increasing. In addition,
ATC assessment results of inter area tied lines have
also increased and CQO, emission has decreased after
the solar power generation is integrated into the
system.

Keywords

System congestion, Peak load period. Solar Power
Generation, Power Transfer Variation, Available
Transfer Capability (ATC), and CO2 Emission
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1. INTRODUCTION

When considering the trend of solar power
generation capacity integration to Thailand power
system, following the Thailand Power Development
plan 2010 (PDP rev.3). As shown in figure 1. when
comparing the solar power generation supply and daily
load demand in peak load period. we find that the solar
power generation does not cover peak load demand
period. Therefore, before solar power integration, it is
the need to have a system stability mmpact study for
system planning and preparation to support load
demands during this period.

= MSW

W Biogas
B Biomass
= Hydro
u Wind

. mSolar

2012
2013
2014
2015
2016

Fig. 1 The increasing trend of renewable energy in
Thailand

o i T = = = e

Fig. 2 Thailand’s power system overview and the solar power generation integration areas



This paper focuses on the following: (1) a stability
impact study after solar power generation integration
into Thailand’s Northeastern Power System (Area2) as
shown in Figure 2. with maximum capacity of
LOOOMW (2) a power tansfer wvariation and
Availability Transfer Capability (ATC) of inter tied
lines after solar power generation integration to the
system and (3) CO, emission calculation from Power
Transfer variation on inter-area tied lines.

The system base case is separated into 7 areas as

shown in Table 1. This study integrates solar power
plant in Thailand’s Northeastern power system or area
2 which is a reasonable area for installing solar power
generation due to high generation capacity per area
(1750-1900kWlym®). The installation will be
distributed by connecting at all 115kV buses in area 2
where its 52 buses are within violation limit control of
the system (the bus voltage limit is +-0.1 p.u. and
%loading of transmission line is less than 100%).
This study evaluates CO, emission from power transfer
rariation of inter-area tied lines to area 2 using CO,
emission factor data from the Thailand Power
Development plan 2010 (PDP rev.3).

Forecasted Thailand Power System (MW)
Area Generations Loads Losses
1 2379.00 9821.98 84.00
2 2073.22 2924.00 178.54
F 1661.92 2001.66 56.48
4 3329.57 2727.37 113.93
5 3870.11 2862.14 70.70
6 9748.80 3677.23 46.70
7 4381.13 2836.20 44.16
Total 27443.75 26848.58 595.17

Table 1 Thailand power system 2013 data (peak load)
2. THE SYSTEM CONGESTION

This paper studies the impact on power flow
congestion by using violation limits for various power
system parameters. including MVA (or Amp) limits on
transmission lines and high and low voltage limits for
Buses. The limits for transmission lines are always in
MVA unit from the MVA rating using equation (1).

.y LimitappV3IVy|
Limityy, = — w1 (1)

2.1 %loading of Transmission Lines

The % loading means the % uses of power transfer
or real power flow on fransmission lines under the limit
of thermal limit or MVA limit of each transmission
line. This paper defines the %loading of transmission
lines by no more than 100% of limit MVA (Thermal
limit).

2.2 Voltage Limit in System
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The high and low voltage violation limits for
buses are defined within 0.9-1.1 p.u. voltage control
range. When the bus voltage is higher than 1.1 p.u., we
consider that the bus voltage is high. In contrast. when
the bus voltage is lower than 0.9 p.u.. we consider that
the bus voltage is low.

3. THE AVAILABLE TRANSFER CAPABILITY

The North American Electric Reliability Council
(NERC) defines ATC as measure of the transfer
capability remaining of each transmission line in the
network. The Total Transfer Capability (TTC) is
expressed in equation (2):

TTC=ATC+TRM+(ETC+CBM) (2)

In this paper. the margins of TRM and CBM are not
considered and NERC ATC terminology is used. The
ATC here is expressed in equation (3):

ATC=TTC-Committed Uses 3)

Then. the committed Uses are expressed in equation

(4):
Committed Uses=TRM~(ETC+CBM) (4

This paper defines the Total Transfer Capability (TTC)
as the Maximum Limit in MVA and Committed Uses
as the real power flow in MVA. Then, the percentage
of ATC can be expressed in equation (5):

%ATC=%TTC-%Committed Uses (5)
4. THE CO, EMISSION EVALUATION

Presently. the CO, emission factor calculation
consists of the operating margin emission factor
calculation and the build margin emission factor
calculation which is a simple type.

