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Problem Definition

Motivation
High volume integration of RES far from loads Large OWPPs with modern WTs can address Blackstart requirements
. . ] . i
l Zl'erd f% 7/’6 7/'8 yZ e w . Tnereased L[ims’mnom power exchanges . S targeted conventionally to large thermal plants (ENTSO-E codes)
. Decreased Var reserve due to SG replacement Increased risk of wide-area blackouts D ) P o
Power electronics EMT, Inertial decoupling eo: South Australia 2017, UK 2019 Steady winds far-from-shore, thus fesser availability-uncertainty
Uncontrolled Islanding, Protection settings re-design = Fast, fully-controlled, high-power, green blackstart capability of VSC-HVDC OWPP

; M ti ti TS O | WF O Complicated grid operation: stability, reliability Advanced V' control functionalities from state-of-art PE interface of modern WTs

7 § No waiting for end of network reconstruction; confrolled islanding to ensure continuity of power supply
Voltage source = —— e e bk e 2 ¥
G[ld fOfll]_lﬂg ,/ BlﬂCkStﬂ[[fﬂble \\TS ik (i e b el e ST - LLCE overall impact of a blackout event: reduced restoration fime & unserved load

Replace backup gffshore diesel generator for auxiliary power & energization

> Tar get S tate S — Chall en ge S Cost benefits, reduced shipping downtime, increased reliability & CO?2 displacement.
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INNOVATIVE TOOLS FOR OFFSHORE WIND AND DC GRIDS

Functional Specitication

\
Literature review: * Blackstart: Self-start, Fuel supply, Restoration time.
> Gap between BSU technical . * V-propagation: Var-requirement, V-management.
: ystem * Load recovery: V, fmanagement
requirements & state-of-art Energization D
WT capabilities.
» Future grid code | | )
recommendations. * Block Loadmg: P-requirement.
e Islanding (CIO) & TTH
Load * Synchronization
Restoration )

Functional Requirements for Blackstart and Power
System Restoration from Wind Power Plants

Proc. 2" Intl. Conf. of Large-Scale Grid Integration
of Renewable Energy in India 2019 (New Delhi) BSU Tx/Dx Block

Network Load
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Preliminary Results (TS-5)

PROMOTioN

PROGRESS ON MESHED HVDC
OFFSHORE TRANSMISSION
NETWORKS

— Black Start by HV de-connected Offshore Wind Power Plants
Q:‘ﬁ Proc. IECON — 45" Annual Conf. of IEEE Industrial
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Eﬂergzzozz‘zm simlation: Electronics Society 2019 (Lisbon)
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S . InnoBC:

Focus — WT GEM control:

Grid-forming control strategies for black
start by offshore wind power plants

» Identifying the major different strategies.

> Compare transient behaviour during energization.

Spel. Iss. WESC 2019

in Wind Energy Science 2020 (EAWE)
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S . InnoBC:
Hard v Soft Energization

Focus — offshore & HV'DC transients: Blackstart ___from _ HUV/DC-

» Offshore Network: hard-switching vs soft-start. - PROMOTioN connected Qfﬁ;/wrﬁe Woind: Hard
. (A sy | us Soft Energization

» Onshore MMC: controlled pre-charging. 7 nerworks in Renewable Power Ceneration

» Sensitivity analyses: PIR/PIT (hard) | Ramp-rate (soft) 2020 (1ET)
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O n g O1nN g & N €Xt S t e p S NNGVATVE 0L FOR OHSHORE IND AND DC GRS

» Model detail
o WPP Sequential start up

WT-DC

PG‘VTG(Q)jL»@ — J[f}—@—

o WTTr inrush, saturation

o WT GSC Switching
model, Finite DC link.

>  Transients:

o Synchronization

o Trafo Sympathetic '

Interaction
- PCC-2 T2 T1 PCC-1
o SOV, TOV plk  HVDC DBIk Tr
o DC link dynamics | l 1 l - |'-'| i
. PreChg PreChg Grid
> Studies:
10 V.f + -+

o Stability & Robustness SMs SMs Block

o l ) Load
)ffshore I Onshore < 7
— OWPP "= MMC T— MMC
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