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Fedet

– Opereert sinds 2008 onder de vlag van FME-CWM

– Meer dan 200 lidbedrijven

– Circa EUR 3,5 miljard omzet en 4.000 FTE

– Producent, leveranciers, importeurs, 
groothandelsbedrijven
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 Fluctuating power generation

 Grid code requirements

 Power transmission to onshore

 Severe weather and climate conditions offshore

 Construction of offshore platform and offshore logistics

 Operation, service and maintenance offshore

 Redundancy

 Matching demand and supply - power transmission to load 
centers

To achieve the 20/20/20 goals 
structural changes in the power grid are required

• Selected challenges of offshore wind-power



…, but grid codes require wind farms to behave 
like conventional power plants

Operation range
Operate within voltage and 
frequency variation limits

Frequency control
Regulate power output to a 
defined level or according to 

frequency deviations1)

Voltage control
Regulate reactive power in 
response to system voltage 

variations2)

Voltage Ride Through
Withstand voltage events for 

several seconds without 
tripping off

Power quality
Operate within harmonic 
content and flicker limits

Note: 

1) E.g. required in Denmark, Germany, Ireland, UK, Nordic grid code, etc.
2) E.g. required in Denmark, Germany, Ireland, UK, etc. 

Source: Siemens Energy WP SP MK

Common grid code requirements



Grid code requirements onshore

…
–…

- …

Grid code requirements offshore 
with HVDC VSC in-between

OWP grid connections via HVDC VSC 
allow a wider frequency range offshore

Source: TenneT Offshore grid code requirements

Comparison of grid code requirements onshore and offshore with HVDC VSC in-between



With current AC voltages (150/245kV) & 
OWP ratings, AC is possible up to 100km

Economic estimation of choice of connection technology
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‘1st‘ and ‘2nd generation’ AC offshore substations

Rodsand DK (2003)            Horns Rev DK (2002)        Barrow GB (2006)       Princes Amalia (Q7) NL (2007)     Lillgrund SW (2007)

1st - Up to 1,000 tonnes, single export cable, single transformer

Inner Gabbard UK  (2009)                  Thanet UK (2010)                     Bard  D (2010)                                Galloper UK (2010)

2nd - 1,500 tonnes plus, multiple export cables, multiple transformers



Prinses Amalia (Q7) – Offshore substation

Site

 28 km to shore

 20 meter water depth

 Platform

 Topside weight 600 tons

 Installed on mono-pile

 Transformer 

 ONAN 

 Single 100% unit

 3 winding

 150 kV and 22 kV GIS



OWP Thanet is in service 
now since September 2010

Thannet

300 MW

Richborough 

132 kV

Key Facts Thanet

–11km off the coast of 
Kent, UK

–100 wind turbines

–33/132kV offshore 
transformer station

–132kV onshore substation

–SVC

–Cable:
- AC submarine 11km

- 2 x 3 phase cables

Offshore Wind Farm Reference 300 MW Thanet, UK



AC grid connections require a significant amount of 
compensation off- and onshore

SVC (VSC)

Offshore infrastructure Onshore infrastructure
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Typical topology of a OWP connected via AC cable



AC grid connections require a significant amount of 
compensation off- and onshore

AC Offshore Substation & Submarine Cable AC Onshore Substation
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Typical OWP connected via AC cable
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HVDC SVC is the technology of 
choice to connect OWPs

~

=
=

~
AC Grid 1

DC

AC Grid 2

Semiconductor switches with turn-on 
and turn-off capability, e.g. IGBTs

Thyristors with turn-on 
capability only

Self-commutated Voltage-sourced 
converter (VSC)

Line-commutated current-sourced    
converter (LCC)

HVDC VSCHVDC Classic
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Hydro

Solar

Hydro

Solar

 HVDC LCC

 Current source converters

 Line-commutated thyristor valves

 Requires 50% reactive 
compensation (35% HF)

 Converter transformers

 Minimum short circuit capacity > 
2x converter rating

 HVDC VSC

 Voltage source converters

 Self-commutated IGBT valves

 Requires no reactive power 
compensation (<5% HF)

 Standard transformers

 No minimum short circuit capacity, 
black start

HVDC Technologies



100 –300 MW:  ± 80 kV HVDC SVC 

300 –500 MW:  ± 150 kV HVDC SVC

500 –1100 MW:± 320 kV HVDC SVC

VSC technology 
for compact solutions.