4.1 Operating Margin Emission Factor calculation

The operating margin emission factor calculation
focuses on operating power plant as shown in equation

(6):

EF _ ) FCi yXNCViyXEFco2iy
grid,0Msimple,y EGy

(6)
4.2 Build Margin Emission Factor calculation

The build margin emission factor calculation
focuses on a new building power plant group by
considering the Commercial Operating Date (COD)
plant as shown in equation (7):

EE FCinXNCVLyXEFﬂazLy
EGy

EF_grid,BMsimple,y = (7



where.

EF g orsimpley 15 simple  operating margin - CO,
emission factor in year y (tCO/MWh).

EF giq 5risimpley 18 simple build margin CO, emission
factor in year y (tCO/MWh),

FC;, is amount of fossil fuel type i consumed by
relevant power sources in year y (mass or volume unit),
NCTV;, 1s net calorific value of fossil fuel type i in year
v (GJ/mass or volume unit),

EF oy, 1s CO, emission factor of fossil fuel type i in
year y (tCO2/GI)

i is all fossil fuel types combusted in power plants
serving the national grid in year y.

This study uses the CO, emission factor data of
Thailand PDP2010 rev. 3 as shown in Table 2 which
uses the CO, emission data of each fuel for calculation
as shown in Table 3.

CO;, Emission Factor in Thailand PDP2010 rev.3
(kgCo2/KWh)

Year 2012 | 2013 | 2014 | 2015 | 2016 | 2017

Factor | 0.479 | 0.472 | 0.466 | 0.447 | 0.428 | 0.428

Table 2 CO, emission factor in
Thailand PDP2010 rev.3

Fuel NCV Emission Factor

Type MJ/Unit | Unit | tCOy/Unit Unit

Natural Gas 1.02 e 57.22 MMscf

Heavy Oil 39.77 | Liter | 3.078.20 | mLitres

Diesel o1l 36.42 Liter | 2.698.72 | mLitres
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generator in area2 is in outage and does not affect
voltage and %loading of transmission line.

Fig. 3 Significant generators and impacted area

The impact results after load increase in area 2 follow
load scale factor, shown in Figure 4. and the results are
shown in Figure 5 and Table 5.
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Lignite coal 10.47 Kg | 1.057.47 | Ktonnes

Import coal 2637 Kg | 2.494.60 | Kronnes

=,

Table 3 CO, emission of each fuel
5.STUDIES RESULTS
5.1 The System Power Congestion impact resulfs

The mnpact results of power congestion impact
study are defined on system contingency (n-1)
consideration consisting of impact from each generator
in outage area and increased loads in the area by
considering impact on voltage and %cloading of
transmission lines. The impact results from each of
generators in outage area as shown in Figure 3 and
Table 4 show that 10 generators in area 2. in outage or
shut down sifuations, causes a voltage in some areas
lower than voltage limit but do not affect %loading of
transmission lines in area 2 after the solar generation
power is integrated into the system at S00MW and
1000MW. It can support loads in the area when any

2‘ 0 2924 58.45‘87‘72 llﬁ.illfl&z 1754 204.6 233.9|263.1| 2924

Fig. 4 Load increasing factors and power (MW)
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Fig. 5 Impacted area when loads in area2 increase



128

Quantity of bus voltage and %oloading of transmission lines impacted after each of generators in area2

