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POWER generaten and grdiintegraton

flopics SCOJ PIOJECTS

Wind farm as an Power plant aspects including the » WAP (ECN, JP)
electricity plant lay out of the wind farm grid e EE Farm (ECN, JP)

} ) Offshore connection and e Interconnectors (HV-DC,
Grid connection transmission PhD RH)

System integration System planning and operation with e System integration (PhD BU)
and balancing large offshore wind power in-feed '« SI and balancing (Ecofys)
— _

ol o 5 & o .
-~&ffshere. Wind_Energy in;NL — Results of we@sea TradeWind (FV)
a4 . Research-Line 3.Grid-Integration /Frans Van Hulle
Dentelder; NL, December-1-2, 2009 e IEA Task 25




Prejects

2004-0091 Wind farmi as pewer plant (ECN, TUD; Nuen, Kema)

2004-010 Electrcaliintegraton and halancing ofi large wind enengy.
generation at sea (Ecoiys)

2004-12 PhD@Sea  Intercennectors (Y. Zheu TUD)
2004-12 PhiD@Sea Grad Stability:  (Bart Unmmelsiub)
20072-026" DEeniercenneciors PhlDa(Rali Hendriks, TUD)
2007-010  ==seliyh| (@an Pierik, ECN)

200720162 Duichiconifhiien e EATARNEX 25
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Grid Issues andl R&IDr opjectives (1)

Wine poewer: plants:

* echno-economic optimisation of electrical subsystem: need for
adeguate design toeels

o PDynamic medeling of wind plant cenfigurations fer studying REWeHk
IMpact and designieientire electrcal sulhsysiemincieine ConnECHEN

o Conuol stiategIEsHer PErfermance. epuSauem; provision! ol aiReilizmny
SEvicesias demanded Py SO andfemlfilling, GrelCode
ECEnents;
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Grid ISsues andl R&ID opjectives (2)

Offshore transmission for distances > 50 km

o« Combined use: of offshore cables for trade and WE transmission

o [Design o muli=termimal V=D iransmission; pewer halaneing, Veliage
control

e Splution forvoltage contiol of HV-DE fransmission| during network
faults . - |

—
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Grid Issues and R&D: objectives (3)

EREray and pewer halancing
I e DUCh peWEer system

o Characiensatuonieirwine pewer vamnanilit/ and predictanility
Wind pewer plant contrel for managing varianility
DEvelopmentofi powerrsystem UC-ED model
Simulatiens:anadranalys|s terstuay, inte'gréitibn SEIUlIeNS
Wzl eleisiolnl for Wikl goles
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Grid issues and R&Drokjectives (4)

POWER sysien dynamic stability

o [Development of dynamic power sysiemrmoedel fier simulation ofi pewer-
fliequency contiel withrhigh Wind penetration

o [How te handle the ‘Woerst cases’ for the DUtch powesrgsysiem
o SimallifsignRalistaity/ WithrRighwine peWeRpEREALeN

* PoVEdmeIker 0esigniconsenuences Wit ighipenetiation
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WinRd pewer: plants: the: \WAP project

Pynamic models developediior diversity of wind farm) el
CONVErsIen cConcepts, moest popular are DEIG, PM, aII Variable
Speea.

Connection options: AC (typical 200 MW/, 100 kn) and DC
(LCC and VSC)

INew: development ot moedels for the thyrister bridge:ofi ther =\,
DE classicalllink; and compared e Simulinkimedules

CONUBIICONCEPLSE NEW ONE develo-pe*d- ier ECIG?

NhENIGUEIS arel capablelio desehibe dynamic behavio:
flicker productlon PEnaviolrcbrReNeltace dip (BRI,
JESPENSENONIEIUERCY T

INexirsieprvalidauen Withimeasurements s the-next siep; as
WellrasTreierencento g cosesiand EC61400=-21
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Wind pewer plantsithe: EE-farm project

EE-farm |l A seitware tool for techne-economic evaluation of
electrical concepts of olishore wind plants

Level off detaill (Up torindividual components) penmits accurate
calculationiol performance (WIS, generators, tralies, canles,
Splitters, CoNVENiers; CoPPErsS; Stalcoms)

IRpPUIS IRCILdE iechnical SPECS; PHEES, Wid cenadIlionS;

@uipuis: electrical parameter values, AEQ, |6oSSES; GEREraien
COSIS

Softwa:?’e tool IestedNa)y Vattenfall AB  onroffshiore Eillgrund
WineN NNV S USelr SalsiaClien

Re-eValligiien GiReleCiical CONCERLS Wil tiIe SEitVare S,
mnImalEprRce diierences vetween AC and DIE concepts
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Offshore transmission: Multi-terminal HVYDC VSC