Large          

Wind farms

Offshore 

HVDC VSC
DC cable 

transmission

Main AC 

network

Onshore 

HVDC VSC
Offshore 

AC platform

Actual situation in offshore wind connections
Offshore HVDC VSC wind power connectors



HVDC VSC Offshore

Wind Power Connector

200 km cable connection 

(125 km sea, 75 km land)

Turnkey supply including

buildings and platform

Contract        Sep 2007

Completion   2011

Experience - Germany, BorWin 1  
400 MW HVDC VSC Offshore Wind Power Connector



BorWin2 800MW HVDC VSC system 
with +/-300kV rated voltage

Veja Mate (Bard)1

400MW

Global Tech 1 

(Wetfeet)1 400MW

Meerwind 

(Blackstone)1 288MW

Butendiek (WPD)

Dan Tysk (Vattenfall)

288MW

Nordsee Ost 

(RWE)1

286MW

SylWin

HelWi

nBorWin

2

Sandbank24 (Projekt)

Key data BorWin2

– Offshore platform (water depth 40m)

– Onshore station in Diele (400kV)

– Converter - 800MW HVDC VSC +/- 300kV DC

– Cable
- DC submarine 118+2km / wadden sea 5km

- DC land 75km 

- AC submarine 11 / 28 km

- Norderney island- and Ems crossing

Key data HelWin 1

– Offshore platform (water depth23m)

– Onshore station in Büttel (400kV)

– Converter - 576MW HVDC VSC +/- 250kV DC

– Cable
- DC submarine 68km / 17km wadden sea / DC land 46km 

- AC submarine 4 / 7km / Nordsee-Ost channel crossing

1) OWP has received EEPR subsidies

Source: transpower



The cluster BorWin2 collects energy from 
two OWPs and transmits it to shore

Offshore infrastructure Onshore infrastructure

130km DC cable

400 MW AC

HVDC VSC

800 MW 

AC/DC

Grid
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HVDC VSC

800 MW 

AC/DC

System topology BorWin2 cluster



HVDC offshore part HVDC onshore part

DC Chopper
PM Electronics

+

Braking Resistor

Converter Module
PM Electronics

+

Parallel 3 Phase 

Transformers

A DC chopper secures operation in case
of on- or offshore grid faults



Platform location

–Access:

- crane vessel

- supply vessel

- crew boat

–Prevailing wind direction

–Cable routes

–Location of daughter platform

–Reach of deck crane

Only few degrees of freedom 
how to place the platform

Planning Restrictions

–Access:

- crane vessel

- supply vessel

- crew boat

–Prevailing wind 
direction

–Cable routes

–Location of daughter 
platform

–Reach of deck crane



Self-installing, ship design advantageous for large, 
heavy HVDC platforms

Platform Model HVDC Offshore Station Platform Model HVDC Offshore Station
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Cluster and multi-terminal solutions are 
the initial steps towards an EU Supergrid



• Formed in December 2009 by the 
Ministers of the North Seas 
Countries: Belgium, Denmark, 
France, Germany, Ireland, 
Luxembourg, the Netherlands, 
Sweden and the United Kingdom. 
In February 2010 Norway joined 
the initiative:

The vital importance of effective 
coordination and oversight in the 
delivery of the (inter)connection of 
offshore wind energy and for 
essential onshore grid 
reinforcement in a timely, efficient 
and secure way.

The North Sea Offshore Grid initiative

Major political step towards a DC grid

http://www.eu-norway.org/news1/Norway-joins-cooperation-on-energy-grid-in-the-North-Sea/


Offshore grid development 
ENTSO-E view

Cables (Solar)

140 pairs of

5 GW and 

3000 km each



 Offshore works is and will remain challenging 

 First experience with HVDC VSC technology promising

 Higher ratings will come available with higher 
cable voltage 

 Redundancy will increase in grid concepts

Conclusions