Generators in Thailand's Northeastern power system Base Case Solar S00MW Solar 1,000MW
No. | Number Name Gen MW | Gen MVar | Voltage | %loading | Voltage | %loading | Voltage | %loading
1 2001 CLB-HI 19.97 1.72 - - - - - -
2 2002 CLB-H2 19.97 1.72 - - - - - -
3 2003 SRD-H1 11.98 6 - - - - - -
4 2004 SRD-H2 11.98 6 - - - - - -
5 2005 SRD-H3 11.98 6 - - - - - -
6 2006 UR-H1 8.39 2.51 - - - - - -
7 2007 UR-H2 8.39 2.51 - - - - - -
8 2008 UR-H3 8.39 2.51 - - - - - -
9 2009 NP-HI 3 0.35 - - - - - -
10 2010 NP-H2 3 0.35 - - - - - -
11 2011 LTK-HI 249.67 125 3 - - - - -
12 2012 LTK-H2 249.67 125 3 - - - - -
3 2021 NPO2-C11 120.84 28.2 3 - - - - -
14 2022 | NPO2-CI2 | 120.84 28.2 3 - - - - -
15 2023 | NPO2-C10 | 112.85 29.33 3 - - - - -
16 2024 | NPO2-C21 | 120.84 282 3 - - - - -
17 2025 | NPO2-C22 | 120.84 28.2 3 - - - B -
18 2026 | NPO2-C20 | 112.85 29.33 3 - - - - -
19 2040 | XSET-H11 7.29 -2.65 - - - . 3 -
20 2040 XSET-H12 7.09 -2.65 - - - - - -
21 2040 XSET-H13 1.65 -0.45 - - - - - -
22 2040 XSET-H14 7.09 -2.65 - - - = - -
23 2040 XSET-H15 1.65 -0.45 - - - - - -
24 2041 NNG-H1 15 3.77 - = - - d -
25 2042 NNG-H2 15 397 - - = - L -
26 2043 NNG-H3 51.38 10.78 - - - ] e -
27 2044 NNG-H4 51.38 10.78 - - - - - -
28 2045 NNG-H5 51.38 10.78 - - - 3 - -
29 2051 PMN-H1 33.96 3.85 - - - - - -
30 2052 PMN-H2 33.96 3.85 - - - - - -
31 2053 PMN-H3 33.96 3.85 - - - - o -
32 2054 PMN-H4 33.96 3.85 - - - 4 ~ -
33 2061 THPP-H1 102.75 28.89 2 - . : - -
34 2062 THPP-H2 107 28.89 3 - - - - -
35 2063 HHO-HI1 61.65 11.59 - - - e - -
36 2064 HHO-H2 61.65 11.59 - - - o - -

Table 4 Quantity of bus voltage and transmission lines impacted from each of generators in area2
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The Quantity of bus voltage and %loading of transmission lines impacted after increased loads in area2

Load Factor / MW Base Case Solar S00MW Solar 1,000MW
Factor (MW) Voltage %loading Voltage %oloading Voltage %loading
0.01 29.24 - - - - - -
0.02 58.48 5 - - - - -
0.03 87.72 - - - -
0.04 116.9 - 2 - 1
0.05 146.2 1 3 - 2
0.06 175.4 5 3 - 3
Unstable
0.07 204.6 9 3 - 3
0.08 233. 12 3 - 3
0.09 263.1 1 4
Unstable

0.10 292.4 5 5

Table 5 Quantity of bus voltage and transmission lines impacted from increased loads in area2

5.2 The Availability Transfer Capability (ATC)
Assessment resulis

The assessment results show the ATC of inter-
area tied lines changes when the solar power integrated
into the system reach to a maximum capacity of 1,000
MW. In this study, the increasing step size of solar
power capacity and solar generation powers of each
bus is 100 MW. The list of inter-tied lines to area2 is
shown in Table 6, and the ATC assessment results of
inter area tied lines to area2 for system base case are
shown in Table 7.

Inter-Area Tied Lines to Area2

From To - .
No From To adel s Circuit kV
1 5708 2701 5 2 1 115
2 5708 2702 5 2 1 115
B 4804 | 2802 4 2 ) 230
4 4807 | 2803 4 2 2 230
5 5803 2807 5 2 2 230
Table 6 Inter-tied lines number to Area 2
Power Flow Limit Percentage (%)

