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2 Uszanwas Ancillary Service wusmuaulun1sMnau
1) Reulumeineu i an12gUn@ (Normal conditions)
> msdamsawldaunavesndseu >>  flsruuaruguiidinisanditianaiunis
Waguwaslaevinluvaslvan
2) L’f‘iiau‘lsun'ﬁﬁﬂmuﬂm'iqnlﬁu (Contingency conditions)
> msauanlunsdlanidu >>  fiszuuaiuauiideniswaaiisaneiunsiuasuulasaas
szuulnihlunsaigniau wu Tseluihurawisaesanainssuu Wudu
> idnswdadises >> anussnsalumaluuvdsdndises dmdunsiugasuy
T mdauanisalgnidu
3) L’faiau‘lsuﬂmi?iuﬂ (Other services)

> N13AUANLIWY >> AINEINITATU/TreMaeNHITuaATINNEAUANLTIAY |

> Black start >> anuaiuisalunisifutasaslaglenuaslaglineiiaslwiiainszuy
T wedaglunisiuyszuuluv
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P : Real Power Real Current Voltage
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Usulasuniasniisieannnieni1sne capacitor WunuAulnan

Q, (kVar)

Q, (kVar)

Q1-Q2 = Qc (Q 311 capacitor)

PF 61 >>viandl VAr g9 >> Sga>>lsm g9 >>

wsenunsaulugegs >> Jynauseaunn

PF &4 >> Wandl VAr 61 >> SA1>> lsau 61 >>
wsanuasaUluaea >> andyninsenuan
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ArdsuAusEnaun1adlWin (VAr charge, Power factor charge)
pnudpensmaslitiiiuendi wdslu 15 uiiguandlodnduilandiiuninfos

Az 61.97 veeAudosmsindaliiiaiaadelu 15 wiigeaadlodnduilandudy

AlanfdwiAudondoausudmiuiusenoumdsluiludng 56.07 vndedla

115 TnelAwyaanlains a1luds 0.5 Alannsdane daus 0.5 Aladsauldaamdu 1 Ala
15 (NN, wag nnn.)
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> mmmmnwwé’ﬁﬂvﬂ'@qqmﬁLUu kW = 1,557 kW
> mmmmﬂ'ﬁwé’ﬁwmqqq@ﬁLUu KVAr = 1,266 kVAr

> 198 61.97% U89 Ppeak = 1,557 x 0.6197 = 964.87 kW>> @3tiae11 Aunas
Mndslaivnzasaaiiiu KVAr

> ety aoudsniiusenaunidaing (A wasENAes ) S1UIU 1,266 -

964.87 = 301 kVar (UaLAwkal) AnLUULWNY = 56.07 x 301 = 16,877.07 U
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< gunsalvawemasininsuaafinuudldidu 2 Ussan

1) gUunsalvAELUY Static

Ao gunsalyarenlilissuumuguuuudnludfiiionauausinanis
WasulUaswesssiuliin wu duiusey wag dundean

2) gunIalyaeuy Dynamic
Ao gUNIalvALreNATEUUAIUANLUUSRLULALIONDUAUDIRNDNIST
WaguUaseassaulwii @y synchronous  generators, synchronous

condensers, static var compensators (SVQ), lae static compensators
(STATCOM) 1Judu
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AANYELAETIAvRsRUnsalvawe AdsliTuLaAnn

Equipment Speed of
type response Voltage Support Costs
Ability Awvailability | Disruption | Capital | Operating | Opportunity
(per
kvar)
Generator Fast Excellent, Low Low Difficult High Yes
additional short- to
term capacity separate
Synchronous Fast Excellent, Low Low $30-35 High No
Condenser additional short-
term capacity

Capacitor Slow Poor, dm}}s with High High $8-10 Very low No

V
Static Var Fast Poor, drops with High Low $45-50 | Moderate No
Compensator A
STATCOM Fast Fair, drops with High Low $50-55 | Moderate No

Vv
Distributed Fast Fair, drops with Low Low Difficult High Yes
Generation v to

separate

L
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%Jg Ontario

>

AT UDA WA RTVUIANINNIT 10 wnedndduluNndousaiuszuulniiazfasaInnsa
ne/5umalnisuaaiinlurieAidiusenaumadlnii 0.9 d118e (318 Q [WISZUU) D9

0.95 W11 (5U Q NTTUU)
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1)  UsenALLAUIAI

o 33 Alberta

> fudnliihezdesdnearusulneminldaunsadne/suiasliinsueafinluyead,
Usznauiaalni 0.9 dwdeds 0.95 whwih 1o
> asulneildfenisdriaddslnihedwesindalui (ilddesaramalnisueaiiv

UNVUTULDS)

** $5 Manitoba

&9
» fuaalihagldsutusaweiiudumnndaussaugvesmasinihzueaiiviiuninfssylu
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1)  UssndaLALINI
o %Jg Québec and British Columbia

