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WP3 - Wind turbines converter interaction
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PROMOTioN WP3

Black Start by Offshore Wind Turbines

Objective:
To avoid issues of non-
operating wind turbines;

- Moisture O—bjw: L
I To energize WPP and Objective:
) c.|ng _ substations (AC and To provide black start
- Vibrations HVDC) auxilary w/o for the onshore power
- Deformation any external supply system
Step 1 Step 2 Step 3
Self-start of Self-Energization of Contribution to Grid
Wind Turbine wind Power Plant Restoration
- Wind turbines will WPP will energize up WPP will operate
start w/o grid voltage to the onshore PoC similar to the
-~ Wind turbines will conventional black
supply themselves start units
using wind

(houseload operation)
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PROMOTioN WP3

Offshore AC Network Start-up Options

In case of normal conditions
Energization from onshore

In case of offshore grid outage g
Offshore Energy Source (e.g. diesel generatior)

E % % HVDC offshore
Energy terminal

% % : | @ Jlf& HVDC link JE& |
@_ i VSC-MMC
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In case of offshore grid outage or collection system failure
Black-startable wind turbines
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PROMOTioN WP3
Generic Self-Energization Sequence

WT-DC WT
Filter Filter Transformer
_| — _| Array cable_
<D,
- Synchronous
Gl t = Chopper
Gearbox enerator Rotor-side | _ A Grid-side —
VSC I |» vsc | Auxiliaries Type 4
(RSC) gl (GSC) + Variable-speed
energy storagZ system Controller Wind Turbine
(BESS) Self-start (WT)
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PROMOTioN WP3
Generic Self-Energization Sequence

Offshore Wind

s OWPP
Diesel generator
Power Plant backup substation
©owep) () {bd
— € I PO T O
o O Q ‘
—_- - & Export cable
@M @© -
E qh_) WT Array cables
o o Strings
o WPP
Transformer
WT-DC WT

Filter

Filter Transformer
| [ |2 et

Synchronous
Generator

2 Chopper —
Gearbox Rotor-side | 4 = Grid-side —
VSC _“ vsc | Auxiliaries Type 4
(RSC) GSC + Variable-speed
orage 50" contoltr g Wind Turtine
energy storage system
(BESS) e -Sta rt (WT)
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PROMOTioN WP3

Generic Self-Energization Sequence

OFFshore ONshore

Offshore HVDC Onshore HVDC
(@)) WPP1 ) bstati
cC substation Backup [ ] BaCkUP substation
o = CD 3 =
= E O PCC
25o O | e [ A
= o0 = Cable link T i
&L ; Filter O Filter e
S OFFshore converter ONshore converter !
o= oJ WPP2 transformer OFFshore-VSC ONshore-VSC transformer AC grid
— (Rectifier) (Inverter)
Offshore Wind
i OWPP
Diesel generator
Power Plant backup substation
©wep) @
— S . VU VO
T O (L
= %= Exportcable
< = V 4 4 = XPOrHcabte
E 5 WT Array cables
oA o Strings
o WPP
Transformer
WT-DC WT
Eilter Transformer
— Array cable_
- =
Synchronous
G t n Chopper —
Gearbox e Rotor-side | 1 = Grid-side —
VSC | F vsc | Auxiliaries Type 4
(RSC)  ghidery (GSC) + =z Variable-speed
energy storage system Controller Wind Turbine
(BESS) Self-start (WT)
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PROMOTioN WP3

Supply of Auxiliaries and Step Load Changes
Wind turbine rotor side response

WT house-load
(aux) 3-5%

20% step P load
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PROMOTioN WP3

Ongoing: Black start simulation test on part of DK2

Energinet plans Black Start
Simulation Test

with Skagerrak 4 (SK4)
HVDC interconnector
(Norway-Denmark) outside
PROMOTIioN project

In PROMOTIioN project:

Black Start Simulation Test
with offshore WPP

To be energized;
* 3 buses

* Overheadline & underground
cable

» Shunt reactor, transformer
* Step MW++ load
» Load stepwise changes

» Frequency & voltage setpoint
changes
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APPENDIX

DISCLAIMER & PARTNERS
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The opinions in this presentation are those of the author and do not
commit in any way the European Commission
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Institute of Technology, EirGrid plc, SuperGrid Institute,
Deutsche WindGuard GmbH, Mitsubishi Electric Europe
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(Trading as GE Grid Solutions), University of Aberdeen,
Réseau de Transport d‘Electricité, Technische Universiteit
Delft, Statoil ASA, TenneT TSO B.V., Stiftung OFFSHORE-
WINDENERGIE, Siemens AG, Danmarks Tekniske
Universitet, Rheinisch-Westfélische Technische Hochschule
Aachen, Universitat Politecnica de Valéncia, SCiBreak AB,
Forschungsgemeinschatft fiir. Elektrische Anlagen und
Stromwirtschaft e.V., @rsted Wind Power A/S, The Carbon
Trust, Tractebel Engineering S.A., European University
Institute, Iberdrola Renovables Energia, S.A., European
Association of the Electricity Transmission & Distribution
Equipment and Services Industry, University of Strathclyde,
ADWEN Offshore, S.L., Prysmian, Rijksuniversiteit
Groningen, MHI Vestas Offshore Wind AS, Energinet.dk,
Scottish Hydro Electric Transmission plc, SCiBreak AB
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