No MW | MVar | MVA | MVA | TTC | Uses | ATC

-94.6 26 98.1 | 117.5 | 100 | 859 | 14.1

-71.4 296 77.3 | 117.5 | 100 | 67.3 | 32.7

-179 -0.7 179 | 476.9 | 100 39 61

-90.9 1.7 91.2 | 4769 | 100 | 20.1 | 79.9

O (RS ROV T

-146.8 | 13.7 | 1474 | 8345 | 100 | 178 | 822

Table 7 %ATC of the inter-tied lines to area 2
for the system base case

The results from Table 7 find one of inter area tied
lines to area 2 has %ATC lower than 20%, and the
%ATC results after solar power integration are shown
in Figure 6 indicating that the %ATC of these inter tied
lines increases.
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Fig. 6 %ATC results after solar power integration

5.3 The CO, emission evaluation after Solar
Generafion Power Integration
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Fig. 7 Power transfer variation of each solar capacity
on inter-tied lines to area 2

The results of CO, emission evaluation focus on
power transfer variation on inter area tied lines to
area2, and the power transfer variation is shown in
Figure 7. When assuming power supply period of solar
generation is 8 hrs/day, the CO, emission results at




CO, factor 0.472 in 2013 (shown in Table 2) decrease
continuously when solar generation power increases as
shown in Table 8.

Solar
Power g&i‘;‘l’z" KWh/day | ksCO2/day
MW) .
200 2283 1.826.400 862.298.23
400 447.8 3.582.400 1.691.358.51
600 639 5.112.000 | 2.413.528.56
800 782.1 6.256.800 | 2.954.022.98
1.000 908.8 7.270.400 3.432.573.95

Table 8 The results of CO, emission evaluation

5.4 An Operation Recommendation in Peak Load
Period without Solar Generation Powers

It is clear from figure 8 that. the solar power
generation cannot supply fotal load demand during the
daily peak load period. During this period, if the
system has load increase or loss of significant
generators. the system stability will be decreased.

[ offeakperiod | Pesk lnad period Pl
=
=
g 1 I I wiithiouf
5 neluding solar Energy Solar
E- Enerey
L
gy | ———————————— . Wy § g Vs
Zss=z=zSsS=SsSSsSsgSsSssssssss2
SSARSYAERSSZodgoEoECEaaaaa0

~——Daily Load profile Time
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Fig. 8 Daily load and solar generation supply period

This problem needs protection plan which is
recommended in this study to reduce the impact and
enhance the system stability.

5.4.1 Short-term planning

List below are those short term planning to remedy

power system with some solar power integrafion.

e  Must-Run the 10 highly significant generators
to supply load in area.

o Keep 5 inter-area tied lines to transfer power
to area2

e Set plan to switch static VAR or other FACTs
devices to bring the voltage and %loading of
transmission line within control limits.

e Set plan by setting Aufomation Generation
Control (AGC) to control the voltage and
%loading of fransmission line within control
limits.
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5.4.2 Long-term planning

For the long term planning if the traditional power
system need to experience with various renewable
generation mixed.

e  Set plan to install the new power generation in
impacted area.

e Set plan to install the equipment, such as
FACTSs devices. to enhance voltage stability
and reduce %sloading of transmission line.

e Set plan to install the new transmission lines
to transfer power to this area.

e Set plan to install Phase Measurement Unit
(PMU) for the wide-area monitoring system.

6. CONCLUSION

This paper is to study power system congestion
impacts under system contingency n-1 condition and in
case of increasing loads in system. We find 10
generators are highly significant in area2. If one of
them is in outage during the operation m peak load
period. the system will be congested. Area2 can
support load up to approxmmately 60 MW during
operation in peak load period. but the voltage in some
area drops below the voltage limit control. When
considering the ATC of inter tied lines to area2, we
find one of inter area tied lines has %ATC lower than
20 %. which means this transmission line has lowest
margin to transfer power from other areas. In addition,
the results of CO, emission evaluation from the power
transfer variation on inter area tied lines reveals that
ATC increases confinuously and the CO, emission
decreases continuously after the installation of the solar
power generation. Although the system stability can be
enhanced during peak load operation. but solar power
itself. does not cover all load period since solar
generation supply period lasts approximately 8
hrs./day. Therefore. there must be plans for system
congestion protection. and this paper proposes the
recommendations for operation during peak load
period to protect and increase system stability.
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