» dmueldnisadvayuidliidueaiividu Ancillary Service Toe SRuiis@sliann

Mg unguaszuulni
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2) Great Britain

> UszneulUumeUsend 83nqu @nenuaun way 1ad

> w897 National Grid Co. (NGC) %ﬂLﬁuL%’waaszUUM\lﬁﬂ

> esesidaliihfdideuieannin 50 MW desanunsadnemdslningueadinlalugiais
UsznNaunias 0.85 a1nadn 0.95 W1nt las NGC  azdsdeyaud nsun1sinassnnadnis
wanuayigaliiniuoainliuaguanlnin femefuanlnfiazldsuRueaveyssanu 2.40
US/MVArh wadurednemaslniin3uendi

> fuanlilihanunsodudewausls NGC finrsanldlaedosnioudeya 3 eg1ede 1) Anis
FousiaAsausn (£/MVAD 2) Aanssnuzuesmdsliinduendimildls (£/MvAD  uaz 3) @
nsldmasluinswondivl (£/MVArh)
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2) Great Britain
> Tuedin NGC  oldRuasulunisdamgunsalvawemdslniag uoafinAoudiunn Tnglud

A.A. 1990 AuNTEIs A.A. 2004 NGC  Idasuindsgunsalvaiserdsliiueaiinanniiy
W19 3,000 MVAr 10U 19,000 MVAr

> oued a.e. 1993 Wasmedsnslunsvidyadudndaladl nsiiiaussansaimlunis
ALY ASNAYINAINNTAUNITNEINTA] kag NTAmUAIUaTIEds YNl NGC a1u1snan

Alganelunsdnmgunsalyasemaalnisuaniinlate 90%
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3)  UsewmAsdau
> fmhsnuiiguaszuulniivesuszimade Svenska Kraftnat

> lEndsnuinanmewmideidundnlunisnanigdnin  Inedesdeliiauidinialagetinoy
oI5 bHgs

Y A

7 ldinnstnetueaivelag Wudndsalnin lnedifieardetedunisieusaiaznisvinay

Y

dnsugnan iy

> Isalwdtandein wag IselndndsanuseuazdesdnenndsininsueainlinsiwindudSuno 1
Ty 3 vasmadalnihueninidnewngsyuy (Adsenaumasliiiuseann 0.9)

> agagy wihenuiguassuulnihwesalinuazidenld Static reactive power Tunisvaue
Aaalndsueanidundnivinazaiuisanle uinnInaziana1dl il waainan
Tsalvdndaitazlsalnfdndspusou
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5)  UsuwmALuatds
> fUsnde ELA Wudvesssuulniitludseme

> fmsfasianeusulunidig US/MWh

> dmdudndalnihifiadussneuiiaeeglutag 0.95 amde fs 0.95 danth mafddllin

3393189158 UUNINA91 10% Ypanszyludyyi dnsin1susulneazegn 0.27 US/MWh
(SpUUd’) wag 0.31 US/MWh (seuuanmuig)

> dnduiasesrdia i fdeisiuseneuniaiuenaie 0.95 81189 84 0.95 YNt 9Rs1n1SAa
i']ﬂ']ﬁ']é’ﬂi/\lﬁﬁt,l,aﬂﬁmzagjﬁ 7.83 US/MVArh
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UsinAnadaLnsias

whsnunguaszuuliivessuneeeamsidess lugdnmaunsalyaweiasluiis woanin
199

e

Anan lininean1seuseiuszuuaznesiiafmUsEnauiaeglugie 0.9 a1mdedia 0.93

] v

Wi uazfesgausutennastunisyaivealdingannulsnuiguaseuulnin lunsiin
whsnunguaszuulivhioselnitevsesuiasluisueniiu
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7)  UszinmAduLae
> Mheude Power Grid Corporation of India Limited guaszuulniveslsuine

> fiesandldliihlulssmaduideldidslafid uoaiivasudege wiisaudifuianis
nduvessemadslamuuanginasilunisldiasinisueain Ao
> gasinsAna1vawevesiiddlniiiueaiviviadu 1 US/MVArh  (s3euazaie) Ll
wssuliiensinitsesas 97 vauswuluiung

7 ludalvandn (Off peak) dn51ASARAIYALTEILNAUNT AR BRSIN1SARAIYALYEUDS

MaslniiSueavlvindu 1 US/MVArh (Meiiauazuie) Wausssulniainiiseeas 103
PoussauUldiUnG F93n1sasnanilanusanntanisesussdulniinlaaunua
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8) Uszmed)ily

> ludsemadlu U3¥n Tokyo Electric Power Company (TEPCO) s?iqglmﬁzwlw%ﬂmmuﬁu
TnvesUszina fimsdnetuiedunssyslalifugldlihidnsuiulsaifusznoudids Tne
Tduanaliiiludiudasailvgiu (Base rate) Fedruaniasiuegfuadisznay
dslalihvesldlndih FanmsduaailwiazAnainuasiuvesdn Base rate Uag Electricity
rate fal)

