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Abstract: Offshore wind energy resources are rich and have
great development potential. Offshore wind power development
is of great significance in dealing with global climate change
issues. The development status of offshore wind power in
European countries and key technologies for offshore wind
power and transmission are highlighted. After presenting
European offshore wind farm capacities and relevant policies,
this paper indicates that efficient cost reduction is crucial for
the background that exploitation area has been expanded to
deep sea. Several offshore windfarm and transmission key
technologies are introduced, including large capacity high-power
wind turbine, submarine cable, generator base structure, offshore
wind farm DC collection system and uncontrolled rectifier
transmission scheme. At last, an advice for offshore wind farm
planning and integration is given, that the final scheme should
consider grid code and specific technologies.

Keywords: offshore wind power; research and development;
cost reduction; advanced technologies; policy decisions
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Appendix Table 1 List of offshore wind farms in the North Sea region of Europe
X5 Z R EHIFE/MW RS FEEE  KE/m  BRESAKkn EFR/MEX
Alpha Ventus 60 6 ¢ MultibridM3000, 2010 28 56 P
6 X REpower5 M
Amrumbank West 302 80 X SiemensSWT-3.6-120 2015 20~25 40 fraEs|
BARD Offshore 1 400 80 X BARD 5.0 2013 40 100 ]
Beatrice 10 2 X REpower5 M 2007 45 23 B
Belwind 165 55 X VestasV90-3.0 MW 2010 46 B lliny
Blyth Offshore 4 2 X VestasV66-2 MW 2000 6~11 1.6 bl
Borkum Riffgrund I 312 78 X SiemensSWT-4.0-120 2015 23~29 55 (3]
Borkum Riffgrund I 312 78 X SiemensSWT-4.0-120 2015 23~29 55 LraE|
Butendiek 288 80 X SiemensSWT-3.6 2015 35 15 ]
DanTysk 288 80 X SiemensSWP-3.6-120 2015 21~31 70 (3]
Dudgeon 402 67 X Siemens SWT-6.0-154 2017 32 g/
Egmond aan Zee (OWEZ) 108 36 X Vestas V90-3 MW 2008 15~18 13 Il
Eneco Luchterduinen 129 43 X Vestas V112/3000 2015 18~24 24 Gl
Gemint 600 150 X SiemensSWT-4.0 2017 55 fif 24
BuitenGaats & ZeeEnergie
Global Tech I 400 80 X Multibrid M5000 2015 39~41 110 T[]
Gode Wind 1 & 2 582 97 X SiemensSWT-6.0-154 2016 30 42 {E3ES|
Greater Gabbard 504 140 X SiemensSWT-3.6-107 2012 20~32 23 pEs|
Gunfleet Sands 1 & 2 172 48 X SiemensSWP-3.6-107 2010 6~15 7 YL
Horns Rev I 160 80 X VestasV80-2MW 2002 10~20 18 P
Horns Rev 11 209 91 X SiemensSWP-2.3-93 2009 7~17 32 P
Humber Gateway 219 73 X Vestas V112-3.0 2015 10~18 10 B
Hywind 23 1 X SiemensSWP-2.3-82 2009 220 10 Bk
Kentish Flats 90 30 X VestasV90-3.0 MW 2005 3~5 10 |
Lincs 270 75 X SiemensSWT-3.6-120 2013 5~15 8 |
London Array 630 175 X SiemensSWT-3.6 2013 0~25 20 YL
Lynn and Inner Dowsing 194 54 X SiemensSWP-3.6-107 2009 6~11 5 HifE
Meerwind Siid/Ost 288 80 X SiemensSWT-3.6-120 2014 22~26 53 LraEs|
Nordsee Ost 295 48 X Senvion 6.2M126 2015 25 55 fhi [
Northwind 216 72 X Vestas V90-3.0 2014 16~29 37 @ sling
Princess Amalia 120 60 X VestasV80-2 MW 2008 19~24 26 nf 2%
Riffgat 113 30 X SiemensSWT-3.6-120 2014 16~24 15~42 T
Sandbank 288 72 X SiemensSWT-4.0-130 2017 24~34 90 ]
Scroby Sands 60 30 X VestasV80-2 MW 2004 0~8 2.5 ke
Sheringham Shoal 317 88 X SiemensSWT-3.6-107 2012 12~24 17 B
Teesside 62 27 X SiemensSWT-2.3 2013 7~15 1.5 pEs|
Thanet 300 100 X Vestas V90-3.0 MW 2010 20~25 11 Yl
6 X REpower5 M,
Thorntonbank 325.2 2013 13~19 27 L AR
48 X Senvion 6 M
Trianel \Y;E:ia;l; Borkum 200 40 X ArevaM5000-116 2015 28~33 45 i
Veja Mate 402 67 X SiemensSWT-6.0-154 2017 41 95 (3]
Westermost Rough 210 35 X SiemensSWT-6.0 2015 10~25 8 B
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Appendix Table 2 List of offshore wind farms in the Irish Sea region of Europe

REBIHZ R EHEE/MW RS Fr % Bef 18] K& /m BEREEAm BERMMR
Gwynt y Mor 576 160 SiemensSWP 3.6-107 2015 12~28 16 BURt
West of Duddon Sands 389 108 SiemensSWP 3.6-120 2014 17~24 15 HifH
102 SiemensSWP 3.6-107 and 40 MHI
T TR TR
Gamesa SWT-7.0-154turbines.
Robin Rigg 180 60 X VestasV90-3.0 MW 2010 0~12 11 B
Ormonde 150 30 X REpower5 MW 2012 17~22 9.5 |
Barrow 90 30 X VestasV90-3.0 MW 2006 15~20 7 P
Burbo Bank 90 25 X SiemensSWP 3.6-107 2007 0~6 7 HifH
Rhyl Flats 90 25 X SiemensSWP 3.6-107 2009 4~15 8 BURt
North Hoyle 60 30 X VestasV80-2 MW 2003 5~12 7 BUR A
Arklow Bank 25 7 X GE Wind Energy 3.6 MW 2004 2~5 10 TR
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