Advantages: separate contrellanility: of active and reactive
POWET, Gperate with weak grids, capacity: up to: 1 GW,
plack: start capanility, small fieotprint, selutien ferJdiEshed
gid (mulb=terminal)

\Weakness: dealing Withr netwerk faulisi— nen-avaianility
Oii Mg pewWer DI Circuit breakers, semewnat Righer
I0SSES

Vainrdesignichalienges ior mulu-terminallHVIDEHdeniied

Viedelorandianalysis: Integratidh OINUNCHONS O
INENCORNECIOSANVITINGIISHENE CONNECTION I00KS feasinle
2RENPIEMISING

ConadiveRImpIEmentaneneliliexin e tading Mechanisms
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HVIDC VSEC and network faults

o [twill e impertant at nighl penetrations that wind farms can
Ssuppoert the grid during network faults. This Is a panicllar
challenge when windifarms are cennected throughrari=H\V DC

VSC link

o Jlaree strategies investigatied e keep the direct veliage
contrelianie durneeiwerk faultsi (Voliage: dips):

* OVEr=dimensioning of thergrd side VS Converter;

. disgjkpa,t.ion efitherexcess wind powerdusnolthe falt;

shESINEG NICHERIG tHENVIRENEWEIRPeHUCHON, fEIFEXaImpIE: 1y
gdirechcommuncaloRVeliegereducion anc iequency.

Increase.
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NESystem; balaneingiwith 6 GV offishore (1)

Sysiem study’ perienmed inte eneragy. and poewer balancing
WithrRighiwindl penetration fier Netherlands

Wind speed time seres varanility on'measured Windrspeea
e series;on and effishore: fer system studies develeped

\Variationsirelevant for power: system investigated (load Iess
Wing)Herrtp tor i2-GWWE IDEmand Varations dominateswing
POWEr ampliitdes;comparanie o demand existibil VeR/ ele,

Day=ahedud SerECASE ENOrS, alounaEsYs,

Wigle Jelinicontioli stialedies studied that can reduce
flucttzitlons cielfle)n Winlel stiias

WWineNeeWeERaECiSImImmUmNeaENEVvels, HERACE FEGUIES
zlefelitioplzll flend el
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NESystem) balancingpwitih 6 GV offishore (2)

A poweriul UC-ED moedel developed for studying the Dutch
POWEY system

ihemmal generation; can cope Withr halancing mest of the time,

Criticalisitbations: low load nign wind. More flexinle
ntematenal pewer exchange can aveldiwasting Wind.

Wind significantly reduces operational Cost GioowWer
generation; IedUCES POWERIMPONLS, INCIEASESI EXPONISE
Remavenalfexciiangens keyio); mtegratlon

Enlerc)y siorelee deflnltely eI ENMEST AliECVE sal2ReEIng
Solijilon

IRAMEFNUSErOIfEat WOl ErS Al CIHl P SitE S and adaitional
INErCENNECHORICAPACINANVItANNGRNAY,
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NEpewersysiem: staniliny/ with large-scale wind

Pynamic pewer sysiem medel develeped for simulation| of
POWEr-freguency. contrel Withr kigh Windl penetrationi.

Ereguency stanility: enly: madirectly: impacted through the
CHENGEM Gperaton ol conventonal generation. Noprokiem
thanks te strong ENTISO-E grid

VIGGEmNVING pIants capalieio prOVIde POWEIEEGUENGY,
contrel anditeremuiaienertie &

Ad'eq'uate goilliszier of UC-ED df PRIESHEIIGWS terhzanadlie
aueeRENaEeRSH (EREERIEPACE) Inlclilical Sittatiens:

Addiienalfsecenean/resenves needed. Wind pewerand PAC
RICE PAINEIS IAISECONE AR/ CONLI0):
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VWhatdid we leam and remaining ISSUes

RL3 preduced progress In simulation teols In varous,fields:
WPP, HV-IDC, pewer: system studies

Mulu=terminall H\V=IDE attractive; trade andwind pewer
transmission shouldihe combined. Speed-up in R&D here!

12 G\ can beniegrated n NLCirem halancing| peint of VIiew,
IS geInglte e easier it handled n Intermatienall exchange

Wine planis are nice deVvIiCES, for frequency copjifol zln)c
Secondan/resemne

ErididEsignsneeded for i & GW a2 d2NGN\ PESPECIIVES,
WitNENGREZRNGIMERSIGRECEMBINENWILT trade

EOWARVOIVEIMENHOIMIISOF=acilal tianSmISSION NEWVOIK
CORNSEUUERCES B 612 GV nel reught Inte; the; pIciure
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