Base rate = (Unit price [US/KW]*(Contract kW)*(1.85-Power factor)
Electricity rate = (Unit price [US/ kWh]*Total usage [kWh])

» mg Unit price @95V Base rate agila1uUseana 10 US/KW wag Unit price dwsU Electricity
rate AzdlAIUITENI 10 cents/kWh  31n@un15N1SAIUIN Base rate iR lgluvinviuan
Usuussmiusznaufdsiienisindegunsalvaesiuseneuidatuinniy demnivinls
mﬁaﬂizﬂauﬁwé’ﬂmaLaﬁamaq;ﬂﬁﬂw%%agﬁ 0.99
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Vaguan L Mitgnuiguaseuuds mlenuiguaszuudmie wazgldliihvunlyg agdes

Yy

UuRnungnaeilunissaseiasiiinswaanin

Y Aa

Auanliidesaunsadewarsumasiiisuanyinla

ymhenuiiguasyuvdsiesdnussiuusasulioglua £3% dmdussAunsadiu 500 KV uay

+5% ENUTUTEAULTIAY 220 KV Wag 132 kV

finstuanginasinsuu e sl Fueaiivdwiuguanlwihgd

> maguanlilihiinnsussmaaimtiinagngaifuaiesneu 1 dUav sasiAdiulneay
1 0.15 US/MVATh (U3u1as MVArh Suegfuuiinamdslnindueniiniidessaseunmy)

> mnduanlnidnnsusznagimihingeaiuedosdeudud 1 Fuds 1 §Uni S
ArUsulnwazilu 1.5 US/MVArh

> wnguanliilifinnsussmesimiiineuiasvgaiiuedes granlnihazgnusuinude

9951 1.5 US/MVAr maamzaznmﬁﬁm%ml%lﬁ%ﬁum’%m
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1) Cost-based capacity payment
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Explicit payment for reactive power capacity through system wide

forward procurement
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3) Pay nothing to generators
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X Synchronous Generators
> wsaanndalwihdulnglussuudu Synchronous Generator (1@50s
sudaluiAivienuianudesuiuauivesszuulni)
> dglgviamdslniiasauazidalninuoniiv
> demdslnindueafinldet oo
> msUsuiiuiasiniinaszdwaliindslvinsueadivanas

N
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/ A
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** Distributed Generators
> fuedesiufalvihuuadn Tnsunfnsduszuusiving
> paanvauznsiemasiiiseaiivuilouduiu Synchronous generator
> qaidufe aunsadhdsiuifiinisldsdsaintuendivgsld

X Synchronous Condensers
> L“fJum%ﬁﬂﬁﬁvT']Qﬂa%'mmLﬁamamﬁﬂé’ﬂlﬂ/\lﬁﬁuaﬂﬁwmaLa‘ww
> ansadiauuasann synchronous generator tAndilaiduanlunisviany
> Synchronous condenser agldm&alninasaannseuuusennas 3 % Yainn
VBN synchronous condenser
> lunivewisnunile dwlnajazsaulasan Tsslndumildidomas Fossil
wag Lssluvihdmges
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** Transformers
» wihfvanAeusulUasuseaulssiu
> figunsalmawimantnihilduveainmioni@eazsusialaing woadiv

1NITUU

<& . R .
** Transmission Lines

> anwddliihauaudfdudy Capacitive  wag Inductive  &edransuaziu

AMaalnirSLaARnIINTZUURUEIRU
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s . . o
** Transmission Lines
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X High voltage DC transmission lines

> i fidstdsinilings (D0)

> fidmanniiuanevieaeaves HVDC axdigunsnl Converter  Gavimiifinuas
Thannnsenaadulunsewansa

> Converter  azldmaslniZuanfinlunisulasssnarn dslpeviludadu
a0 %  veaRnar&elnfinasefide Wy maRian1sdaYindy 1,000 MW
Maslnin3uenfindldazivindu 400 MVAr sio 1 Yaty @il (sauaesannd
WINAU 800 MVAr)

> i Capacitor sisvuufiaanfivans wWesawamdslwiSuondin

> Teehldazilgunsalivihvehfirruaumdsliiiih oC Ailvaluaneds fadunis

AuAuLsanulni AC Mlaneantinaaadlane



AMANYATLATIIAIYaIRUNEl

**  Switched Shunt Capacitors
> aﬂﬁqagﬁaawﬁh\lﬂw
>yt idneiasiwidueafinlituszuy
> mstemdslninsueafinervazusulaliaeslnaduunniin
> mdsliliFuesiiniitnediasulsiunsaiunsediu o 9adeussenfidaaes

<& . .

%* Series Capacitors
> amﬁqaguuawdﬂ%lﬂw ﬁﬂ%ﬁ'}ﬁﬁhﬂﬁﬂé’ﬂﬂﬂﬁuaﬂﬁwLﬁt’hajizw
> dnfnfseguuansdsuuingnd

L/

% Static VAr Compensators (SVCs)
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i Static Compensators (STATCOM)
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